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Actual Instances of Dual Personalities—I* 

Cases in Real Life That Rival the Wildest Fiction 

By Edward Tyson Reichert, M.I)., Sc.D., Professor of Physiology in the University of Pennsylvania 


Thk' noted English author, Mr. IT. tl Welle, wax ru\onion occurs to the primary state his secondary elate daughter of au unscrupulous, Itinerant hypnotist. She 
asked, "What is the flnt step toward literary ptoduo- may, an it worn, be eomplctely blotted out, io that mental was made by him a hyptvoUo subject, and grew np amid 
tion7" and he u aeereditod with the reply "It ■■ im- existence is rosumod where it cowed when the aocondary surrounding* suuh aa would naturally tend to develop 

porativo, if you wish to write with any power or fresh- state appeared, the subject having no knowledge of In a vary sensitive girl abnormal mental state*. She 

ness at all, that vou must utterly ruin your digestion.” hie life in tlu> Interim. In some Instance* there occurs in time fledin terror from her degenerate and oometenne- 

Perhaps in such a light the originality of tho stones repeated alternation of the two personalities, and in lorn stepfather, to be found after some yean in a sant- 

of "Dr. Jckyll and Mr. Hyde” aud "The Case of such cases one peraonaUty may at once, or In the course tanum, when we an made familiar with her dual Uvea. 

Becky” may suggest to some of you the outpourings of tune, recognise the existence of the other, tho subject As Dorothy, she was a highly sensitive, charming and 

of abnormal minds, but we find in the histories of the becoming oonxnloui of a dual mental existence, eventu- lovable young woman; sweet tempered, food of reading, 

lives of some who have Uved before or with us ebund- ally blending the two, or adopting one or the other and with oxemplary habits of mind and body. At time* 

ant inspiration for such fiction. permanently, and not infrequently the secondary, or upon awaking from a short steep she would exhibit a 

When we speak of an individual's personality we supposed secondary, state. Sometimes there appear personality which wae the wry antithesis of the normal, 

have reference to the sum or totality of his mental multiple personalities, that is, as many as ten or more In this state she was known aa Becky, She was quartet- 

trails, which trait* aro expressions of correlations of personalities may he developed, one succeeding another, some, disagreeable, used coarse language, waa pro- 

tho peat with the preaont, and not only of hia indi- each differing from the others, each being as character!*- fane, tore her clothing, and took great delight hi aa- 

vndual past, but also of the hves of anoeslral genera- tic aa though the individual liad been as many time* re- noying thorn about her, and played all aorta of dis- 

tiona which have left thoir impression on hia mental born. And so one might go on indexing these varied agreeable tricks upon her primary mV, which appeared 

processes. Personality is a manifestation of an ex- and uncanny manifestations of mental life which seem to her as the person of another individual, hiding and 

tromaly complex aggregate of intcraasociatod and in- 4 more like freaks and monstrosities of the imagination destroying things which she imagined belonged to this 

tending mental states- a combination that is so plastic than actualities of life. Perhaps as many aa forty aaaea hated person 

that one or more of the component* may bocome sup- of dual and multiple personality have been reported, Mr. Belaeoo, in the staging of "The Case of Becky," 

pmaod or exaggerated, and thus transiently or per- some of wbioh have been republished time and again, showed remarkable skill Dorothy was a very Impree- 

manently impart to the individual mental characters yot they are almost unknown even to the medical stonable girl who, because of abusive treatment and 

that are more or less at variance with h» recognised profession. Undoubtedly a very large number have ex- repeated subjection to hypnosis by her stepfather, bad 

identity. lited, and many of the unfortunate subjects round lodg- her mud so peculiarly affected as to become a victim 

All are aware of the transitional character of our raent in insane asylums and prisons. of self-hypnosis and to lead to the development of a 

personalities in our every-day lives, as is expressed Turning our attention now for a few minutes to second personality entirely different from her normal, 
especially by our variable moods; by the duplicity of fiction, and first to Hoberi Louis Stevenson’s story of After the appearance of the aocond personality analter- 

personallty of the habitnal one-day saint end six-day Dr. JekyU and Mr. Hyde, Dr. JekyU Is dneenbed as nation of the primary and secondary states look place 

aimer; by the eaao with whleh the actor assumes dif- a large, well-made, smooth and handsome-faced man for years, untU finally, under the rare of an export neurol- 

ferent personalities, associating with each such traits of fifty, with perhaps something of a slyixh oast, but ogist, she was, through hypnosis restored to bar normal 

as characterise tho subject; and by the changes brought with every mark of capacity and kindness, and who self. Such cause, effect and euro are wholly in aooord 

about by intoxicants - the quiet, land, loving, moral, oul- cherished sincere and warm affections. He wa* a con- with the facts of science, although perhaps exceedingly 

lured man, 1 incoming quarrelsome, brutal, lewd, profane, noimeur, Inclined by nature to industry, and fond of few of the audience, and very few critics, looked upon 

end utterly lacking in tho high Ideals that rharorterlM the respeot of the wise and good. Tbs wont of his them as being otherwise than entirely imaginative, 

his normal life. We know too that in somnambulism, faults wss a certain impatient gayety of disposition, What seemed to be the most vulnerable feature of 

delirium and certain hysterical states the individual may such as has made the happiness of many, but such as the presentation waa Dorothy’s ooDsdonmen of the 
oxhlbil mental traits which in ninny respects are markedly he could not reconcile with his Imperious desire to carry preaenoo of her stepfather in some way other than by 
or wholly different from those wluch typify his normal his head high and wear a more than commonly grave her ordinary senses—in some occult manner, such aa 

life; that hasheesh and certain other drug* may pro- countenance before the public. Hence, while ho In- by telepathy, that Is. by an Influence of one mind over 

duoe in the suhjoct a delusion of an existence of a double dulged he concealed his pleasures, hiding them with an another at a distance by other than the normal chan- 

pereonality, that is, a sense of having two mental lives almost morbid sense of shame, and standing committed nds of communication. But this very point, seenv- 

whioh may hold communication; that m certain forms to a profound duplicity of life. He saw that two natures Ingiy small and unimportant to the lay mind, was not 

of Insanity the Individual has the belief of a dual mental contended in the field of consciousness and he conceived overlooked by so skillful a stage craftsman. Those 

and phydoal existence, even becoming obsessed with the of the separation of these nature* by taking a drug, who followed the play with discernment will reoall that 

delusion that he is not himself but bis double; and that and of recombining them by an antidote. at a moment before Dorothy appeared on the stage 

the mental life of normal, hypnotic and narootio sleep Upon taking the potion, agonies were caused whioh In a self-hypnotic state her stepfather, who was unseen 
la usually quite different from that of the waking state, swiftly subsided, and as if out of a great siokneas he at the time, had coughed loudly and in a strikingly 

But none of these instances Is to be Included in tho came to himself in the form of Mr Hyde, a man ten- peculiar way—a cough whioh we are supposed to under- 

oat egory of dual personality because in oaoh there is fold more wicked than hi* primary self and sold a stand wss heard throughout the sanitarium. It was 

manly a single personality that baa become modified slave to his original evil. Aa Mr. Hyde he was dwarfish this cough which was intimately related to the homes 

in normal or abnormal ways, whereas in oases of dual and gave the impression of deformity without namable of her girlhood, though not eonadoualy recognised by 

personality there are two mental Individuals belonging malformation. He had a displeasing smile and bore Dorothy, that so affected her peculiarly sensitive and 

to one body, both sane, each having self-oonsctousnees, himself with a sort of murderous mixture of timidity abnormal mind a* to throw her into hypnosis. In this 

and each having It* own characteristic mental life. and boldness. Ho spoke in a husky, whispering, and ooadition she was en rapport with her stepfather, ex- 

Thera nan be no question of a close relationship somewhat broken voice, and his manner aroused disgust, tremaiy-sensitive to his presence, and almost wholly 

between the psychic states of somnambulism, hysteria, loathing, and rear. He seemed hardly human and was subimative to'hls will. Even in tho hypnotin state she 

delirium and insanity with those of dual personalities, inherently malign and malicious, taking pleasure in the hat some ooas^ouanere of her well-nigh bulpkaenew and 

and it may not always lie possible to definitely dif- infliction of every degree of torture. He had the name the peril* that encompassed her In tho presence of her 

ferentiate them. Where insanity begin* and sanity of 8atan written on his face. Mr. Hyde, drinking the stepfather. To dissipate the tendency to self-hypnosis 

ends no one knows- who can tell whothcr or not ccr- antidote, cried, reeled, staggered, olutohed at the table, and prevent tho recurrence of the secondary state by 

tain people are sane or insane’ Similarly, where modi- staring with injected eye* and gasping with open mouth, hypnotic suggestion, in accordance with the play, may 

flnation* of a Angle personality end and dual personal!- pal* and shaken and halt fainting, was transformed to saem to be visionary, yet it is entirely oonsistent with the 

tie* begin no one nan say, yot in Isith Instances there Dr. JekyU. The two natures had memory in oommon, facts of soinnoe. The presentation of the dual character 

are woll-defined type* that aro so definitely character- but all other faculties were most unequally shared be- waa remarkably true to life. 

istlo that we ran declare positively that there la one or tween them. Hr Turning now from Action to strange stories from Ufa, 

the other. It is such type* that must be studied at the Transitions from one state to the other were frequent, we find that the essential features of “The Caae of 
outs tort if we are to have dear conception* of dare and m time Dr. JekyU, Uke those of us in evsryday Becky” have their counterpart In the history of the 

distinctions and understand the psychology of tbsau Ufe who habitually gsva way to evil lnoUnstilona, lost case of.Miss Beauchamp, which was published by Dr. 

extraordinarily interesting case* of two different minds bold, as it were, of hi* original and better self, and be- Morton Prince ("The Diaeoeiatktn of Pereooality," 1006). 

belonging to one body. come slowly Incorporated with Ms secondary or won* The subject wse a person In whom three personalities 

Typical eases of dual tiereonality are characterised self hi the form of Mr. Hyd*. H* soon cam* to a re- spontaneously developed, each being distinctly different 

by the existence of two distinct, sane, ndf-oonsrioai attrition that he had to choose between the two, and from the others in train* of thought, view*, ideals, 

mental lives belonging to ono body. Tbo change from obooting ths better, h* for two month* was Dr. JekyiL temperament, acquititions, tastes, habit*,experience* and 

one personality to another is usually abrupt, without Then, In an hour of moral weakness, ha again swallowed memories. Only one of the time had any inherent 

obvioua cause, and oommonly following a period of lore tb* transforming potion, and instantly the spirit of hell kjoowlfdie of the others, and the Ahar two bad no knowl- 

of conscious ness, usually sleep, which commonly is long awoke and raged in him, and again was h* the moral edga of eaeb other or of the first except such a* had in 

and profound. Upon tho return of consciousness there monster, Mr. Hyd*. titifc bean obtained by Inference or by Information from 

exist# a partial or complete losa of memory of the knowl- "The Case of Becky," while p r ese n t i ng certain f<a- othd< people, Suddenly wa find ora preaonalhy vanishes 
adgs that particularised the individual's life, this lore tun* in eommon with those of Dr. Jakyfl and Mr. and toother appears In JqJeidoaoopio succession, each 

being associated with a change of character, so that Hyde, la in it* manifestation* of the aseondary stats being Ignorant of what was said or don* or where she 

the subject u to all intent and purpoare another mental and In oertain other raspaota quite different. The story waa while in the immediately preceding personality, 

individual, hawing a different memory, will, disposition, of Dr. JekyU and Mr. Hyd* bsiosgi to tha category For six year* these three personalities played a rrenark- 

intaOtgul power* and habits of mind and body. Ths of drug fiends w* read of from thus to time in the daily able and almost unbetterable eoaedy of retort, malting 

Inquired personality or secondary state may have no prsas; but "The Case of Becky” la one of dual person- thatr entranea* and exit* in a most tretipMartlo way, 

recognition of the wiatcnoe of the primary or normal attty, and tit* eouMptiont of th* author an wett founded aaehfor * time playing her part, eaeh bring wtadtridnat- 


stata, or sire mow; it* mental and physical live* may be 
so entirely different from those of normal Ufe that if 
• A Isctua daUvarsO at tbs Unlvanltr ef PseaarlvaaU, 


la histories of oaaas in Ufa whioh are area mare wtM 
and interesting, and seemingly improbable. 

In normal Ufa the pcaon of Becky wa* known as 
Dorothy. Dorothy, it wtB bo nestled, ws* the ikp- 


i**d me ntally and phy riosHy M though thtin war* three 

MlreBrenahsmplidreatibedrehanfagbeenaatirired, 
lm yrerefe ca fal* ehfld, firm to daydreamtog, la 
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fear hnacfauktktn, unduly Influenaod by h* imagination, 
II vine in ft land of Idealism, and (Mine people uot a* they 
an but m aha imagined them to be, and laetong In true 
eooeeptMoa of her environment* She waft mteUeotUftUy 
keen and fond of books, and tha idolised her mother, who, 
however, waa devoid of aileotton for her, tha effect of 
which waa to make her morbidly reticent and live within 
herself end her imagination. When atghtoan yean of 
age a nervooa aboek played tha principal role in tha 
development of the remarkable pereonaiibea that for 
eomfl yean eneomp a aeed her life At twenty-three the 
wae a oollege atudsni, ambition*, over-oonaeientioni, 
mentally and morally stubborn, very nervooa, a neuraa- 
thenie of an extreme type, and a continual aufferer 
mentally and physically, beooming worse, and ultimately 
unfitting bar for work 

In the courts of tune two personalities developed 
which oame to be dtabngulabed aft Belly and the Idiot 
The three posonahtiea (Mias Beauchamp, Belly and the 
Idiot) were to different ae to anggaet the designation* 
The Saint, The Woman and The Devil 

Inaimuoh aa Miaa Beauchamp waa a phyawal wreck, 
It might naturally be assumed that her bodily ailment! 
would be earned into her other atatea, ao that notwith- 
atuding gnat ohangea m mental traita her bodily trait* 
would continue the tame But this did not occur, thua 
■bowing in an extraordinarily impressive way the potent 
influence* of the mind over the body While Mu* 
Beauohiunp waa alwaya ill, alwaya luffenng, alwaya 
physically weak and incapable of more than very little 
phyaioal and mental exertion, the Idiot showed a mark¬ 
edly lemoned neurasthenia and waa capable of phynoal 
and mental exertion much beyond the powers of Mus 
Beauchamp, yet with dutinotly lea* capacity than Hally 
Aa Bally, tbe Devil, ihe waa a stranger to illness and had 
remarkable phynoal endurance knowing neither fatigue 
nor pain While in the state of Hally she would take 
long walks, far beyond the j^ynoal strength of Mus 
Beauchamp, and then suddenly Bally would vanish and 
the body be returned to Mus Beauchamp, who would 
oome to lureolf in a state of utter exhaustion notwith¬ 
standing that only a few moments before, as Bally, thorn 
waa physical vigor 

Mus Beauchamp and the Devil in their physiological 
and moral tutus, moral ohaiac tens boa and acquisi¬ 
tions were almost wholly antipodal The kinds of food 
and drink liked by one were disliked by the other Mus 
Ueauohamp'i appetite was poor, the oared little for the 
pleasures of the table never used vinegar or oil, and was 
very fond of lee oroam and broths, eta The Devil bad 
a good appetite, enjoyed the table, uaed freely vinegar 
and oil, never ate ice cream or broths, etc Mus Beau¬ 
champ wore her hair low and her olothing loose and waa 
fond of church and devotional books The Devil wore 
her hair high and her olothing tight, and never volun¬ 
tarily entered ohuroh at read devotional booka Mus 


Odea**, the Grain Port of Ruaaia 
Opthsa la oue of the most liu|M>itant <e aborts of 
ItuKMiu r inking, bj mi soil of Hi imputation und Its An 
Ugn trade, after l'ltiugiad Moscow und Warsaw 
Mine It wtui founded In 1704 IK hi the lulus of a Turk 
lnh foit that fill lulo ltu-wlau humls In I7M) it lias rap 
Idly become the Intellectual and lommiitlal (.upltul of 
what la tailed New Uuwda It Is the lulntliml e\poit 
town for the ixtenslve grain giuwiug dlslihla of South 
llussla, the See of an Archbishop of the (.reek Oitho 
dux Church the Ltnter of u tine mdvenUty and tbi. 
headquarters of the Seventh Army ( mpa 
Tbe port lies ou the shore of the Black Sea about 
midway between the estuaries of l ho I (ninth tr and tbi 
Dnieper, 067 miles from Moscow and dbl from Kleff 
The city la built facing the sea, on low cliffs seamed 
with deep ravines and hollowod out by galleries In the 
soft rook, lu which thousands of the poorest Inhabitants 
live But above Ihla are One broad tree lined atreetfi 
and squares bordered with handaomo public building* 
and mansions in the Italian style, and good shops Be 
sides the cathedral, there are dosens of other chart be*, 
* flue opera house, and tha Palais Itoyal, which, with 
Ua garden* and park, la a favorite place of retort A 
magnificent flight of granite stops leads from the Rich 
ellau monument to the harbors, and tbe shore la lined 
with granartoa, some of which look like palaces. 

Tbe bay of Odom, which has an am of fourteen 
square miles, was a dangerous anchorage, on account of 
Its exposure to easterly winds, until the harbors within 
It, six In number, protected by moles and breakwaters 
were eo—trotted Baatekw these, there are the harbor 
of Urn BtunUu Company for Navigation and Comment, 
and the petroleum harbor Those harbors are frosen 
ft* a fsw day* oWy In winter, but navigation la rarely 
latorrqttad far more than sixteen days at the moat 
The jpopnlatloa hag steadily Increased from 8.UK) in 
im to abotit 4*0000 at tha present day The total 
experts wen reload some time ago at about *00,004000 
an—ally end the teportt at about *44000404 about 


Beauchamp waa patient considerate of others, amiable, 
hated sewing, and was stay fond of nhtldre u The Devil 
was moat impatient, most inoiinsidurate, unamiahlo, 
pven to rages of violent temper, liked sewing and looked 
Upon ohildren as a great nuisance Acquisitions of Miss 
Beauchamp were often not possessed by the Devil and 
tboto of the latter not often by Mus Bcauoliamp And 
» m very many ways ono personality was th« antithesis 
of tho other 

Belly is described as having a character trains of 
thought, memories, jwn eptions, ai quisiUons and montal 
touts generally which wore quite different from those 
of Mus Beauibamp Bully claimed that she knows 
what Miss Beauchamp thinks, says, writes and dons, 
see* what she sees at the time, and not as knowledge 
afterward* acquired Curiously enough, while Mias 
Beauohamp oould hide absolutely nothing from Bally 
she was absolutely without knowledge of the existence 
of Bally, and Sally, while reoognixmg tho exuteuoc, 
thoughts and so on of Miss Beauchamp, did not associate 
Miss Beauchamp with hewedf or her body, but imagined 
her to be another individual Bally had a jealous hatred 
of Mis* Beauchamp, and remarkable and almost in¬ 
credible wore the pranks, torments and terror to which 
Mus Beauohamp was subjected The personalitim of 
Mus Beauohamp and Belly frequently alternated A 
favorite form of Bally’s amusement wsa to suddenly 
vanish and restore tise body to Mus Beauchamp under 
conditions that would give rue to great mental and phys¬ 
ical suffering Sally would write most annoying letters 
to Mist Beauchamp and she bad a most subtle way of 
staling just enough to cause Mus Beauohamp • imagina¬ 
tion to run not and to fancy all sorts of things, and gener¬ 
ally to create a state of mind full of apprehension or 
even terror Bally would make engagements which sho 
knew Mus Beauchamp could not keep and often Mus 
Beaut hamp would awake to find that she had unknow¬ 
ingly done something entirely difforent from that which 
she bad contemplated Mus Boauihamps promisee 
were brokon and engagements were made which were 
objectionable, or even of suth a character aa she oould 
not m honor keep Bally would write letters exposing 
tho private sflain of Mus Beauchamp, and by dis¬ 
torting exaggerating and deliberately lying she caused 
tho koeneet souse of mortification and increased the ill¬ 
ness of Miss Doauchamp by the intense anxiety 

Sally took advantage of Mus Beauchamps caroleas- 
nees about the cam of money and many wore the 
torments to which the latter were eubjootod One day 
Miss Beauohamp was sorely worried over the mysterious 
disappeared e of some money Bally had hidden it 
and written a note to Miss Beauohamp, whuh was 
roooived a day later, telling Miss Beauohamp that she 
was too negligent and incapable of taking proper care of 
money, and that tbe would accordingly be put on an 
allowance of ten cents a day with which to amuse bursal/ 


k'/ji jer tint of nil Ihe Imports Into Ruxxta flratn nnfl 
jsirllnilsi li vvluat Ih Oh (lilt! iiitlili if ixpuf lino 
limn U also an Imiu rtniil «M«it il tlu piiMiit time 
llu principal lmtmrts au raw t >tt<m Iron nkiliiiltuiiil 
mcKblueii coal <InluktiN Juu cupri and kud Well 
our 1 JOO uswIh of -sum 17H)WiO tuunagi min ihe 
pint tvtry jtar and «f tin si about TOO with n t uiingt 
nflJfiOUUO im British — I hi II illy i < I.pi nyh 

Translucent Glass Br«k« 

Vi n usiid meeting of lb< Jlluiuln itinp fugiiusm 
Vs lily om of tbi -qieakir* III lilt n llout lilt uni 
nontlv piectliul HUggt Mtlou In repaid to tbi Inlirlur 
IJgtillng of buildings TIU nmurks Hire us f Hows 
Nut long since a resident ownn called nil attention to 
thi fail tint Ihe front rooms ot Ills hoim wire In (laj 
time (be darkest ones lu Ibo house note ithxiandlrg the 
fact that these rooms wore the most u*i) and the jiiunI 
lmportuut The darkness waa caused thtre-uud in 
fact will be caused In any average residence by tin 
shielding effect of a large jHAib anil uurlinncluu 
caves This la a very common condition and It ms us 
peculiar to me that use has not been madi of prlwn 
plate gloss, or ribbed sheets In the form of skylights 
set In tbe veranda roof to direct (be daylight against 
the face of tbe building and luto the windows Glam 
with a smooth upper side and with prisms on Its lower 
face parallel hi the building woold direct eomddernbli 
mote light into these front room* than i* found at 
present Going a Httle further It seems reaaoliable to 
mo that uae could be made of translucent glass brick or 
glass blocks lu (be actual construction of a building 
Such blocks could readll) be made of a glass of phas 
lug color tints, Imperious lo weather and It la conceit 
able bow many beautiful effects could be worked Into 
apace* between pilasters, around domes, fries**, etc 
Many architects do not want to have thp exterior of a 
bolldlng made characterleto by the ou of many win 
dows. Glass brick, tinted the color of steoe, would offer 

a aoisttoo of nek a problem." 


For some time thereafter Rally doled out sums of two 
five or ton lenls and thou would vnmsh giving baol 
llu body to Miss Beauchamp 

For two years this extraordinary and almost in 
credible play ot comodv farm and drama of dlffcnn 
pc rsonalHioa in ono lmdv went on in alt< motion 

Mist lhauohamp was rn|xatcdly hvpnnti/cd by Dr 
Trim» and in tho rourw of time llu rr dnv elope il i 
half-hypnotin state m which there ins urrod a person 
ality different from the otlur three Hhe in this state 
bad a full knowledge of the events of tho past six years 
Sho now loomed to bo without tho morbid idealism and 
impressionability so strongly marked in tlu personality 
of Miss Beauchamp, and waa also without the mi Ian 
oholy sadness and we&nnen and wax lo* mrvous and 
humble bho waa light-hearted natural uud physically 
strong and possessed greater spontaneity and intellec¬ 
tual grasp This personality appeared to be the fusod 
personalities of Mist Beauohamp and tin Dovd a per 
sonoJity that had lost the morbid (motional idealism 
of the former and the impishness, tom|ier and willfulness 
of tho latter 

Naturally tho quoition arises ax to which, if any, 
of three personalities is to be regard id aa the real Miss 
Beaui liftmp Dr Prince answered this question by 
showing tho real Miss Beauohamp Is not the Miss 
Buou< hornp we met at tbe beginning of our rental, but 
the fused personalities of Mias Beauchamp and the Idiot 
be brought about and rendered permanent by hypnosis 
The personality of Mus Beauohamp aa we lint knew her 
was Uko the personalities of Bally and the Idiot, a dis¬ 
sociated or detached mental state, the other mental 
states being for tbe time latent or submerged What 
became of Bully/ The mental state represented by Bally 
seems to have been a subconscious state that bseame 
dominant because of the splitting of the primary self 
into two parts ono part becoming suppressed The 
union of tbo personalities of Mus Boauohamp and the 
Idiot gave nso to a personality of such potentiality that 
the porsonality represented by Bally was submerged in 
suboonsoiouimose The personality of tho real Miss 
Boauohamp after a period of vasodlation had continuous 
oxutenon, and Miu Beauchamp was thereafter a mentally 
and physically strong individual 

In the oase of Miss Beauchamp, it will be recalled that 
while Bally hod full knowledge of Miss Boauohamp 
and tho Idiot, tho Idiot had only a scrappy knowledge 
of Miss Beauohamp and no knowledge whatsoever of 
tho oxisteiHe of either bally or thi Idiot In tbe oase 
about to be referred to, tho secondary pt reonahty, un¬ 
like Bally, had no know lodge of tho primary state, nor 
had the primary state any knowledge of the secondary 
The sooondary personality curiously < nough, played 
pranks similar to thoao of Bally, but not upon her own 
person 

(2 o bo continued ) 


Preventing Soil Erosion 

Sou eiusl m is doing jtuuuiiw itaniige constantly and 
Aw pcopk I now how lo upplv picvintlvu measures In 
the annual n iwrt uf the Bureau of sulls of the Depart 
ini ut of Viniculture a simple method of handling one 
dues of Iiusloiw Is dcw-rlbcd Ibis In till caso wbire 
tin soil Is Ih lug washed awav lu guliltrx and the remedv 
Is to build a duui a, roes the Incipient gulltv through 
which a stw«i pipe w I Missel coiinci ling with an upright 
pipe sltuatnl hl the upper side of tlic dam Jbe hollow 
loimcd by the duui will flU with wulcr In flood condl 
lions until tbe lop of (he upright pipe Is reached whin 
Ihe evteas of wulcr runs off quietly into ibe next field 
i* into another Impounding since below Tbe cutting 
current of the draining water Is stopped and the oedl 
uieul carried b) It settles above the darn thus tending 
to rejsUr the damage previously done A suitable tile 
drain located under tbi dam will dispose of tho wattr 
Impounded Ih low the opening of Ihe upright pipe 

A Valuable Sub-Tropical Hay Grass 

At the third Intiroational Congress of Tropical Agri¬ 
culture attention was tolled to a valuable species of 
grass that baa been introduced into South Africa with 
remarkable suocess This is known a* Tell (ffragso»ai 
abate tniea) and is an annual hay gro.», particularly 
suitable ae a sununir catch-crop and a smother-crop fur 
weeds, owing to Its rapid growth when weather < audi¬ 
tions ore at all favorable It give* a heavy yield of 
hay of fine quality and high nutritive value more nearly 
resembling f nghsb meadow hay than any other bay gnus 
grown m South Afnta If sown with the early spring 
rains it has been possible to out three crop* of hay In tbo 
season, giving 2Jj to J ton* par at re, and to obtain 
autumn erasing from tbe aftermath 1 he introduction 
ot Teff gnu* into South Afnea ha* raised many small 
fanners struggling for a living to position* of compara¬ 
tive comfort and independence Thqy are unanimously 
agreed that this introduction alone ha* repaid over and 
over again the whole ooat of tha Division of Botany of 
the Department of Agnoultura from its inception to date 





The Pearl Fisheries of Ceylon 

How the Pearl Bearing Oysters are Gathered by Naked Divers 


Tbi finding of Urge aud valuable pearls baa been 
a matter of deep Interest to mankind f r centuries 
The Ceylonese fisheries which lad teen i era ted at 
Intervals since long before the Christian era are prob 
ably tho most ancient of these fisheries The most 
perfect pearl ever discovered In that region was bought 
In 1688 by the Bhsh of Panda for about 151000 from 
an Arab who brought it from Os Ufa a fishery op¬ 
posite Bbareen In the Persian Qulf Another mignlfl 
cant pearl—a black specimen—was told to a New York 
firm not many yean ago for about US 000 
The true pearl oyster known scientifically as Ueica 
print wurganti/era and belonging to the family Arl 
child* differs from the edible oyster In having a small 
Toot and anterior ad lector muscle a well-developed 
hyasus gland which secretes a bunch of libers by which 
the animal la attached to rock or stone and a thick 
•mother of pearl layer to the shell 
The Ceylon fisheries are operated on tanks covering 
an si tensive area off the north ooast of the Island 
Tradition has it that King Solomon obtained some of 
hla wonderful pearls from tbs Ceylon banks and even 
tbs pearls which Cleopatra dissolved and drank are 
credited with a teylooesa origin 
The banks most famous In past times lie close to 
the shore In tbe Galt of Manner near a place called 
Maiic hehukhaddl 

At one time when Ceylon waa under the Tamil pow 
er the pearl flaherles wore conducted freiuently and 
successfully They were watched over by a Tamil 
princaae who was carried to tbe end of the Karalttlva 
Point, and there enthroned until the fishery waa over 
to prevent robbery on the part of tbe divert 
One of the earliest mentions of pearl flaherlea In 
Ceylon occurs in the Ha Jamil chronicle (806 B 0 ) 
where they are spoken of as being located near Colom 
bo but they were unfortunately destroyed I y an lean 
dittos from the sea 

During tbe Portuguese control of the Island of Oey 
Ion there Is no record of any pearl fishing but during 


By R I Geare 

tbe 140 years It waa occupied by the Dutch there were 
at least four Important flaherlaa between 1762 and 1740 
In the course of which probably not less than a mllll i 
dollars worth of pearls were secured 
During the British occupancy of Ceylon which still 
exists tbe pearl banks have been under the Inspector 
ship of the Master Attendant of the port of Colombo 
while the government agent of the Northern Provlnu 
acts as Official Superintendent 
The oyster beds are formed by an amalgam of coarse 
Limits sand and old oyster shells cemented together 
with coral lime Here there la but little movement of 
the (and so that the oysters remain easily accessible 
but away from the beds the tend which Is loose la 
formed Into huge waves which hare tbe effect of cov 
ering up and destroying the oysters Immediately 
The life of a Ceylon pearl oyster Is not more than 
eight yean and from about Its third year it aeema 
to be most productive both la the number and (lie of 
pearls As a matter of fact very few 8 year oysten 
contain valuable pearls but when a bed of oysten Is 
fished just as they are dying off with old age the 
pearls obtained are liable to be many and large 
True pearls which are In fact, the result of a dla 
ease sometimes brought shout by the Introduction Into 
the shell of some foreign body such as a grain of sand 
an undeveloped %g a parasite, etc are formed In the 
tissue of the oyster and when they reach rath a else 
as to cause great discomfort to the oyster the latter 
either dies or forces the pearl toward tbe opening be 
tween tbe valves where It la retained by an absolutely 
transparent substance or akin and here It Increases In 
growth. 

Owing to tbe manaootu pearl fishing can be carried 
oil oolj In March and Apr il Dozing th# praoadlog fall 
or early winter (generally In Noramber) the Inspector 
causes some 30000 oyster* to be Ititad and if the 
average la satisfactory tbe fishery la ordered When 
the proper time arrival the boats each containing 
divers wh > work five at a time are rowed or sailed to 


the banka Fach pair of diver* has an attendant known 
a« a manduck The boat alsi contains a tlndal or 
representative of the owner of the I oat and a peoi 
a ho represents the loPresta of the government 

Tbe divers are allowed for payment one third of 
tho oysten taken while tbe government auctions off 
tho remainder on the beach the same evening they arc 
caught The oysters are then placed by the purchasers 
In kottus or lnclosnna and are allowed to rot for 
light or tei lays In s me receptacle—often a woodei 
nnoe—which la covered over t shade the figs ten from 
the son but permits flits to obtain free access as they 
assist In the process of rotting T ster the whole mans 
Is washed with dean water the ehelle stones and bvs 
hus (or green string like snbstanoe by which the oyster 
ittachei Itself to the rock) are picked out and the 
residua placed on long strips of black calico to dry 
During the drying process the whole mass la pi ked 
over and over again and carefully scrutinised for the 
smallest pearls 

In classifying the pearls a series of brass cullenders 
r baskets la used They are about the els* of an 
ash tray and are provided with holes which ar* of 
even also In each basket Tbe one with the largest 
rised holes has twenty of them while other* have as 
many as several hundred holes each By this method 
of sifting the larger pearls are readily preserved bat 
the tiny seed pearls are often accidentally left In large 
numbers near the oyster washing place and for a I m. 
time afterward men and women search the sands for 
these minute treasures 

Bead pearls it may be explained are chiefly used 
by Indian princes being pounded Into powder to form 
ahtmam for betel-chewing and they are also ex 
tenslvaly employed In embroideries and duster neck 
Uess. 

Tbs actual operation of diving for pearl oysten Is In 
this wise Wben the diver* are ready they climb over 
the ride of the vessel plaos os* foot on a large atone 
which Is held clear of tbe boat by two poles fastened 
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at right angles over tb* heath ride, and by a third tbe direr late go of the atone, which la then healed ap. of the sea, with back* arched and beeU a bore their 

pole which ilea parallel to the length of the reeoei and no aa to be ready for the next descent, and, swimming heads, while their long hair warn In a graceful map- 

la laahed to each eod of the other twa on tbe bottom, graepe all tbe oyster* within hie reach, ner and la upheld by the action of the water. A Tamil 

Qraaplng the rope which le atta ch ed to thia (tone When fall breath la nearly exhausted, the diver signal* diver remain* below from CO to 60 seconds, hot an 

and hitching orer hla arm tbe rope attached to the to be palled ap with hie baikot and riw* partly b> Arab can atay down from 80 to BO seconds, 

basket In which the direr places hie catch, he take* a hla own Initiative. Occaalonally the direr* are severely Diving bells were Imported Into Ceylon by Sir Kd- 
deep breath, doatng hla noatrlli with hla fret hand, and Ktnng by Jellyfishes, and sometime* they stay down wards Barnes In 1826, but they nor Kuropesos In a dlr- 

allgbtly raising himself—to add Impetus to his descent too long and, actuated by avarice or overestimating lug itrom can compote with the naked diver. 

-gtrss tbs signal to tbs “manduck" to release the rope their own strength, are brought np dead. When col The retch of one boat for a stweiwful week’s flsb- 
to which the stone Is fastened. On reaching tbe bottom lev-ting tbo oysters they seem to float on the bottom lug hIuhiIi! total about 180.000 oysters. 


X-Rays and Crystalline Structure* 

Discoveries That Assist in the Understanding of Theories of X-Rays and Light 


Two years have gone by since Dr. Laue made bis 
surprising discovery of the Interference effects accom- 
isuiytng the passage of X-rays through crystal*. The 
(denser experiment ha* opened the way for many 
others, and a very large amount of work, theoretical 
and practical, has now been done. As the preliminary 
exploration of the new country has proceeded, oar first 
estimate of Its resources has grown continuously; wo 
have learned many things which help ns to a better 
understanding of phenomena already familiar, and we 
have seen avenues of inquiry open out before us which 
as yet there has been little time to follow. The work 
Is full of opportunities for evact quantitative measure¬ 
ment!, where precision la sure to bring Its due reward 
There la enough work in sight to absorb tbe energies of 
many experimenters, and there is sura to be far more 
Ulan we can see. When we consider the wideness of 
the new field, the quality and quantity of the work to 
be done In it, and the Importance of the Issues, we are 
scarcely guilty of over-statement If we say that Lane's 
experiment has led to tbe development of a new science. 

The experiment itself, to put it very briefly, consti¬ 
tutes a proof that X-rays consist of extremely short 
ether waves. In order to appreciate the value of this 
demonstration, we must bear In mind the present con¬ 
ditions of our knowledge of the laws of radiation in 
general. Let us consider very shortly how the whole 
matter stood when the new work was begun. 

When X-rays were first discovered eighteen years 
ago It was soon pointed out that they might consist of 
electro-magnetic disturbance of the ether analogous to 
those supposed to constitute light It was true that tbs 
new rays seemed to be Incapable of reflection, refrac- 
tlon, diffraction and interference, which wore familiar 
optical phenomena. But It was pointed out by Bchus- 
ter* that these defects coaid be explained as natural 
consequences of an extremely small wave-length. Tbe 
positive evidence consisted mainly In the knowledge 
that tbs Impact of the electrons on the anti-cathode of 
the X-rey bulb ought to be the occasion of electro¬ 
magnetic waves of some sort, and In the discovery by 
Ilsrkla that tho X-rays could be intarlaed, which last 
Is a property also of light 

As experimental evidence accumulated, a number of 
results were found which the electro-magnotlc theory was 
unable to explain, at least In s direct and simple man¬ 
ner. They were mainly concerned with the transference 
of energy from place to pluee. In some way or other 
the swiftly moving electron of the X-ray bulb transfers 
Its energy to the X-ray, and the X-ray In lta turn com¬ 
municates approximately the same quantity of energy 
to the electron which originates from nutter lying in 
the track of the X-ray, and which la apparently tbe 
direct cause of oil X-ray effects. Experiment seemed to 
Indicate that X-ray energy traveled as a stream of 
separate entitles or quanta, the energy of the quantum 
differing according to the quality of tbe X-ray. It 
looked at one time ae If It mljht be tbe simplest plan 
to deny the Identity In nature of X-ray* and light, to 
describe (he former as a corpuscular radiation and the 
Utter ae a ware motion Otherwise, It seemed that the 
•lactro-magnatie hypothesis would be tore to pieces In 
the effort to bold all tbe foots together. 

But it appeared on a doe* examination of light 
rhwons also, though in much lea* obvlotu fashion, 
that tha vary same effects occurred which In tbe ease 
of X-rays ware ao difficult to explain from an orthodox 
point of View. In the end It became lore difficult to deny 
the completeness of the orthodox theory than the Iden¬ 
tity la nature of light and X-ray a Modern work on tbs 
di st rib ution of wtre lg tbe spectrum, and tbe depen¬ 
dence of speciflc bait upon temperature, baa also led 
In t h peod m tly to tha earn* point of view. It baa been 
urged wife grbat fores by Planet, Einstein, and others 

' * B*o4 Mfec* tb* Kara! Imttttfo* of Gnat Britain, Job* 
Khitldfe 
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that radiated energy la actually transferred In definite 
units or quanta, and not continuously; as If we had to 
conceive of atom* of energy ss well a* of atoms of mnt- 
ter. Let It be admitted at once that tbe quantum theory 
nud the orthodox theory appear to stand In Irreconcil¬ 
able opposition. Bach by Itself correlate* great wrlea 
of facts; but they do not correlate the same series. In 
some way or other the greater theory most be found, of 
which each is s partial expression. 

The new discovery does not solve our difficulty at 
once, but It does two very Important things. In the first 
lilacs, It shows that tho X-rays and light are Identical 
In nature; In feet. It removes every difference except lu 
inspect to wave-length. The question ss to the exact 
place where the difficulty lies is decided for us, we uro 
set tbe task of discovering how a continuous ware mo¬ 
tion, In s continuous medium, can be reconciled with 
discontinuous transferences of radiation energy Rome 
solution there must be to this problem. The second 
Important thing is that the new methods will surely 
help us on the way to And that solution. We can now 
examine the X-rays ss critically as we have been able 
to study light, by means of the spectrometer. Tbe wave¬ 
length of tbo X-rey has emerged as a measurable quan¬ 
tity. The complete range of electro-magnetic radiations 
now lies before us. At one end ire tbe long waves of 
wireless telegraphy, In tbe middle ere first the waves 
of tbs Infra-red detected by their heating effects, then 
the light waves, and then the short wave* of the ultra¬ 
violet At the other end are the extremely nhurt waves 
that belong to X-radlation. In the comparative study of 
the properties of radiation over this very wide mngc we 
must surely find the answer to tbe greatest quest Ion rtf 
modem physics. 

8o much for the general question. Let us now con¬ 
sider the procedure of the new investigations, and 
afterwards one or two applications to special lines of 
Inquiry. 

Tho experiment due to Lane and hla collaborators 
Friedrich and Snipping has already boon described In 
this lecture room and Is now well known. A flno pencil 
of X-rays passes through a thin crystal slip and Im¬ 
presses Itself on a photographic plate. Round the con 
Iral spot are found a large number of other spots, 
arranged In a symmetrical fashion, their arrangement 
clearly depending on the crystal structure. lane had 
anticipated some such effect aa tho result of diffraction 
by the atoms of the crystal. Hla mathematical analysis 
la too complicated to be described now, and Indead It Is 
not In any circumstances easy to handle It will be 
better to para on it once to a very simple metbod of 
apprehending the effect which was pat forward soon 
after tbe publication of Lane's first results I must run 
the risk of seeming to be partial If I point out the Im¬ 
portance of this advance, which was mads by my son 
W. Lawrence Bragg. All the recent Investigations of 
X-ray spectra and tbe examination of crystal structure 
and of molecular motion* which have been carried out 
since then have been rendered possible by the easy grasp 
of the iubject which resulted from the simpler con¬ 
ception. 

Let u* imagine that a suceewl on of wire* constitut¬ 
ing X-radlatlon fen* upon a plane containing atom*, 
and that each atom la the cause of a secondary wevelet 
In a well known manner, the secondary wavelets link 
themselves together and form a reflected ware Just so 
a sound wave may be reflected by a row of palings, and 
very short sound waves by the fibers of a sheet of 
muslin. 

Suppose a second plane of atoms to lie behind tho first 
and to ha parallel to It Tbs primary wave, weakened 
somewhat by pawing through the first plane, Is again 
partially reflected by tbe second. When tbe two re¬ 
flected pendlk Join it win be of great importance 
whether they lit crest to crest and hollow to hollow, or 
whether tiny fend, to destroy each other's effect. If 
more refloating plants are s up posed, tbe Importance of 
a good fit be c ome grantor and greater. If the number 


I* very large, then, a* happens In many parallel cum In 
optica, the reflected waves practically annul each other 
unloss tho fit la perfect 

It la easily seen that the question of fit depends on 
bow much distance a ware reflected at one plana loom 
In comparison with the wave which was reflected at 
the preceding plane ■ the fit will be perfect If the lem 
amounts to one, two, three, or more wave-lengths ex¬ 
actly. In Its turn the distance lost depends on tb* 
■pacing of the planes, tint is to nay, tbe distance from 
plane to plane, on the wave-length, and on the angle at 
which the rays meet the set of planes. 

The question Is formally not e new one Many years 
ago Lord Rayleigh discussed tt In this room. Illustrat¬ 
ing hla point by aid of a set of muslin sheets stretched 
on parallel frames. The short sound waves of a high 
pitched bird call were reflected from the set of frames 
and affected a sensitive flame; and he showed bow the 
■pacing of the planes must be carefully adjusted to tb* 
proper value In relation to the length of wave end tb* 
angle of Incidence, Rayleigh need the Uloetratloa to 
explain tbe beautiful color of chlorate of potash crye- 
tala. He ascribed them to the reflection of light by a 
series of parallol and regularly spaced twinning pianos 
within the crystal, tbe distance between sueceerire 
planes bearing, roughly, the asms proportion to the 
length of the reflected ware of light at tb* d l ete n ee 
between tbe muslin sheets to the length of the ware of 
aound. 

Our present phenomenon is exactly tbe same thing on 
a minute scale; thousands of times smaller than In tb* 
case of light; and many millions of timet smallsr than 
in the case of sound. 

By the kindness of Prof. R. W. Wood I am able to 
show yon some fine examples of the chlorate of potash 
crystals. If while light is allowed to fell upon one of 
them, tho whole of It Is not reflected. Only that part 
Is reflected which has a definite wave-length or some¬ 
thing very near to It, and the reflected ray la therefore 
highly colored. The wave length la defined by the rela¬ 
tion already referred to. If the angle of Incidence Is 
altered, the wave length which can be reflected is 
altered, and so the color changes 

It Is not difficult lo sco the anslngv between these 
cases and the reflection of X-rays l>> a crystal. Bup- 
pose, for example, that a pencil of homogeneous X-rays 
meets the cube face of such a crystal ss rockaalt Tbs 
atoms of the cr>stal can be taken to he arranged in 
planes parallel to that face, and regularly spaced. If 
the rays meet the face st tbe proper angle, and only at 
the proper angle, there Is a reflected pencil. It Is to be 
remembered that the reflection Is caused by tbe Joint 
action of a series of planes, which, In this esse, are 
parallel to tbe face. It Is not a reflection by tbe fees 
Itself. The face need not even be cat truly; It may be 
unpolished or delllieratel) roughened. The reflection 
take* place In tbe body of tbe crystal, and tbe condition 
of the but face Is of little account 

Tbe allotment of (he stoma to a series of planes 
parallel to tbe surface Is not, of course, the only on* 
possible. For example. In tbe case of a cable crystal, 
parallel planes containing all the atomi of tbe crystal 
may also be drawn perpendicular to a face diagonal of 
tbe cube, or to a cube diagonal, or In many other ways. 
We may cut the crystal so as to show a fee* parallel to 
any series, and then place the crystal so that reflection 
occurs, but the angle of Incidence will be different In 
each caw since tbe spa rings are different It la not 
necessary to ent tbe crystal except for convenience. If 
wave-length, sparing, and angle between ray and plane 
are rightly adjusted to each other, reflection will take 
place in the crystal Independently of any surface ar¬ 
rangement. 

This Is tbs “reflection" metbod of explaining llic La up 
photograph. W. L. Bragg showed In the first place that 
It was lagltlmatn and lu the second, (toil It was able to 
explain In the position of all tbe spots which Inns 
found upon bis photographs. Tb* different spots are 
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ri ruction* In different series of pit dm which may be 
Imisn to c>nUln the atom* uf the crystal The simpler 
concept! n led at once to a almpler procednre It led 
to the u nstructlon of the X ray spectrometer which 
resembles an ordinary spectrometer In general form 
except that the grating of prism la replaced by a crjstnl 
and the telescope by an ionisation chamber and an 
electroacofie In use a fine pencil of X rays la directed 
up>n the crystal, which la stea Illy turned until a reflsc 
lion lea pa oat and the angle of reflection la then meae 
ured if wo use different crystal* or different faces of 
the same crystal but keep the ray* the tame we can 
compare the geometrical spacing* of the varlons sets of 
planes If we nee the same crystals always but vary the 
source of X rays we can analyse the latter measuring 
the relative wavelengths of the various constituents of 
the radiation 

We have thus acquired a double power (1) We can 
compare the Interval* of spacing uf the atone of a crya 
tal or of different crystals along various directions 
within the crystal in this way we can arrive at the 
structure of the crystal (2) We can analyse the radla 
tlon of an X ray bnlb In fait we are In the same pool 
tlon ae we should have been It respect to light If our 
only means of analvalng light bad been the nee of 
colored (.lanes and wt had then been presented with a 
spectrometer or some other means of measuring wave¬ 
length exactly 

We now come to a critical point If *e knew the 
exact epactnge of the plane* of some one crystal we 
c aid now by comparison And lb* spacing of all other 
crystals and measure the wave-length of all X radla 
tlons or If we knew the exact value of some one wave 
length wo could And by comparimn the values of all 
other wave-lei gths and determine the spacing* of all 
cryatals But as yet we have no al solute value either 
of wave length ur of spacing* 

The dlfflcnlty appears to havs been overcome by W 
I Bragg a comps rim n of the reflecting effect In the case 
oT rocks*It or sodium chloride and svlvlne i r potassium 
chloride These two crystals are known to be Iso 
morpheme they most possess similar arrangements of 
atoms. Tot they display a striking difference both In 
the T aue photograph and on the spectrometer The 
reflections from the varlons series of plane* of the 1st 
ter crystal show spacing* cons nant with an arrange 
rnent In the simplest cubical array of which the small 
eat element Is s cube at each ori er of which Is placed 
the same group a single at >m nr molecule or group of 
atoms or mole ulea In the case of rockaalt the lndl 
cations are that the crystal possesses a atroctnrs Inter 
mediate between the very rimirie arrangement Jnat de 
scribed and one In which the smallest element Is a cube 
having a similar group of stoma or mtlecnlea at every 
< inter and at the middle point of each face The ar 
rangemsnt is called by cry stenographers the face cen 
lered culm The anhstitotlc n of the sodium for the 
lotandum atom mast transform one arrangement Into 
the other This can be dt ne In the following way If we 
accept various Indications that atoms of equal weight 
are to be treated as equivalent imagine an elementary 
tulie of the cryatal pattern to haie an atim of chlorine 
at every comer and in the middle of etch face and an 
atom of sodium or potassium ss the case mav be at the 
middle point of each edge and at the center of the cube 
We have now an arrangement which flta the tecta ax 
■ctl; The weights of the potaaalnm and chlorine atom* 
arc so nearly the same aa to be practically equivalent 
aid when the} are cmalderod to be so the arrangement 
becomes the simple cube of sylvtne But when the 
lighter sodium replaces the potassium as In rockaalt 
the arrangement Is on It* way to be that of the face 
centered cube and would actually become ao were the 
weight of the sodium atoms negligible In comparison 
with those of ehlorine Of course the same result would 
follow were two or three or any number of atoms of 
each aort to take the place of the single atom provided 
the same Increase were made In the number of atoms of 
both aorta We might even Imagine two sorts of groups 
of chlorine and metal atoms, ooa containing a prepcm 
de ranee of the former the other of the latter but eo 
that two groups one of each kind contain between 
them the mme pr iportlon of chlorine and metal as the 
crystal dote We mutt merely have two groups which 
differ in weight In the case of rockaalt and are approxl 
matilv equal In the case of evlrine But It was best to 
taki the simplest supposition at the outset and now the 
evidence that the right arrangement has been chosen ls 
growing a* fresh crystals a re measured For It tarns 
out that In all crystal* so ter Investigated the number 
of atoms at vs* point must always be the Mme Why 
then should It be more than one? Or in other 
words If atoms are always found In group* of a certain 
number ought n t that group to be called the atom? 

A* boob a* thi structure of a cryatal baa been found 
wc ran at obcp And by slmjde arithmetic the scale on 
wliiih ttjp built For we know from other aonrcea the 

right of Individual atoms, and we know the total 


weight of the atoms In a cable centimeter of the crystal, 
in this way we And that the nearest distance b et ws au 
two atoms In rockaalt la 2 81 X 10 1 centimeter* which 
distance la also the spacing of the planes parallel to a 
cube tecs From a knowledge of this quantity the length 
of any X ray wave can be calculated at ones aa soon as 
tbo angle of lie reflection by tbe cube face ha* been 
measured In other words the spectrometer has now 
become a means of measuring tbe length of waves of 
any X radiation and Urn actual * pacing* of tbe atoms 
it any crystal 

Prom this point the work branch** out In several 
directions It will not be possible to give more than one 
or two Illustration* of the progreM along each branch 

1 et ua drat take up tbe most Interesting and lmpor 
tant question of the characteristic Xray* It ls 
known that every substance when bombarded by elec 
trons of snfflclently high velocity emits X rays of a 
tuallty characteristic of the substance The Interest of 
ihU comparison 11m In tbe fact that It displays the most 
fundamental properties of the atom Ihe rays which 
each atom emit* are characteristic of Its very Innermost 
structure The physical conditions of the stoma of a 
substance and their chemical associations ire largely 
matters of the exterior but tbe X rays come from the 
Inferior of tho atoms and give us information of an 
Intimate kind What we And ls marked by all the aim 
pllclty we should expect to be associated with something 
so fundamental 

All the suitstancea of atomic weight between about 30 
and 1-0 give two strongly defined lines that la to 
say there are found among the Mnenl heterogeneous 
radiation two Intense almost homogeneous sets f wbvm 
lor Instance rhodium gives two pencils of wave leugtha 
approximately equal to 0 61 X lO 1 centimeter* and 
OB-1 X 10-* tenths tier* respectively Mere exactiv the 
f rmer of those ls a close doublet having wave-length* 
0B10X10- 1 nnd 0 014 X 10-* The wave lengths of 
palladium are newly 0 58 X 1<H and 0 FI X 10 * nickel 
100 X 10 • eud 1 00 X 10-* Lately Motveley has made a 
com] sratlve study of the spectra of the gr at maj rltv 
of the knran elements and has ah own that the two line 
spectrum Is characteristic of all tbe substances whoso 
atomic weights range from that of aluminium 27 to 
that (f silver 108 These \ rays constants there ls ■ o 
doubt whatever the characteristic ray* which Barkis 
1 ng ago showed to be emitted by this series of will 
si anna 

Now comes a verv Interesting point When Mosclev 
Mels the Increasing atomic weight* against tbo corre 
si ndlng decreasing wave lengths the changes do n t 
ruu ersotly parallel with each other But If the wave 
lengths ore comps ted with a series of natural numbers 
everything run* smoothly In tect It Is dvlons that 
the steady decrease In the wnve length is we pass from 
atom to atom of the series In the periodic table implies 
that some fundamental element of atomic structure Is 
altering by ejunl steps There Is excellent reason t 
believe that tbe change consist* In successive additions 
f Ihe unit clcctilc charge to (he nucleus of the atom 
Me an led to think of the magnitude of the nucleus of 
any element as being simply proportional to tbo mint 
her Indicating the place of the element In the periodic 
table hydrogen having a nuclear change of tne unit 
helium two and so on The atonic weights of the sne 
cesalvo elements do n t Increase In an orderly wav 
they mount by steps of about two but not very regu 
lnrly and sometimes they seem absolutely to get Into 
the wring order kor example nickel has an atomic 
weight of BA 7 whereas certain chemical properties and 
*1111 more lte behavior In experiment* on radio activity 
Indicate that It should Ue between cobalt (56) and cop 
per (0d8) Bnt tbs wavelength*, which are now our 
means of comparison diminish with absolute steadiness 
in tho order cobalt nickel copper mainly the atomic 
number Is a more fundamental Index of quality than 
the atomic weight 

It 1a very Interesting to find In tbe series arranged 
In this wav four and only four gaps which remain to 
be Oiled by elements yot undiscovered. 

Let us now glance at another and moat Important aide 
of the recent work the determination of crystalline 
structure We have already referred to the case of the 
rockaalt series but we may look at It a little more 
closely In order to show the procedure of crystal 
analysis 

The reflection of a pencil of bomogmteotu toy* by a 
wt of crystalline plana* occurs as already said at a 
series of auglM regularly Increasing giving aa wa My 
spectra of tba lint, second third orders and so on 
When the planes art all exactly alike and equally 
spaced the In tonal Um of the spectra decree** rapidly aa 
we proceed to higher orders, according to a law not yst 
fully explained. This Is, for example the Mae with the 
three most Important aotx of planM of sylrise those 
perpendicular to tbe cubs edge the tecs diagonal and 
the cube diagonal respectively An examination m the 
arrangement a t the stoma In Ae simple cubical array 


of Birina shows that for an thaaa sate tba planet an 
svanly qsuad and similar to amft other It is to ha 
remembered that the potatoum atom and the chlorine 
atom are ao nrerly equal to weight that they may ha 
ommldered effectively equal In tha aaaa of rockaalt 
the Mme may be laid of the lint two sets of planes, but 
not of the third The plane* perpendicular to tba cabs 
diagonal are all squally spaced but thay an not all of 
equal effect They contain alternately chlorine atom 
(atomic weight 885) only and sodtom atoms (atomic 
weight 23) only The effect of this irregularity on the 
Intensities of the spectra of different order* la to au 
hance tbe second fourth and so on to comparison with 
the first third, and fifth Tbe analogous effect to the 
case of the light la given by a grating to which tbe Hum 
are alternately light and hmvy A grating specially 
ruled for na at the National Physical laboratory shows 
this affect very well This difference between rockaalt 
and ijlvlne and it* explanation to this way ooostltntad 
an Important link to W Lawrence Bragg's argument as 
to their structure 

When therefore we are observing the reflection* In 
Ihe dlfforent tocee of s crystal to order to obtain data 
for the determination ot Its struct are we have more 
than the values of the angle* of n flection to help us 
we have also variations of the relative lntenslttM of 
tbo spectra In tbe case Just described we have an ex 
ample of tbe effect prodncod by want of similarity 
between the I lanes, which ore however uniformly 
spaced 

In the diamond on the other hand we have an exam 
I le < f an effect due to a peculiar arrangement of planes 
which are oils raise similar rhe diamond crystallise* 
In the f im fa tetrahodron When any of the four 
f*ce* of such a figure I* used to reflect X ray* It la 
found that the second older spectrum la mlnslng Ihe 
analogous ({Ileal effect can be obtained by ruling a 
(.rating so that a* compared with a regular grating of 
tbe usual kind the first and second fifth and sixth 
ninth nnd tenth Slot e are diawn To put It another 
nay two arc drawn two left out two drawn two left- 
tit and so on Ihe National Physical Laboratory has 
l tied n siioctal testing ot Ibis kind nlao for ua and the 
(ITcct Is obvious The r rrempondtag Inference In the 
( isc of tho diamond Is that the planes parallel to any 
t Irahedral face are spaced to Ihe same way as the lines 
>f the grating Fvory plane 1s three times as tor from 
Its neighbor on one side ns from Its neighbor on the 
'liter There ls only one wav to snango the carbon 
at m* f the ervHtsl so that this mny be true Bverj 
Ht m Is at tbe center of a regular tetrahedron composed 
t Its four nearest neighbors H n arrangement best real 
lred by the aid >f a model It Is a beadflfullv simple 
nd uniform arrangement and It ls no matter of stir 
I rise that the svrometry of tbe diamond ls of so high 
in ordei Perhaps we mav gee also In the perfect aym 
melrv and consequent iffutlveuia* of the forces which 
I lnd each atom It Its p)acc an explanation of the hard 
i ss of (he crystal 

H< n then we bnvr an t van | le of the way In wbhh 
l eculla rides of sparing cat U detectod There an¬ 
other crystals In which want of uniformity both In the 
xparings and In tho effective tains of tbe planes com 
I Ine to give cases still mors complicated Of these are 
Iron pyrites oaleite quartr and many others It would 
take too long to explain In detail the method by which 
the structures of n large number of crystals have al 
rendv been determined Yet the work dons already is 
only a fragment of the whole and it will take no doubt 
many venra even though our methods Improve as we go 
on before the structures of the most complicated Crya 
tala are satisfactorily determined. 

On this aide than we aee the beginning of a now 
crystallography which though It draws freely on the 
knowledge of tbs old yet build* on s firmer foundation 
since it concerns Itself with tbe actual arrangement of 
the stoma rather than the ojtwsrd form of the crystal 
Itself We con compare with tbe Internal arrangements 
we have now discovered the external forms which crya 
tala assume In growth and the mode* in which they 
tend to come apart undsr the action of advent* and 
other agents By showing how atom* a mugs and dis¬ 
arrange th*motive* under Innumerable variations of 
rtrou m o tonc M we unset C*to knowledge of tbs nature 
and play of tha force* that bind tba atoms together 

There Is yet a third direction In which Inquiry may 
be made though ae yot we are only at the begtontog ot 
It In the section just couaktored wt have thought of 
tba atoms aa at rest But they are actually to motion 
and tha petition of an atom to wlikfc wa hare raterrtd 
so frequently must be an arereca Position about which 
It la to ooostant movement Since the atoms an never 
exactly to their places, tba precision of At joint action 
on wWrit As reflection offset depends euffen materially 
The titeet la greater Ae higher the order of Ao epeo- 
trom When tho ciyutal under examination to oeo 
tsiasd within a suitable doctrio tenses and Ao atom 
vibmte more vtatoutiy through Ao tin of tereparefnre. 
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tbe lnteoriUsi Of all onion e tim ln l s h , but tboee of ponton tbo spae-lng between the plane* Increase?* and n« to atomic and molecular force* and aa to the 
blgber order mock more than times of krwar Tbe effect the angle* of reflection diminish an effect readily ob degree to which thermal energy la locked up In the 
waa foreseen by the Dutch physicist DeUJo and the veered in practice „t m „ w^iuna 

a moun t of It waa actually calculated by him on certain Ibis part of the work gives Information respecting Ihla hrkf sketch i f ilu pugum of the new ecJencc 
asoumptiona I hare found experimental retrain In fen the movemenla of the a to mi from their placet, the pie- hi certain direct 1mih U all that It. possible In the abort 
eral accord with tbla form ula In pausing It may be coding respecting their average positions It In Hurt lime of a single lertuic lul it mm serve to glte some 
montlanod that as the crystal expands with rise of tem like the other to be of much amlstanco In the lmjalr) Idee of 11m fasduatlon aud possibilities 


The Geology of the Yellowstone National Park 

A Striking Topographical Structure and a Complete Geological Problem 

By Carl Hawes Butman 

In the year 1873 ( ongren set aside a tract of land mthe there are evidences of plant lift buried under 3000 feet minutes for s |<n<x) f ah ut 1 mmulos shooting ibi 

the northweat oomer of Wyoming for the benoflt of man- jf volcanic material water column al ift ftr 12 r t or more feet and turn kept 

kind and the preservation of the natural wonders of the In Tertiary time* the n is supposed to have existed a to its schedule since ilu discovert m 1H70 One gcolugikt 

oountry This bee amu known aa tht Y< Howstone Na large volcano names! the Sherman and of whioh Mount has estimated its flow at 3 000 barrels per eruption 

tional Park and was the first tract thus m t aside for this Washburn is a morn recent orate r the bursting forth of Although the park s vol< an «s are cxtim t the steam 
purpose It include* some 1340 square miles but in which caused tho destruction of the original orator of fountains which still exist are dependent upon the heated 

relation to the whole of Wyoming it appears on the map the older volcano Recent eruptions and erosion* have iw ks and gasoe far below the surface which ruse the 

as a misplaced postage stamp whu h like many stamps so destroyed the early volcanic flows that it is difficult temperature oT the pen olatmg surfer e water* under great 

overlap* the letter by extending a little way into both to identify the ancient andesitic lava whioh waa after pressure and oause them to return to the surface with 

Montana and Idaho Following the precedent thus es- wards submerged by immense quantities of rhyolite to tremendous energy often bursting out in fountains of 

tablished 40 years ago Congress has since established a thickness of nearly 8 BOO feet In fact nothing else hot-water and steam Other thrones a* to the origin 

eleven smaller parks in various places where the public remains to be seen but rhyolitic rock except the mineral of geysers havo been advanced that they are oauned by 

might find recreation and where tho wonders of nature spring deposits and the remains of the early crater nm chi mical action or burning coal but of late scientists 

therein might lie preserved from desecration on Mount Washburn Another source of the rhyolite havo shown that geysers and hot-water springs are only 

From the point of view of the geologist Yillowstonn fl iws is supposod to have been Mount Slundan in the found in regions where volt awe rook abounds and the 

Park Is in a way unique Its central plateau with thi southern part of tlie reservation whuh towers to a funeral lonrlusion points out that the steam source is 

adjacent mountains presents a sharply dnltnod region hoight of 10 ISfi feet and offers a remarkable view or the still hot lava deep within the earth 
contrasting with tho rvmamili r of the n rrthorn Rocky the v ibann region strep lung across the park from cast The ascending steam and hot-water have caused great 
Mountains a striking pioii of topographical structure t> west 1 lie deep gorges of tho Yellowstone Gibbon geological changes in tho surface rooks through which 
and a complete geological problnin 1 he central portion and Madison Rivers havo not w irn through this ire men (hoy havo paused aa may to seen at many points in 
consuls of a broad elevated irregular plateau of volcanic dous thickness c f rook and only m tho Grand t anyon the pork espe lallv in the (.rand Canyon of the Yellow 

origin some 40 miles square cxtcndiug letwccu 7000 of tbe Yollowstono are the ancient andneilin breccias stmc where the walls are c dored for throe rules below 

and 8 BOO feet above sea level and surrounded on the exposed beneath the rhyolites while nowlcro are the tho Lower Kails bv this action Fully 1 000 feet of the 

north northwest soul b oast and northeast by mountain sedimentary beds revealod I he central plateau in wall from tho brink to the wate r below is decompose d 

ranges the peaks and higbc st points of wine h extend up eludes the flm st example s of structural forms crystal rhyolite varying in hue through orango red purple and 
ward like a gigantic wall fcr 2 000 to 4000 feet more liration and mode of origin of amdic lavas varying from yellow Here too tho ancient steam vents may be 

lust smith of tho pork the libras the highest aud a neartv holoerystallme rook to pure volcanic glass that iliwried while at the hottim of the canyon there are 

grandest peaks ui the norlhora Rocky Mountains stand can lio found in the world steam vents h it springs and fumarolci. whioh are still 

out prominently butemlvllu outlying spurs onu. within hollowing Ike rhyolite eruption there came a period active 

the limits of the park proper These mountains are f faulting and displacement succeeded by eruptions Besides enabling the scientist to study the old vents 
oomposed mostly of enarst cry stallinc gne uses and clu'cts of Iwaalt which however deposited but a thin layer over aud the discoloration of the walls the Grand ( an von 

prolnbly of Archean age abultc d on the northern spurs the rbvohte and did prac lieslly nothing t i c liaoge the iffers a line example of erosion e e nduclod on an unmenso 
by upturned Paleosuio strata physu d aspect of the country The glacial action which sale within recent geological times and its course was 

(hi the eastern edge of the park the Absaroka Range won occurred nevertheless carved out the early drain obviously determined bv the easily eroded decomposed 
stretohe s from the north to the siutb where it connects ago channels cut fforgas Into the rhyolite lava andshaped ro ks caused by tho ascending steam and hot-water 
with the northern end of tho Wind River Range For ilu two volcanoes into their present form Traces of the mentioned abivc The two falls erf the Yellowstone 
more than 80 milos this range prose nts a bold unbrokc n nnc lent glai lore arc to be found m arly every where tape- offur another feature of interest t > the student sme o they 
barrier along tho eastern side of tho park its highest dally in the sov eral mountain ranges while in the letons present a graphic example of the wearing effect of water 
peaks towering 10000 or 11000 feet aloft there exist to-day glaciers nharaotcnslii eg tho anmmt upon the rockv walls and hed Ihe Lower Falls ore 

At the northeastern eonicr of the park an irregular mass grand system which extended over the cntiro plateau the larger hang 308 feet in sheer drop 
of mem a tarns joins the Absarokms with the Snowy Range Fresuon continued the work of Ihe glaeie ne in remndelmi. The Mammoth Hot Springs are located 4 mile* south 

whnh forms the northern boundary of the reservation the pork surface and this aoti in has earved aimo that of tbe northern park entrance at Gardiner and lure also 

with lta rough auow-oovercd ehvations The rocks time the deep gorges, of tile Madlaon (lihhon anil Yellow is situated the hotel of that name together with the armv 

of the southern alopoa of the Snowy Range whiohextcnd st me livers veritable oanyuna cut to a depth e f nearly post Southwest of tlm hotel is lirrae e M mntain an 

into the pork are es imposed mainly of granite gneiss j WO feet and several miles in length outlying ridge of the rhvolite plateau whi h is covered 

and shift, while their sedimentary beds belong to the Mue h evidence of tho great glacial a> ti n is still at with tin k bods of travertine deposited h> the hot water 
proA ambnan aorlea hand the valley of the lower Yellowstone River is strewn in the form of terraeos fr >m which thi mmntain dev- 

Fneloamg the park on the northw stern corner hes with rska brought by the glacier from both tbo east mos its name Tbe deposits of the hot springs at Ibis 

the Gallatin Range ae paratod (reim the Snowy Range and went borders of tbe park One example of the plae e arc far difTe rent fr >m those up m the plateau Here 

era thn east by the valley of Ihe Yellowstone River II tremendous force of tho ice floes of the early turn* u. a they are marly pure travertine with true* of silica 

la a beautiM mountain range presenting divopeiflnel great gramtn bowlder (about 20 feet in diameter) I rought analyses indicate about 97 per cent column earbeinate 

forms as well aa varied gt ologie al problems Its crown down and deposited on tho brink of tlio (I rand ( anyon while on the plateau the greats r port of the deposits are 
ing glory Bloc trio Peak 11 100 feet in height and It u completely isolated from its fellows and quite 30 of win e mis sinter called gey sente This variation 

incidentally the tallest peak in this region gets its name miloe from where it must have been transport! d The is cm ae count of the fact that the Mammoth bpnngs are 

from the magnetic diaturbane os discovered by the first glacial action took place sinec the travertine di posits formed by steam ooming up from far below thr >ugb the 
explorers to carry surveying instruments up its slopes of the hot springs wen formed This is shown especially water of the Mcaozoio strata the ( retaoeous limestones 
Aw important part of the Gallatin Range is formed of at Terrace Mountain near the Mammoth Hut bpnngs furnishing the Umo held in boIuu m and deposited on the 

Arobean gneueea covered with a semes of limestone whe re the travertine oovenng the rhyolite plateau is surface as trave rtme while the mineral constituents of 

sandstone and shale beds both of the Paleoxoio and strewn with glacial bowlders brought from the Gallatin tho plateau waters are derived mainly from highly ae idle 
Meaoooie eras, representing Cambrian Sdunan Devon Range some IB miles away inchoating that the travertine lavas carrying only a small portion of lime 
■an ( arboniferons, Trustee Jurassic and Cretaceous is older than the gUrner The tarraoee of the Mammith Hot Springs present the 

periods luge-— of lptrosive rooks closely allied Probably the moat interesting feature of the perk to- appearance of banks of lee and mow with irregular 

with tbe sedimentary bedi have taken an important part day is the senes of hot-water fountains or geysers which basins of water m their gkmmenng stepped terraces 
in creating the present structural features of tins range ooour in three print iple localities Komi Lower and Among tho important ones are Minerva Cleopatra Hy- 
They are of the andesitic typo and cover a broad range Upper Basins and include 16 33 and 4> geysers reapeet- men Pulpit Jupiter and Mound Terraoo* while tbe 
of mineral oompouUon including pyroxene, hornblende ively The first group u located on the Gibbon Canyon springs which flow into and over them are named JupiUr 
and hornblende-mica Road about JO miles south of the Mammoth Hot Springs Duma Palette Naiad anil others 1 he coloring of thi 

The gnaws! region of the perk was at one time sub- The second about 20 miles farther to the south near the spring waters here is marvelous in its harmony and 

jested to wim dynamic action which affected all the Fountain Hotel, is 7 340 feet m altitude and largest of brilliant tints md is due to Algae whu h grow in he i 
rugM at about the time, and probably occurred the three basins but its individual geysers are scattered water up to a temperature of about 186 deg Fahr 
daring the latter part of the Cretaceous period although over a considerable area and not as available for m- Many of the springs present the appearance of boding 
the work of mountain building seems to hare continued spec bon The Upper Bonn offers the most interesting caldrons of water although this is not tho case the 
into the Middle Tertiary psiod During the Utter and largest fountain* The Giant Gevser whnh plays bubbles bung formed by escaping earbemie-aeid gas 

p e ri od th e siteef the perk was torn up by volcamo action every seven or twelve days for about an hour is the Yellowstone Park with its many geological formations 

vUeih continesd t* a Ireer extmt through the Pliooens largest of the perk geysen rinoe the Excelsior of the itie ancient volcanoes lava flows hot springs and g ysen. 
and into the Quaternary periods All suoh action has Lower Basin oeaaod to play u 1888 It shoots a stream presents a wonderful natural laboratory for tl e geologist 
l o ng bit tK » v olcanic mob* remain offering of hot-water and (team to a height of between 200 and as well an the ehemist Its formatiem date * hae k to that 

mash in Waiting Information They comprise three 260 feet Another famous geyser of this basin u Old of the < entral talde laud of the e online nt aneljcl hanges 
groups w hioh succeeded cash other andantes with ha- Faithful situated m the southernmost part at an altitude are still going on within Us limits though not as aetively 
ssjlS, rityoHtsee, and basalts Probably the andesitic of 7,300 feet This geyser has tbs reputation of main as heretofore which make it an ever interesting problc m 
flrapti o ns e e ptinued V thn greatest period of time smee taming a regular schedule as it plays every 60 or 76 for the seimbst 
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Purification of Water by the Ultra-Violet Rays" 

Principles Underlying the Most Recent System tor Destroying Germ Life 


It In a matter >t common knowledge nowaday* that 
the ultra violet ray* have a strong bactericidal power 
Within the laat few yearn thin power of annihilating 
microbes by ultra violet rays haa been applied tor tree 
lug water of germs and a new lndnatry haa aprnng np 
which i reduces water purifier* that make nee of thin 
mw principle to stcrtltae water for drinking and othei 
I on sea As thin system la being applied soecceafullv 
to large water plants. It U of Interest for the profee 
atonal water engineer to be fully Informed on the prin 
tlplia underlying this most recent system of water 
I urlfication. 

I be treatment of water by artificial light sources for 
the impose of drelruriug lh girui lift tales back t 


By M vou Recklinghausen, Pli D 

i jwpuou of strong light sources we owe to XTueen who 
In hla famous light healing establishment laid the foun 
tatltn of our modem knowledge of the action of light 

I I II I III IIDHIIIII 

tig 2 —Spectrum of quart* lamp and of sunlight 

1 germ life As you will remember the practical 
it suit of this wink was the Introduction of the light 
liLatment of ceitaln disease* by the ilnaen lamp We 


dtately to the conclusion that nothing must be In the 
water to Intercept the ran, that la to ny tbara must 
not ba any suspended matter in the water In the 
shadow of which the gum would be protected from the 
rays emitted by the lamp 

aounon or uliua violet lmht 
Practically every souros of light emit* soma lnvlalbls 
ultra violet rays together with the visible ray*. Thta 
cad be studied by dissolving the light Into Us compo¬ 
nents by means of a quarta glass prism. Our human 
eye will ere on such a spectrum only the well known 
colors of the rainbow It will not see the wave-lengths 
bolow the red nor the wavelengths beyond the violet 
however the latter can be eerily demonstrated by car 




ilg 3 —hceonds necessary to Itill different types of germa at 2M millimeters from a quarts lamp 
bunting at M volts, 3 5 amperes 


Downs and Blunt (1H7S) They foui I that the shorter 
the wave hngtha of the light (he belter the bactericidal 
action and they weio torrobc rated in this later on by 
Declaim Arlolng Roux tietaaler and others We owe 
to Dnctaur the theory that sunlight Is the must coinmoi 
and cheapest disinfectant known 

Marshall Ward (186-.) completed these Important 
studies by aualyzlng the effect of arc spectra thrown 
on Infected agar plates whutver they were struck by 
vklet and particularly bj ultraviolet rajs they wen 
disinfected and did not develop colonies ibis English 
s 1 nttat sterilised Thames water by placing It in a 
tank equipped with a quarts wlndiw and submitting It 
It the rays of an arc tami Thta was proponed ugalu 
later on by Lambert 

The first complete analysis f thta bactericidal phe 

* Paper read before the America Wat r Work! Aazodatton 
Annual Convei tloo at Illladelpll ail lit listed In Itn 



activity of 2M volt quarts lamp burning at dlf 
rcrcat voltages by three methods 
— il c posit) n or llrete of Oliver I k. o poollt i of 
■I I sitae f ai nlbllati o f bacterium oeli. 


lad howiver t await the arrival of really powerful 
s uicca of ultra violet rajs before applying light prac¬ 
tically aa a bactericidal agent for the [urlfication of 
voter 

This new source of ultia violet rays was the mercury 
aic lamp built out of quart/ This mercury arc owes 
Its origin to the work of Mr re ter Cooper Hewitt 
lisulting In the well known C ooper Hewitt Illuminating 
lamps When the ordinary glass of these lamps ta 
nplqied Iv quartz glass that In to say foaed rock 
<r>Ntal we obtain a container which allows the greatest 
urn unt of the ultra violet rajs produced by the mcr 
cury arc to le sent out from the lamp 

1 he first to prtpose the ail ill n of the mercury arc 
for the i urlfication of water was De Mare Hla star 
lllzri consisted of a lamp around which the water flows 
In u circular i ith (Pig 1) Some years later and 
nooily Ntmultaie unit different ways of constructing 
wattr sterillrerN with mercury lamps wen tried tut 
nnd this work has reunited In the Installation of several 
ling and i«ry maty small ultra iInlet raj water 


tali iropertles they have for example certain dye 
•duffs show a fluorescent color when struck by the ultra 
violet rays also many chemical and physical reactions 
will take place under the influence < f these ultra violet 
i ivh and pn ve their preseme in the spectrum thereby 
rhe artificial sources <f light which are richest In 
ultraviolet rays are the electric arcs between metal 

II •diodes for instance the Iron arc mercury arc etc 

III such arcing between metala la accompanied by dlaln 
til,ration of the metal* themselves therefore the elec 
trjdis have to be renewed from time to time In the 
case f men nrv this renewing cun be done In the slm 
I lest and easiest manner nanulv by condensing the 
mercury escaping from the arc and leading the so con 
densod mercury back to the electrode contained Of 
course the arc in this case has to be Inclosed her met 
li ally in a container so as to avoid loss of mercury 
The material we cboeae for making this container must 
lc cf such a quality tbat the desirable ray* are not held 

t| thereby hut on the contrary arc allowed to escape 
fre*lv Thta material for the arc c ntilner ta fiwe<l 



uiliMtsd zone. rxperimeati pt Heart. M tti w, and Tw Back- 

If we couaMeT the tatter point find we come lmtoe- tlagkaaaee. Lever figure Ap p ar atus at Wsgtaf. 
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rock crystal, or move properly u p r w urt , fturt quarto. 

For a given amount of electrical energy pot Into thla 
arc, ncfa a quart* arc lamp win attain a oartaln tern 
para ton dapendlng upon It* radiating capacity that la 
to say on it* aha pa and surrounding*. We hare found 
that the amount of ultra violet rays produced by such 
a quarts lamp la oonalderably more when running at a 
high temperature than whan It la run at a low tam 
per*turn The production of ultra violet rays la there 
fore the more economical the higher the temperature 
of the lamp Hite high temperature Is obtained by 
railing the voltage of the lamp (Fig 4) We an how 
ever limited to a certain temperature namely about 
800 deg Cent by the fact that quarts If maintained 
for a long time at a higher temperature will devitrify 
becoming thereby more or leas opaque to the \Hble and 
Invisible rays emitted from the arc \s In a water 
steriliser we naturally want to approach the lamp as 



Figs 8 and • —Experimental apparatus used by 
the writer 


close as pomdble to tbo water we must bo careful to 
consider wliat baa just been said about temperature and 
prevent the water from cooling the luminous part ren 
dering It therelij Inefficient in Its production of ultra 
violet rays 

PMYSIOAI CUABACTEUSnCS Of I LISA VIOLET LIGHT 

the ellier vibration can be distributed In four groups 
according to thilr wavelengths namely (1) the dec 
tin rays (2) the Infrared rasa (3) the rave of the 
visible spectrum (4) the ultra vinbt rays 

Between the last electric raw und the first Infra ted 
rays exists prolwbly a Moup of still unknown qualities 
All these lavs travel at the same speed namely 300 000 
kilometers per second Ihc wave lengths an as follows 

1 Electric wave* (JIerts 188H) from aeveial Hlo 
meters down to 1 millimeters 

2 Infra red rays (Ilenchel 1800) from «0 dowu to 
O 78* 1 

3 Visible rays (Newton 1000) from 0 70* dmn to 
0 40« 

4 1 Kin violet rave (Killer IS02) from 040* down 
to 010* 

We ate interest! d l< day In that last named group 
number 4 namely the ultraviolet rava whoso upper 
limit la morn or less vague (Fig 2) It Is sometimes 
placed at 03000s howevor even shorter waves can be 
noticed by tbe eye although not directly but only bv 
the fact that the crystalline In our eyes becomes fluor 
earent giving thereby Impression of gray on tbe retina 
If people therefore have sometimes thought they were 
able lo hoc ultra violet rays they really cnly saw then 
own crystalline Ihc lower limit of OKI* o f the ultra 
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Fig, 1*.—Urge Mperlmeatal apparatus designed 


violet rays was obtained by Bcbumann and Lyman by 
working In vacuum with fluorspar prisma. However 
these very abort wave lengths do not come Into conald 
['ration In our ease because a few millimeters of air 
absorb Lompletilv tbe wave-lengtbs below 0100* and 
several centlmeleia of air abeoib tbe wave lengths 
below 0 1800* Havers] kilometers of air absorb tbe 
ultraviolet from 0 2843* down This wave-length la 
therefore the shortest of the suns wavee leaching iur 
eye and therefore the ultra violet contained In the sun » 
ray* are only the wave-lengthi between 010* and 
02843* 

Quart* the only material which we uu apply for our 
lamps absorba practically everything below 0 20* 
therefore we may say that from the ultra violet rav 
i ffldency point of view It does not matter Tory mui h 
whether a quart* lamp U surrounded by a thin layer 
of air or by vacuum Glass absorbs ultra violet rays to 
on enormous extent as may be seen from tbe fact that 
the bactericidal power of a quart* lamp Is cut dow n to 
1/1 000 If tbe lamp la surrounded by a glass tube 

BiCTCUnDAL FOWL! Or ULTBAVIOirr HAVS 

It was of Interest to see whether different microbes 
had different resistivities against ultra violet rays In 
the same way that they are different against dlain 
ft aunts and heat, and we come to the astonishing result 
that they do not vary anything like as much For 
Instance spores are often twenty times as resistant as 
the unprotected forms of germs against chemicals We 
And that some are only lfi to 8 times as resistant 
ngainst ultra violet light as ordinarily unprotected 
water bucterta The table on page 10 (Fig 7) shows a 
u mpuilaon of different tvpe* of germs In their reslstlv 
(It In each case under similar conditions cultures were 
nmdi and the free germs put In clear water care being 
tnkm however to avoid clnmps of bacteria and also to 
■ void the presence of the nourishing medium for >tbcr 
nine the vcttoh would bavo been protected m ri or leas 
against the rays 

It hat sometimes born thought that the bactericidal 
atllnn of the nitn violet rays was due to n small 
am tint of hydrogen ncroxtde which Indeed firms 
llaelf liv the exposure of water to the ultra vlnhl rays 
However this formation la so mlnule that it la barely 
m tlceubli Hfter ten hours exponnre of the water and 
we ean surely my that the batferiiIdnl effect Is tut due 
to the actl hi of tbi so formal disinfectant hut Is a 
specific tvplcnl a el Inn of Ihe ultra violet rays on the 
germ Tt 1* i ot 111 civ that 1v the ait Ion of the nys 
(luring such n nh It pill (1 the enflri bacteria sh old 
lie chemically changed c ngulatcd ir otherwise m ill 
fled bm It Is more probable that some fetment tr 
similar product anlalcol In tlu cell Is modified hv the 
rays and thereby pi Isons the svstcro of the cell 

We have often been asked whether the Lena* atinck 
bv the light raiv n I lie simply stunned and mav «mr 
vivo ngnln nflerwniils In answer to this I wilt say 
that Ihe methods of making Ihe munis In 1 ur>|i would 
enable one to And nut whether tin re Is any reviving 
These counts extendid oVLt a period f nsimlly fifteen 
days snd never have shown nnv Indication of revival 
qt AttTrroHrray or iitia vioirr avia 

The luminous power of light sourcis is usually mess 
ured by compering them with standu 1 1 mps The 
moment that the light one wants to measure has a color 
iHfferent from the standard lamp great difficulties arise 
baaed on the fact that we do lot really compare tbe 
two lamps physically but only physiologically 

Tha dilflcultv of determining the ultm vtolrt candle 
power of a lamp Is far greater again as wo ire not 
sensible to these rays at nil To get some Idea of the 
strength of ultra v Inlet source we have therefore to 
create new means and units of comparison Many dlf 
forent chemicals and physical reactions Inks place In 
the ultraviolet light One mav therefore base a mean 
ure of the ultraviolet candle-power on the speed and 
strength of such a reaction The most typical and moat 
convenient reaction of this kind Is the blackening of 
photographic paper We have found that a mercury 
quarts lamp will blacken paper about four tlnu s as 
quick as tbe same lamp screened behind a glass plate 
An ordinary aenaltometer can be built embodying this 
principle. Another reaction of the ultra violet raya mav 
be considered by comparing the arannnt of duo eecenee 
produced by tha lamps bat both of these methods of 
measuring will only allow ns to compare light sources 
of similar composition They do not give ui what Is 
realty moat intonating for us namely a mea rare of tbe 
boftertoUal power iff a lamp and wo therefore thought 
It best to adopt a real biologic teat for the measure of 
the abiotic strength of quartr lamps There remains 
therefore nothing for us to do but to establish a stand 
ard source of ultra violet that la to sav a laboratory 
standard c om poaed of a certain lamp wblcb la so kept 
that It 1* most unlikely to change in candle-power and 
compare the action of Oils lamp with the action of the 
lamp ooa wants to OMaaure on one and the tame enl 
turn of germs. Tha way w« proceed 1* ns follows We 


make a c ulture of puramedes which are very simil a r In 
thc-lr smsltivlty to ultra vlolat raya as ordinary water 
I u cretin As a matter of tact they will stand about six 
times tbe exposure that bactirlum coll will stand, as 
1 Ig 3 shows 

Jhe sensitivity of such a culture Is determined by 
c m otduL a drop of !l hi i deflued distance from the 
lehvratorv standard iuuiu lamp Another drop of It la 



leg* 1) end 12 — typical apparatus thal stirs 
water bung trraltd between successive Illumine 


c\| sod at the sem llslanct t > tlu lamp one wauts to 
mi mure nud tin tlm nreLssaiy for kllUiig gives tin. 
lidlcatluu of the. lelective value of ultra violet candle 
power We 1 eve li sell pamucslns because I boy are 
ihhIIv obseive 1 in lei a mbicecepc haring a rather 
violent uiotl>u while alive mil naturally no motion 
when dead A ft vv t nervations will therefore give ua 
within a fe w mil ule s a definite, lib a f the bactericidal 
power one wants lo measure 
1 miiy say that we have checked figures so obtained 
with the effect on e II eultmes and can set the rebv that 
wo linvv a fairlv safe pioctss f r diItrmtulng by tom 
part son the ultra vlilvt candle tower if a lamp 
With all that «e maj sav that tbe attieui un photo 
gi iphlc papers In lu most canes a precise enough lndl 
latlm of (he ultra violet candle power aa may ba seen 
from Fig 4 

It Is natural Ibat tht eluelrlc characteristics of the 
liuefs fir these measures ore checked up bv the usual 
elesfilral Instruments Indicating tbo amperage and volt 
i„c >f the lamp 

nrvKicaiivAT or THr siuiuzina aipasatus 
1 he experiments w e made at tbe Sorbonne laboratory 
in well ns the experiments of others working In this 
11 lei were started bv exposing polluted water in con 
l li rs t > tbe light of tbe quart; lamps These expert 
meats albwed ua to get dita for the construction of 
steilllil/ig apparatus where the water was eltculating 
e iillnnnllv through tbe lllumln tied tone 
As (.sampled fe r the simplest f ren of apparatus 1 will 



*• Mir aai ebcakta tha water. 


Figs 17 and 14 —Showing pistol lamp applied 
la flumes 
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in nil n tlie sterillxlng tank which we D*«d In onr pen- 
llmli in\ ixiierimenti (Fig 01 and Nogler (Fig T) and 
Hi (in irlslamptn (letK-llscbaft (Fig 0) In nil at 
ll i h x|a rlnirnlh the water wan simply passed In a 
tmUi ll w uubiunth or aionud the source of the 
nil in (lolit light Ho f und thi results with this type 
r | |MirutiiH ti Is lrrigular nod came to the condu 
h| i that this wiih One to the fad tbat the water 
ilrli ugh char still rontnliieil w me microscopic sns- 
I■ i lit matter wlikli whin Ihi water was flowing 
sliHiglit woull ill w mlirilHM lu he shielded 
W i thin fore unaldered It advantageous to expose 
tin wntir a second and third time to the light after 
IihiIi u Mlrred It between lllnmliuillons In thla way we 
xiiectdl in turn over such microscopic particles and 
haw tl i m therefore exposed on all sides to the action 
f t be lamps A typical case of such apparatus was 
used b> ns In ixierlmeata at the Horbonne, and Is 
shown In (hi ill sign Figs 8 and 0 The water |a a 
similar an trains of oonslderablv larger die (Fig 10) 
flowed Uir tu.li f nr Illuminated rones and stirred Itself 
up th 10111,11 Its it w n round the bends of the canal be 
tween tin Inmin us / men The results were very satis 
Atctorj hs wt 11 m d sterilised in from about B000 
terms pir mill inllmilir down to leas than 10 per 
cubic ccnllnicli i Hie i nsiimpllon of electilc energy fir 
the lamps being at the rate of 144 kilowatt hours per 
million gallons Ihi submitting of the water to sucies 
give lllumlnstl iis and stirring up during Illumination 
ran also be dom with a single lamp liy so airouging 
baffles that thi water Is lid senral times toward and 
away from the soutoe of the light (Figs 8 and 0) 
Typical apparatus of this kind la shown In the B2 (Fig 
11) and CJ (Ilk 12) apparatus. Tha former appa 
ratna H2 type uses only perhaps one fourth of the light 
emitted by the lamp However the apparatus Is easy 
to handle and of a ami 11 slxi 
Tbe Ot apparatus was constructed In a somewhat dlf 
ferent wav with a view of using o greeter proportion 
of ultra vlolit Hie lamp was piolected from contact 
with the watci bv Inserting It Into a chamber fitted 
with quarts windows which ch unlier was submerged in 
the tank containing the wntir Ihroi contacts of the 
water with the light are obtained In this apparatus 
It was desired to so t nihtruil the lamps that praitl 
rally ill their light could entir Into the water and exert 
Ita stmt]bring action Ihi si lulled pistol lamps which 
have a U shaped lumlm ns tnl t (Fig IB) allow this to 
be realised the luminous part tiling Inserted Into quarts 
tubas which protect them fiom contact with the water 
(hlfpi 13 and 14) Much pistol lamp equipments mu be 
Inserted inti flumes through which the water flows and 
give the water senral successive Illuminations (Figs 
n 14) The msestan stirring action In the wntir Is 
obtained bv lailfle plates placed In Ihi lamp axis 
whereby fairly vlilint stirring Is taking place mai the 
lamp 

The largest lump unit made so far Is tin BOtMnll 28 
amperes platol lamp and a maximum number of ten 
such lamps an liuuitld Into h single flume 

As in the di pfh nf the water lu sterllliliig apparatus 
the n lii all> the best will he u tery great depth or the 
watir We hove observed strong bactericidal action 
11 to through three feet of venter the ratio being prac¬ 
tically as mav be expected Inversely as the square of 
the distance tbat Is to any for Instance one ninth of 
Imeteriridsl action at three times the distance Cslcu 
1 itlon and practice have shown us that It Is good to 
I tovldo If p salhle two fiet depth nf water In larger 
iiliparatus Of course lu apparatus wurklug with water 
width la blghlv colored this d«pth may he reduced as 
llicrwlse It would make the apiwralUH unneceiwarll) 
inmltranme 

Ihe whole system having been developed abroad It Is 
nlv natural tbat there are considerably more such 
li si (illations In Furope than In this country Small 
li si all ill na are used for producing water for drinking 
an 1 surglial pur pi act In hospitals, schools etc also for 
I lining purposes Ihe first large lnatallstlin of a (1 
np] n tins (rate of 1B0000 gallon! per dsv) lias been 
running slure Mvimhcr 1010 In a mibuih nf Rouen 
Ihe hvgliolc results fr m this plant are ierv satlsfnc- 
tirv tnh Id In I la dlstrlei fed with Ihi water from 
this | Unit being eellucl while It exists still lu the sur 
i< milling illstrl Is which ins similar water without 
ultraviolet rav iuilocation 
A plant viJlli four 220 v >lt i lstol lamia hoa been run 
iiing for di er a vcor lu Balnt Walo sterilising the water 
at a rate of 7VI000 gallons per twenty four hours 
Many U mi intns are running in I ranee, In some 
in mu tw i btliih iiiii In seilev, with alwaya very gratlf} 
h g results 1 hr largest sterilising unit composed of s 
dual with t i VlO volt pistol limps In sterilising the 
wfUrfortbi IIv of I uucvllle trance (Fig 16) This 
supply consists >f 1800 000 gsllons of river water and 
870000 gallons of spring water Tha water In this ease, 
which In Ita raw state la extremely noddy and rich In 
colloidal matter Is filtered through a rough and slow 


mi ml filter without the addition of coagulants, at a rats 
or about 7 000 000 gallons per sere In csss off a biolog 
leal filtration this type of water would have to be 
Alta ted at the rate of 2 800 000 gallons pa sere 

On account of some turbidity and also an often deep 
(ohr of the filtered water (up to 40 U 8 standard) 
Oils plant has an exceedingly high current consumption 
nrani) U0 kilowatt hours per million gallons, during 
iii Ht of the time two thirds of this consumption would 
11 ample 

Ihe first application of ihe nltra violet ray system for 
stirillring water on a large scale lu this country was 



Htmtid recently In hew Tork where thi water of a 
swimming pool Is continually being circulated through 
n rapid filter and h xterlllxlng flume equipped with two 
-20 volt pistol lamps the flow being shoot B 000 gallons 


As mentioned In the theoretical part the ultra violet 
rays must be able to strike the microbe where any 
suspended matter la Interposed the bactericidal action 
cannot take place because the microbe Is In the shadow 
It la certain therefore that only clear water ran be 
submitted to the ultra violet ray treatment for Its star 
Dilation That la to say In most cases It la necessary 
to filter the water before thi. same la submitted to the 
action of the lamps As color In solution will absorb 
ultra violet rays to a certain extent It la evidently bet 
ter to also free the watt r from coloring material before 
submitting It to the rave 

The question of suspended matter In the water Is of 
somewhat greater Importance 8ometlmea water with 
little suspended matter may be more difficult to sterilise 
than water with far more suspended matter The rea 
son for this Is that It will depi nd rot only on the slxe 
and quantity of the suspended matter but a too on ita 
biological quality That la to say Huspeualona of purelv 
mineral nature which do not Inclose any microbes and 
to which fpw microbes an attached handicap the star 
Dilation of ihe water very much losa than suspended 
|Mrtli lee in similar wafer which are heavily covered 
with microbes snd portlcnlarlv so If microbes are 
Ini lowed In these l* rtlcli 1 I ires use It to thin moat Ukelv 


Fig 15.—SterDJxJng apparatus at LumtUIs, 
France, Is which ten pistol SI* volt lamps spirals 
os one 1.590 95* galloM of water a day. 


that a repeated exposure to the rays will be necessary 
11 penetrate to the inclosed germ Ufe 
If the suspended matter Is of smaller rise than the 
germs like colloidal clay we expect such turbidity to 
act more or lees tike color In solution demanding aim 
ply more Illumination than dear water Experiments 
made with one of the R2 apparatus on water allowing 
up to 20 turbidity seem to prove tbat such fine turbidity 
dura nut handicap sterUtaation very much 
From the economical point of view the condition In 
which the water la submitted to the rays la evidently 
of great Importance for the nltra violet rays sterUtaa¬ 
tion system Physically Ideal watpr, that la to ray, 
water without mapeoded matter, tvttdlty of color, win 
need very Utile power in ultra-vtoiet rays to btotne 
sterile In large plants BO kilowatt boon per 1 ttUUoa 
gallon will p r odaee a great onr i n la ultra vtoiet 


■nailer laetaltationa are eanhmd usually with 
charnel or paper Alton. U large plants naturally the 
filter question to ah engineering proportion, eo to Ihe 
question of chafes between mechanical and sand Alters 
It mhos that If tha totter are choeon they can be 
■peeded op to a greet extent as against the speed for 
biological duration end still give e physically pme 
enough water for ultra vtoiet ray treatment aa for 
example tha LoneviUe plant where the water is filtered 
practically at three times the rate of biological Ultra 
lion fra that particular kind of water In other plants 
the filtration has been speeded up to 10 000,000 gallons 
to 12000000 pUona per acre, and we even tried with 
fair success 28000000 gallons per acre followed b) 
ultra violet ray treatment. This will, naturally always 
depend on the Durability of the water 
Operating costs will vary with the rise and the run 
ulng hour* of the plant, and the ooegMeni of tafety one 
wants to give to the ultra violet ray treatment Accord 
lug to the quality of the water I expect In large plants 
the current consumption will vary between 00 and 120 
kilowatt hours per million gallons allowing for a large 
safety coefficient The labor charges are negligible as 
the apparatus only needs an occasional cleaning and 
starting of lamps Apert from thla, the lamps have to 
lie repumped and repaired from time to time 
In any engineering proposition we alwaya try to 
adopt as large a tafety coeglrfoaf as possible. If we 
rely on chemicals to disinfect onr water we most work 
right close to and sometimes even over the limit of the 
amount which will not make itself objectionable bv 
producing taste and odor In the water 
In the ultra vlolLt rays we hare a a] stem where we 
may choose oar tafety coefficient at high at aver we 
liked that la to aar we may over dote our starlltaatlon 
aa much aa we want without creating any objectionable 
features in the water Ilka taste and odor 


The PbotokuIeMograph* 

An Apparatus for the Prod action of KaMdoseopk 
Pictures 

Thb kaleidoscope has not been used exclusively as a 
plaything for children. It has furnished many patterns 
for woven fabrics embroideries carpets and oilcloths 
The combination of the kaleidoscope with the photo¬ 
graphic camera has often been attempted but with 

In the last few jeara my attention has been drawn to 
these matters In the course of my professional work for 
the Carl Zeis* Opthal Company We received a com 
mliadnn to construct a kaleidoscope of prectalon After 
overcoming certain difficulties I succeeded In producing 
the Instrument herewith Illustrated which dan bo used 
either for direct obsirvallon or for photographic repro 
duction of the kaleidoscopic patterns 

In tbto Instrument a solid glens prism takas the place 
of the two Inclined mirrors nf the old Brewster kaleido¬ 
scope The faces of the prism pro cut accurately to the 
prescribed angle polished and silvered The prism Is 
protected from Injury bv covering It with strips of 
black glass cemented to Its faces lbe ends of the 
prism are cut perpendicular to the axis and polished 
and the prism is Inclosed in a brass tube from which 
Its ends only protrude 

The tube Is mounted vertically above the hortoontal 
photographic plate measuring IS bv 18 centimeters 
(about B by 7 Inches) The photographic lens to secured 
to the lower end of the tube. The distance of the tube 
from the photographic piste Is adjusted to produce a 
Hharp Image and this distance la fixed by means of a 
■top-ring surrounding the tube Several tubgs of ex 
tetiv the Same diameter containing prisms of different 
sixes and angles are provided and can easily be Inter 
changed 

The object, which Is to prodoae the photographed 
kaleidoscopic pattern by Internal reflection from the 
fares of the prism to Itself a photograph on glara 
which la pressed lightly, with the film aide down, on the 
upper end of the prism, to which a drop of oil has bean 
nppUed. The picture to usually larger than the aee 
tional ana of the prism but only the part Included In 
that ant to reproduced and repeated on the photo¬ 
graphic plate beneath The Illumination to furnished by 
a mercury vapor lamp provided with a ray Alter which 
transmits only the light ctf one of the violet mercury 
Unee. 

For the observation and selection of the patterns an 
IneUnsd ptone mirror to placed between the tone and 
the plate holder This mirror reflects the kaMdoscoplc 
Image to a ground glass screen which ran be observed 
by several person* at ooos If it 1* derided to photo- 
gnph the patten, the mirror, which to mounted on * 
bocteontel axis, to tuned into a position tot vhtah It 
emfludai light gutortag through the grout glass eat 
•Bows tha ran from the toms to fan om Iks pheto- 
r»l*to Ptote the minor la fhetaM ta (Me jtotetfcn 

•naastatoifNm^t FaltoUfe*arttoto«TMe testatesT” 
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daring the sxposar* of about one minute. It is then observation of kaleidoscopic combination! For this be so so that the prism cuu sluud erect on a table over 

turned back to lta former position In Which It exclodoe purpose a apodal obstrvlng lens Is substltutod for the u drawing wlin.li In Illuminati 1 bv llhht • iitirlng the 

all light tram the plate and again reflects the Image to camera lens The other cod of the lube la IHUd Into n prism laterally fi in nl c 
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Fig 1 —The Photokalridograph 

the gionnd glass (ihc entrance of light through the 
ground glaia can also be prefvented by closing a allding 
shutter at sheet metal beneath the glam ) 

Detail* of the picture may be traced on the ground 
glass screen This device Is often useful for Lbs pur 
pose of oombtnlng several kaleidoscopic pictures A 
great variety of photographic transparencies may be 
used as objects but photographs of othi r kaleidoscopic 
patterns are especially sultalle 
Lach of Iht prlsum enn also be used fd Ihe direct 
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big 2—Diagram of the photokaleldogrsph 


Fig I —Photographs of kaleidoscopic patter 


The Stars Around the North Pole' 

The Determination of Their Proper and Irregular Motions 


A gitowuME of dlatancts of the stars la of funda 
mental Importance In any attempt to describe Lbs itsl 
lar universe It 1* required before answers can be 
given to questions on the avenge distance* of stars 
from on* another their brightness compared with the 
son, and the extent to Which they reach In space There 
si* not more *»■■" 100 or lflO star* of which the die 
lances have been measured with any degree of accu 
racy Although this number la being ateadlly Increased 
It Is only ths stan which are comparatively near to the 
sun which can be treated individually For the gn star 
number ws have to be content with average values 
which apply to group* of stan 
A map or a photograph of the stars gives only their 
bearings, that 1* to say their direction* as seen from 
the earth It give* no Information whatever about the 
(listspoe * On* star may be a hundred times aa tar 
away as Its neighbor on the map But If two map* are 
made, separated by a euJBdsat Interval of time, aom# 
dtflenaces wfll be found In the relative poeltioua of the 
ttam. qfrme i ndicate movement* either of the stars 
theewelsee or of ths point from which they are viewed 
tent the mov enm ut a which are obearved an merely 
«d*em Mtv«na et thT Beytl IsstltuSe* by Or r 


ihunges of angular position Wo iwunot tell dlrecllv 
fiom them either the actual illinium or dlsluwes of 
the stars but only the ratio b<tween these quantlllis 
It Is however from the geometrical study of these 
small angular motions supplemented l> tin Informs 
tlon obtained from the spectroscope as to the velocities 
of star* In the line of eight that our km wledge of their 
distances Is derived 

The problem Is In man* wets analogous to >uc which 
has been completely soiled lu the tarli days of as 
tronomy the movements of tho wandering stars ir 
planet* were noted. The essential characteristics of 
tin movements were embodied In geometrical formula 
b> the 0recks In the course of time ( opernlcu* showed 
that these formula could be most simply interpreted on 
the assumption that the earth rtiolied around the 
sun Ills purely geometrical arguments were It Is trut 
powerfully reinforced by the revelations of Galileos 
telescope Nevertheless tht planetary aistem as foi 
moisted by Copernicus aud Kepler resulted from the 
observation of the angular movements of the planets 
and the attempt to give them the simplest possible 
geometrical Interpretation 

Farther study of the planetary system has lieen 
lidded and controlled by the law of gravitation Bat 


I be ibservutlonal data in whl h i 
km wledge of the soln svstim Is bn 
•d/cs, and movements of all 11s men 
Strips of meesiirtH of I be hhruIi r ui 
fr m Ibe laith 1 Imar meisuiinu 
qulred to 11 lain tb< f im and dimeiu 
list If aud thus aui |H n bow Hut 
•wale of the system 

The flxtd stum (restit ns with n v 
km (rom tlie stmly of tlulr sin ill an 
supremeiit<d b\ spcctroscuilc ilstr 
qulred to nustiucl as far as pisslll 
akllar universe such a m vdil it i 
slur 

(1) Its acliittl pualllin In a|iui in i 
exes with the sail us origin 

(2) The \elirilv In kllimilir* u i 
thine directions 

(8) The bright lit so or lumlnislty I 


i Mans it Is re- 

ii model of the 
1 gin for each 


1 lug II 


unit 

(4) The mass 
(6) The site. 

(6) The physical and chemical constltutl u 
Of these elements the mass Is at insiut only deter 
mlnable for double stan and tlie site for eclipsing 
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\urlullrs Tha physical and chemical c on atltutl o n are 
km mi from sputrosciiilc observations for a conaldei 
illi number it stars But the distance and abeolnli 
i ilgl tiuiw can Ih found onl\ for a limited number ot 
tlu uearehl slnit \mium lemiltt. cun however la 
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I Ig 1 —Determining proper motion ot atari 

btalued foi thi men distant Htare which tell ue 

(1) The number within certain limit* of dlstaim 
from the eun 

(2) The mean velocities of thane a Lara and what 
|iei uutage are inuring with given velmltlea nay for 
example botwien 10 and JU kilometer* a second 

(II Whet hi r tbeae velocities are Irregular or show 
any thing In thi nature of atroamlng In particular 
directions 

(4) What pr ipurtlon of the atari are comparable 
with Uu. aua In lotrUulc brlghtoaa and what propor 
tton are Uu llmee or one tenth as bright mid so on 

SihIi a description t the stellar ay atom N to a large 
extent within the powers of aslrouumen and we nurse 
the perhaps extravagant hope that ginerallxatlon* will 
bo (Uncovered which wUl Had to the formulation of 
dynamical hears on the constitution of the stellar 
uidverse 

A small area round the p ilu baa been chosen as a 
sample because this pert of the sky has been observed 
ini n fully Uian any other of equal extent It forms a 
Mum 11 cap extending to a distance of 8 degrees fiom the 
pole and c vuiug about 1/lflO of the whole iky In 
the year lHBT»-lsfi<J Carrington an I ngllah amateur 
astronomer will known from bis observations of snn 
hjkSh using a very small transit Instrument observed 
the positions of all the stars In this part of the sky 
from the brightest down to very fnlnt stars between 
the tenth and eleventh magnitudes lie thus con 
stmeted a catalog™ giving with great accuracy the 
positions of 3 TOO stars for tha year 1KBB About tha 
year 1800 those stars were re observed at Greenwich by 
a combination of visual and photographic observations 
By comparison with the positions as given In Carring 
tons Catalogue the angular movement of each of these 
3 700 star* In forty live years la detr trained Idem* 
angular movements or proper motion* as they ari 
technically called are the data available for obtaining 
the actual positions end movements of the stars In 
a puce We have to solve the geometrical prebltm of 
making these stars stand out In three dimensions so 
that we nmy nee them ns we sec a picture In a stereo 
scope 

Now lhe proper motions of Btara arc very small 1 he 
star of largest proper motion moves only R70 seconds a 
contury An Idea of the small news of this motion may 
be obtained from the fact that It will take two cen 
turles to move a distance equal to the apparent dlarn 
eltr of the sun or moon Ttnro ts no star among those 
neat the north pole with a lroper motion so great aa 
line lhe following table gives an abstract of the 
l nipt r motions of the 7 728 Stan under consideration 



It W dear that the elan with large proper motions 
must either be moving fast or must be comparatively 
near J bese are the alternatives but for an Individual 
star It Is Impossible to decide between them 
The table shows how largely the propor motions of 
stars vary In direction They differ lust as widely In 
direction Some signs of Irregularity In the directions 
were lint detected by Sir William Ilencbel, who found 
that the movement of seven quick moving star* ritu 
ated In different parts of tha sky was approximately 
directed to one point lie observed that this would 
result If the* proper motions arose not from the move¬ 
ment of the stars thataaalvaa bat from that of tha point 
of observation In an opposite direction, and oonotoded 
that the solar system was mortal toward a point ta the 


i mediation Uercubw This conclusion was not uni 
itraellv admitted for some time but researches by 
\rgilamlei Airy lluoel and others demonstrated a 
ngular drift among the stars such aa would arise If on 
their otherwise Irregular movements were superposed 
this common motion A large number of researches 
huvL been made on the exact direction of the sun ■ mo 
Utai and It Is now established with some certainty that 
It Is toward a point In right an en alon 18 hoars and 
declination 86 degrees north not tar In direction from 
the bright star legs The speed of the suns motion 
through apace has been determined by spectroscopic 
ibaorvatloos On the average stars near Vega appear 
to be approaching tu stars in the opposite direction to 
be receding from us In this way Prof Campbell has 
found from the observed velocities of 1,000 atari that 
the solar sy*n ra Is moving at the rate of 18 8 kilometer* 
n second 

rht fact that thi, sun is moving with a velocity of 
19 A kilometers a Hocond In a known direction supplies 
us with a mean* ot determining the average distances of 
group* of stars Jhls velocity carries the sun forward 
In a contury a distance equal to 412 times the sun s dla 
lance from lhe earth If at the beginning of the cen 
tury the sun Is at S (Fig 1) and at the end has moved 
to A thi angular distance of a atar situated at P and 
haring no motion of It* own will have Increased from 
ASP to ASP The difference of these angle* which la 
lhe proptr motion of the star Is BPS and It follows 
thnt the distance (RP) cun reedllv bo (ledneed Wi 
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I If 3 —The distribution of the angular and linear velocities of the stars 


iniinot hovuvir gay that any Individual star la at rest 
but If we take a sufficiently large group of stars It Is 
legitimate to suppose that In the average the peculiar 
movement! of the separate stars are eliminated and 
I ho mi an distance of the group can be Inferred. 

During the last twenty or thirty years tha proper 
motions of many a tars have been determined by the 
comparison of modern with earlier observations. Par 
tleularly the reduction by Dr Auwcra of Bradley a ob 
aeirations made In 1760 led to the ai turtle determine 
tlon of the angular movements of the brighter star* 
lhe proper motlona of fainter star* havo been found by 
comparison vrtth observations made In the first half of 
the nineteenth century These have all been utilised to 
determine the direction and angular amount of the 
drift produced In the stats by the motion of the solar 
system through apace lhe results were very putallng 
liecauae different mathematical methods and different 
groups of stars gave widely different direction* for the 
solar motion The cause was discovered about ten years 
ago by Prof Kapteyn who found In tbs proper motions 
of the stars another Indication of regularity, or psrhape 
It might be called a systematic Irregularity smaller 
than the one discovered by HerscbaL but unmistakable 
when once pointed out Be Interpreted thsss systematic 
Irregularities to mean that the stars are divisible Into 
two groups streaming through one another in opposite 
dlreottooa In space Prof Kapteyn a discovery has been 
submitted to mathematical analysis by Prof Editing 
ton and Prof. Bcbwarsechlld Their researches have 
Illuminated the whole subject of stellar motions, and 
though they are not In entire agreement, they leave no 
doubt of the existence of a preferential mefficient 
among ibe start toward the north part of Orion and the 
diametrically opposite direction In the constellation of 
the Serpent. 

We must next consider the motw pec uW or w t he 
Irregular movements of the stars ths aa s l vso. From 
observations of the velocities of stars in the lint of 
sight, especially from those made at the lick Observa¬ 
tory under Prof Oempbetit direction, it ta known that 
a tew stare art moving with great velocities, such as 
100 kllcMtan a eeoood, whOe others are storing vary 


( ompailaou with the third column of the table shows 
that the velocities are distributed In accordance with 
the law of error* The law la Identical with that found 
by Maxwell for the velocities of the molecules of a gas 
In the case of a gaa this distribution of vslodttas 
results from tbe frequent collisions For the stare there 
la no evidence that It has resulted from their Inter 
action It must be regarded aa an observational tact 
which permits ua to say that thi distribution of the 
veloettlee of the stare ta stated concisely by this simple 
mathematical formula 

lhe three movements—the movoment of the solar 
system In space the streaming of lhe stare, and their 
Irregular movement* are all nhown In their proper 
motlona. The figure (token from a papt r by Mr Jones 



Fig 4 —Dtatributio* ta (balance of tbe star ta Car- 
rtagtea'a catalogue. 


—Monthly Notices of the H A 8. vol lxxiv, p 186) 
exhibits the proper motions of aome ot the brighter 
■tare situated near the north pole If the stare bad an 
been placed at tbe origin they would In a oentnry have 
spread out as shown In tbe figure 
This spreading out has been reused by 
(1) The solar motion which his shitted the eel 
of gravity of the swarm toward ISO degrare 
(8) Tha peculiar motions of tbe stare tbamsel 
which have vread out lh the directions toward 

(8) lb* streaming In tha direction of 0 degree to 
deg re ss, wht*. whined with the peculiar motion 
made tha s j wadtag out meh greater in thta that 
the pstpaotohur dtrretiore uirnjuutmm 


i I! ?*!* 
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streaming happeua to be in Utt direction of and oppo- 
■dta to the solar motion 

Let us now consider the proper motion* of the 8 TOO 
■tan observed hy Carrington in the light of those dis¬ 
covert*. rhe shift of the center of parity censed by 
the solar motion U 144 Meonda a century As we know 
how fitr the sun has mowed in a century this gives the 
■retags dietsnoe of these stars ss fifty million times 
the distance of the sun from the earth fuming now 
to the proper motions in a direction perpendicular to 


ptruUarct of the stars themselves. Counting these 
cross ptopcr motions we find them divided as shown in 
table III 


When suitable allowance is mode for the accidental 
error in these observations, it la found that the number 
less than any given amount t can be represented b) the 
following algebraical formula 

3 700 V (^1 17-1 

Ihe dlslilbutlou ul the aukulai velocities is shown In 
big d (A) the total number being represented by the 
area of the curve the number for urample between 
2 seconds and J seconds a century Is given by the 
nbadud portion 

Now suppose that all these stars weie actually mov 
lug with the same velocity, say 10 kilometers a sevuud 
thin their distance could be calculated those wltlr 
pmper motion 1 second a century being folty million 
times as distant as the sun those with proper motion 
l seconds a century twenty million times those of 4 
seconds a century ton million limes and so on the 
huger the proper motion the nearer the star to us 
this la only an Illustration the velocities of the 
sure are not all the same bat are distributed accord 
lug to the law of errors If the distance of each star 
were known then by dividing the velocity by the dls 
lance the proper motion would be found We have to 
Und how many are at one distance how many at an 
utber so that the proper motions will lu distributed in 
accordance with the law found from the observations 
Mg d (U) shows the distribution of linear velocities 
the shaded portion for example giving the proportion 
moving between JO and 40 kilometers a second Now 
tiro distribution of angular veluutiee la shown Ur (A) 
and the question arises How must the stars be dls 
tribated in distance for these two laws to harmonize I 
This la a mathematical problem which can be solved 
fairly easily and the answer is that the stars must be 
distributed In distance according to a law shown 
graphically by the curve in Mg 4 (1 lie distribution of 

velocities 7- e* 1 '' dt combined with the distribution of 


proper motions -^1 + leads to the partial dis¬ 

tribution ia'AVe * *' r ‘dr) 

lu the diagram distances are measured hoilaoutaliy 
the trult of distance being that at which a stars par 
alias is equal to 1 second (or 200 JOB times the distance 
of the earth from the sun) It is convenient to have 


Pm tec, suggested by lrof -Turner, will be adopted 
With this unit a distance of 100 lu the diagram denotes 
twenty million times the distance of the sun from the 
earth lhe following table gives the percentage of stars 
between certain limits of distance 
Tabu IV 


It follows that 68 per cent of the stars lu Carring 
ton ■ Catalogue that is, bS per cent of aU the start 
brighter than about 10 0 magnitude, lie between 20 and 
100 million times the distance of the sun from the 
earth. This law of the distribution of the stars is it 
first eight rather surprising It should be remembered 
that the only stars at a great distance which are lu 
eluded an those which are intrinsically very bright, 
and these form oily a small proportion of aU the stars 
Prof Eddington bos found that a similar taw holds for 
■tan brighter man 0 0 magnitude 

Hawing found the law of distribution of the dls 
turn* of then atari, it Is not difficult to determine 
w—shout their absolute luminosities, 1 e, bow 
they mild oompor e with the sun in brightness if placed 
at an equal di s tance from us. 

It tti mb were at a distance of one porrec, It would 
appear a* a bright star, brighter than the lint magnl 
tfifr entnUly Of -.gniHMU an, if at a distance of IOC 
portals, Us magalta** would be IQS. Now all the stars 


lu Unrlugtiua Utiakieuo may be taken as brighter 
than 10 S inagultudt thus at least 96 per cent of thtw 
stars aie intrinsically biightu than tiro sun and ut 
least SO m 1 cent are foul times us bright 40 per clui 
are sixteen times us bright and s per cent are fifty 
times as blight 

Me miry conclude that the steal majority of tire slurs 
bright 11 than 106 magnitude ire lntibislcally brighter 
thau the sun and a cuusldet tile ir prrtl 11 very much 
brighter 

ihe distribution ut blight and falul Muis lu a glim 
tolumu of spueu Is quite dlfioiLiit und cumulus a mu b 
huger pioptitiun of faint stars If we make tin iih 
sumptions ibaL the density of the slurs and the propui 
tions of bright and faint ones Is Lhe saino ut tim 
dIJIcrant distances from tin sun within which these 
Can lug tim stais arc situated It is posslLle to find the 
actual number >f stars of different luminosities lu a 
given volume of since In a sphere with radius Its* 
paraocs, or twenty million times the distance of Ihe 
earth fioiu Lhu sun thcio aic at least 


lhe data only admit of a tough determination of (he 
nuiubei uf vtry fatal stars and the number of very 
bilgbi ones ihe figures give a general Indication of 
tbe deuslly of the stars In space and of Ihcli Intrinsic 
brightness ami setve to direct attention to Lhe fact that 
there aic many stats much less luminous than the sun 
und u certain piupoiliuu very much more luminous 
lhe conclusions drawn up to tills point have been 
lascd enthcly < u u cuusiderutlon ot the pr per motions 
of the stais Irrespective ol vvhtlhii they ure bright or 
faint provided inly Ibat they an sufficiently blight to 
have been observed by Carrlngluu llut as the apparent 
magnitude 1 f a slai depends on its distance us well us 
on Its Intrinsic I rightness we naturally expect some 
assistance lu assigning the dlstancis of these stars from 
tbelr magnitudes lbe brightest star In this small area 
louml tlie iiui Ur pole Is loluiis the magnitude of which 
Is 2 (It may be lemaiked Incidentally that tho distance 
uf tile puls still has been actually measured It is 
twenty 1 arsees or foui million times tho distance of the 
sun fiom Ihe earth and if It were at the same distance 
us the sun It would appear to be 100 tlmis as bright ) 
then theie are about twenty atari which are visible to 
the taked eye ihe following table gives the actual 
numb, r of stars of different m ignltudes (photographic) 


Then again tbe stirs may he dlvldid into groups 
n coord lug to tbe 1 by slial Untrue terlutlca 1 evented by lbe 
spectre scope lhe rescarcbts uf Kaptiyn Campbell 
and otbera have shown—at any rate for the brighter 
stais—remarkable relationships la tween the distances 
und vi loci ties of lhe stars and the ty|e of spectrum 
which they manifest. It Is thervfi re desirable to ex 
amine tho propor motions of stars of different spectral 
types separately ihe spectra uf many ibeusauda of 
stare hare been determined at Harvard College undei 
lrof ticketings directiiu liy Hiss 1 aunun ihe dif 
ferei t (lasses are Indicated lu the Haivard classifies 
tlon hy the letters K A k (. K M with further sub 


01 ding to tbo color index tbe parallactic motion 
tho mum ungutai movement per century arlalng 
m tbe motl 11 f the null III tough h|w« Is del < 1 mint d 
each class I he results 11c crhtllted lu the M 


s mi what cooler and redder those In the last lit« 
h tlei and bluer lbe last tine Includes a few but onlv 
u few b stars as them are not many In tbta lart of 
lire aky ihe yuan titles In the fourth and sixth columns 
f 1 hi table are a gage of the distance of the stare 10 
which they refer It 1* nly necessary to divide these 
into 6 7 seconds which Is the angle through which a 
star distant 1 lareec w uld have lieeu displaced In tin 
soliir mutton In one hundtid years to obtain Ihe dls 
tanus lu parsecs Thus the 2H> stare belonging t> 
types A k and brighter than P 6 magnitude are at an 
uvurage distance of 170 1 arsees 
The first point to nothe Is (bat parallactic motions 
f Mars fainter than Jfi magnitude art always cousld 
11 ably less than the corresponding quantities for stare 
I lighter than 9 S magnitude 1 his Is of course beetttut 
tli fait t stare are on tbe while further away Thr 
avriogi distance of stars if mugidtude 100 la approxl 
lustily 1 % Ilmen os great as fur a star of h 0 magnitude 
The next point la the vtiy great distance of the red 
stars the J') faint red stars are very nearly 1000 
parsecs swsv nr M)0 million times as distant aa the 
sun At this great distance the sun would appear aa 1 f 
magnitude 16 5 but these stars vary In magnitude from 
OS to 110 aud are therefore intrinsically from 200 to 
tU times as bright aa the sun Now it happens thut 
among (he stare nearest to tbe snn tbe distances of 
which have been actually measured there are several 
ltd stars and these are all verv much fainter than the 
snn It has been suggested by I rot Russell and Prof 
llertasprung independently tliat the red stare are of 
I we distinct (lasses which tlicv call Iho giants and the 
dwarfs and that In accordance with Sir Norman Lock 
vers views the giant red stare are In an early stage of 
1 v ilutlon and are lm n a Mug In temperature while tbe 
dwarf stais are at tho olin r end of the aeries and are 
gt iwing colder and darker 

I earing the red stare It Is seen that tbe stare tbe 
eoler Indexes of whlelr lie between —1 and +4 are 
iieaict to us than the groups 11 cither aide of them 
ihtse stare are those the spectra of which are of the 
tyres k and O in the Harvard notation and are tbe 
Mars mist like the sun The mean distances of three 
stais Is c nlv 110 parsecs fur Iho stars brighter titan 0 0 
magnitude sad .10 | arsees t r tbe stare fainter than 
0 6 magnitude At tbta distance tbe sun would be of 
mignttiile 121 It fdlows that these stare are on flu 
1 1 regi from twe tn eight times ns blight as the sun 
1 he A I Mat-, are a little I ut not mneb farther away 


in tho I stars the hytlrcgon Hum an Ibluuer aud fine 
metallic lines are shown ihe (j stars are vtry liko the 
sun full of metallic lines aud with broad tines due to 
calcium In the N. stare the two calcium tinea are still 
1 toadar aud there are many fine metallic tinea lhe M 
stars are characterised by broad absorption bands Ibis 
arrangement places the stare In the order of their tern 
pereturea, the B stars are tbe bluest and hot test, and 
the it atari tbe reddest and coolest lhe character of 
the spectra of about WXI of the stars In Carringtons 
Catalogue la given by the Harvard observations 
Tor the fainter stare the spectre have not been deter 
mined but they can be Inferred lu another way As 
the blue atari are more active photographically than 
the red stare If a red and blue star have the same 
visual magnitude the magnitudes estimated from tbe 
Images on a photograph will differ considerably and 
this difference la an ludcx of tbe color and thus of the 
type of spectrum Now the visual magnitudes of moat 
of these faint stare have been very accurately deter 
mined at Potadam by Messrs. MUller aud Kron (and 
have been kindly communicated in manuscript) and 
the photographic magnitudes hare been determined at 
Greenwich. The differences have been taken between 
the photographic and Usual magnitudes and eerve to 
classify the stare according to their temperature 
Separating tbe stars into two groups those which are 
brighter than 9 5 magnitude on tbe Potsdam scale ot 
magnitude, and dividing each groap Into four claaaea 




HVHtem ia moving in a known direction with a velocity 
of ion kilometers per second leads to a determination 
of the distances of groups of stare the angular movt 
meats of which are known lbe hypothesis made is 
that in a number like one hundred nr two hundred 
stars the Irregular angular movements due to the mo 
lions of the stare themselves neutralise one another on 
the average Bnt this Is only Ihe mean distance of 
tbe group and some are much nearer am] name much 
farther The distribution of tbe stare about this mean 
distance may be derived from tbe proper motions if we 
know how tbo linear velocities are distributed. I shall 
apt ly this method to the group of alare which are llki 
lbe sun in type of aiiectrum and therefore presumably 
1 f like temperature and physical ronstllntlnn 
Dividing theso into three classes according 11 their 
mignllnde it is found that tlielr parallactic motion du 
to the Mins movement anil their nvi rage motion In thi 
tx rpendlcular dlrcrtl n dm 1 lliilr iwn peculiar move- 
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In Lbe last column la given Ihe ratio of the average 
cross motion to tin* parallactic motion lbe agreement 
of tbe number* allows that tbc bright atari and the 
faint atari have tbe eatne average velocity. Taking tbe 
velocity of the huu aa 10 5 kilometer* a second. It fol¬ 
low* that the a\Hinge volodtj of Ibeaa atari In the 
direction |*T|K>ii(Jlrular to the humi motion la 1ST kilo¬ 
meters a second 

We Bhall now make the ohsumtitlon Uiat Home of 
these atari ure moving fniter than this velocity and 
Home slower, Just un error h of observation are dlstrib- 
ated about n mean error With a mean velocity of 1ST 
kilometers a second, there will lie In 1,000 stara 



1 >40 

If now tbe observed proper motions me arranged, it 
la found that tho number loan than an) value r can be 
represented satisfactorily by on nlgebrrtlc lormula 


(T' + a J ), 

mein value of r. Tbe following table shows the actual 
number of Mara with proper motions between certain 
limits, compared with the mimlrer given by the for- 


T tnr.s VII 


limits of prop* motion 


giving 

Difference 

0" to 1" ft oratury 

437 

340 

are 

337 

7* 

a " 4 “ 

434 

333 


7 ” 10 
>10 

aa 

90 

IS 

ti 


We may take It that tbe formula substantially rep- 
reaents tbe observed facts With the proper motion* 
distributed according to tbls formula, nml lbe actual 
velocities distributed according to tbe law of errors, 
the distribution of the stars In distance can be deter¬ 
mined, and It la found that these 1,247 stars are 
distributed In space as shown In Table VIII. 

Tamjc VllL 

HU1ULBB or aOMl STABS (TYISS r AHD 0) AT nirxiaair 


DManoo 

(parua) 



■ere- 



76 

40 


i 

1«U 

136 

66 

R 

SoS—-700 
_>700_| 

146 

M 

_ 

38 

1 


The most remarkable feature of tbls table Is that 
70 per cent of Un stars He between tbe narrow limits 
of one hundred and four hundred parsecs. 


I have treated Un 470 stara which are brighter than 
10.0 magnitude and the 148 brighter than 0.0 magni¬ 
tude lu a similar manner. The results are given In 
the third and fourth columns of Table VIII. Tiklng 
lbe differences, tho distribution In distance of tbe 777 
stars of magnitude Is 10.0-11.0 aud of the 322 stars of 
00-10.0 magnitude la found. 

To compare the Intrinsic magnitudes of tbe Mars It 
Is convenient to take limits of distance in geometrical 
progression with a common ratio 1250 (log— 0.1), 
e g, 40, 50, 03, 70, 100, 120, etc., parsecs. These limits 
correspond to a change of halt a magnitude in the In¬ 
trinsic brightness of the stars which are of tbe same 
apparent brightness. Confining our attention to the 
stHrs of apparent magnitude 100 to 110, or, speaking 
broadly, stars of 10 5 magnitude, the limits 60-03 par¬ 
secs contain stare half a magnitude brighter, and dis¬ 
tributed over twice tho volume of those contained 
between the limits 40 50 parsecs 

If we may assume that the actual di-mlly of live stars 
1h the same in nil pnits of the H|iuce with which wo arc 
dealing, we obtain by reasoning of this kind the num 
her of stars between different limits of alinolufo bright 
ness Tlie following Inlile shows the number of stara of 
different luminosities in s sphere of one hundred per¬ 
ns i rndlus 



The Jesuits In the second column have been obtained 
h> considering (ho faintest stare, those from 100 to 1L0 
magnitude If the clam brighter Is taken, those stars 
which appear to be of magnitudes 9 0 to 10.0, we find la 
a similar way the quantities given In the last column. 

There Is an Increasing divergence between the remits. 
Now It is to be rftnemberefl that these figures have bom 


derived from regions at different distances from the 
sun. Thus tho stare which are between sixty and fort) 
times the brightness of tbe sun, and which are appar¬ 
ently of magnitude 10 to 11, lie between 386 and 631 
parsecs, while those which an apparently of 9.0 to 10.0 
magnitude lie between 251 and 888 parsecs. 

We may conclude, therefore, that tbe density of this 
class of stare la somewhat Ires at this greater distance 
from the sun. Following out this line of reasoning I 
have found the diminution of density of the (ton to be 
ns followt: 


Obtain* 

1 da£* 

‘DtaftSCft 

Density 

At AO pAftSCd 

1 30 

At 300 Parana. 

0 4H 

1 100 

1 300 

0 70 

.‘5oo ft" 

O 41 


Although much weight cannot be attached to (he 
exact figures, one seem* Justified In saying that there 
must be a very considerable falllug off in the dentity of 
the stars between the dlitaucre of 100 and 500 parsecs 
A falling off in the total density of the stars would 
affect the tables giving the proportion of stare of dif¬ 
ferent brightness, and wonld increase considerably the 
proportion of bright atom. 

Although the conclusions presented In this paper have 
been derived from a study of the proper motions of the 
stars la a small area of the sky, and may be somewhat 
modified by the investigation of other regions, they may 
be considered ss fairly iiipllcable to the stars In gen¬ 
eral. The limiting magnitude of the stare that have 
been considered is nearly 11.0 (on the Potsdam scale), 
and there are, in the whole sky, half a million stan 
brighter than this limit of magnitude. 

It may be said of them that: 

(1) On the whole, the yellow stare, tbe stars like the 
son In physical conditions, are tbe nearest. 

(2) They lie within fairly narrow limits of distance 
—80 per cent are between 100 and 500 parsecs, 10 per 
cent nearer than 100 parsecs, and 10 per cent farther 
away than 500 parsecs. 

(8) Going from the yellow to the bine or the orange 
stare the a rerag* distances Increase. 

(4) Tbs red Store are at great distances—an sveregs 
of about 1,000 parsecs. 

(0) Tire stay* vary greatly In tefriMfc M gktnsss. 
The red stars ire spsdally luminous, being on an aver¬ 
age one hundred rimes as bright as the sun. 

(6) Considering aU die stare dawn to this limit of 
magnitude, from 90 to 80 per cent are Intrinsically more 
luminous than tbs inn. 

(7) When, however, the luminosity of the stare in a 
given volume of apace Is considered, there are found to 
be far more faint than bright itare There Is no con¬ 
tradiction between this conclusion and the last one, be¬ 
cause the more distant bright stara are visible, while 
we only see the flint ones which are comparatively 

(8) Evidence has been found that the stare thin ont 
very materially at great distances from the sun 

These conclusions are In harmony with the concep¬ 
tion of a finite stellar universe. Most of the stare we 
see, and a great many fainter one*, are within the dis¬ 
tance of 1.000 parsecs Doubtless tho stars extend to 
much greater distances, perhaps ten time* as far or 
farther, but we can scarcely doubt that we are near the 
middle of a finite group of stars, and that tbe extent 
of this group Is of the order of 1,000 to 10.000 parsecs 

Another System of Generating Electricity 

On* of the latest propositions for producing aloe- 
trim ty commercially is the application of thermo-Msetrie 
couples placed around a heated fine. These ooupie* 
are composed of an element made of a special itavt 
alloy and a copper-nickel element. Three element* *re 
separated by a layer of mica Insulation and ire jdbod 
together at their hot ends by a band of deotrolytfaaQy 
deposited copper. Five of these dements are connOeted 
together in aerlas to form a unit, and a suitable number 
of these units, which are wedge shaped, are formed into 
a ring that surrounds the heated flue, from which it is 
insulated by an interposed layer of mica to prevent 
slmrt dnrolttuf tho units. The unheated ends of Ihe 
elements are kept cool by circulating cold air around 
them. It is said that tbe cost of installing such a sytem, 
as compared with steam, gw and o0 operated engines, is 
as 13 compared to 28, 30 and 38, respectively, while tbe 
oost of producing electricity by this arrangement com¬ 
pare* with the above source* as S.6 to 24, 16.5 and WA 
respectively, not taking into aonrideration the oost of 
depredation or attendance of the steam, gas and oil 
plants, 


Dr. Boae’i VUt to America 
Png. J. C. Boss, whose dlscoverlre regarding the 
continuity of physiological response in the plant and 
animal created great Interest la Bngliiyl and tbs Conti¬ 
nent, is now In America on scientific mission from the 


British gorsnuuuBt Prof. Beat will exhibit his reso¬ 
nant recorder at Philadelphia before Bectian G of the 
American Association for Advancement of Sdsnot on 


Intervals ss abort aa tbe thousandth part Ci a second, 
and measures the perception time of a plant On the 
Uth of January Prof. Bom will give a discourse on 
“Plant Aatogrepba and Their Bevelatiana," illustrated 
by original experiments, before the Academy of Sci¬ 
ence*, New York. Before his return to Bwop* Dr. 
Bcae will lecture before the Colombia University, tbe 
Academy of tidencea, Washington; the Philosophical 
Society of Philadelphia, tbe Twentieth Century Club, 
Boston; the Universities of Chicago, Wisconsin, Illi¬ 
nois, and Michigan. 


Locomotiva Headlights 

It is stated by so authority on tho subject, that tho 
mtonalty of the head-light of a locomotive should not 
bo greats* than fifteen to twenty candle power per 
square Inch of its projected area, henoe a lamp of 8,000 
candle power, with a 16-lnch reflector, will give an il¬ 
lumination within the maximum limit. Tbe ahief func¬ 
tion of a head-light la to warn person* ahead of the ap¬ 
proach of the train, as no commercially practical light 
would enable the engineer to see a dark objeot, like a 
man, more than 500 foot. The light, however, servos 
as a warning in many cases at a distance of 25 miles, 
and it is also useful to the engineer in distinguishing 
landmarks, whistle boards and similar objects. 


W« wish to call attention to the fact that we an In a 
position to rondor competent services In every branch 
of patent or trade-mark work. Our staff Is composed 
of mechanical, electrical and chemical experts thor¬ 
oughly trained to prepare and prosecute ell patent ap¬ 
plications, Irrespective of the complex nature of the 
subject matter involved, or of the specialised, technical, 
or scientific knowledge required therefor. 

We also have associates throughout the world, who 


assist In the prosecution of patent and trade-mark ap¬ 
plications filed in all countries foreign to the United 
Mates. 

Mow* * Co, 


Branch Once: 

620 F Street, N. W., 
Washington, D. O. 


SCIENTIFIC AMERICAN 
SUPPLEMENT 

Founded 1878 

NEW YORK, SATURDAY, JANUARY 2. 1815 

Published weekly by Moan a Company, Incorporated 
Charles Allen Mann, President; Fradalck Convent Bosch, 
Becrotnryi Ortos D. Mann, Troaonnr 
all at »01 Broadway. Now York 

Entered at Port OOce'ef Now Tork,N. X. sa Second Clam Matter 
Copyright lClB by Mens * Co., Inc, 


The Scientific Americas Fabrications 
BclentUe Americas Supplement (established 18T8) per year 10.00 
BeUotlflc American (establish** 1045) .... “ 500 

American Homes and Oardaas. “ 600 

Tbe combined sabeerlptton rate* sad rate* to foretan eoontriao. 
Including Canada, will be famished upon application 
Remit by postal or e ipu te money order, bank draft or ebtek 

Man ft Co., Inc., 361 Broadway, New York 


Tho purpose of tho Supplement is to publish 
the more important announcements of distin¬ 
guished technologists, to digest significant artir 
des that appear in European publications , and 
altogether to reflect the most advanced thought 
so sdenoe and industry throughout the eoorld. 


Table of Contents 


Actual Instance* of Dual PoroonaUtls*.—1.—By Edward 

Tyson Reichert. t 

Odessa, tbs Grain Port of Busts . 5 

Translucent Gold Brick* . 5 

Preventing Boil Hroeton. a 

A Valuable hub Tropical Hoy Grass. Jt 

Tho Pearl Fisheries of Orion.—By R t Goan.—4 Utn*- 

XRsy and Crystalline Btracture—By Prof. William II. 

Bragg. 5 

Tbs Geology of the Yellowstone National Park,—By Call 

Hawes Batman—14 Ulsotratloas . 7 

PuriS ratios of water by tbe Cltra-Vkdot key*.—By II. von 

Btrkltnghaanea —Id lUwtratiomi .10 

The PbotekaMdograph —3 Illustration*.10 

The Stars Around the North Polo.—* Uliwentloaa. IS 

Another lyetsm of Generating Bteetrtatty. 15 

)>r Boot s Vttt » Ameriea. Id 

Loeoaotive Hadllghte . 1* 

















8mm ef the retefereeJ eeaente pten at the m viaduct 

kmwmcm concrete viaducts built bt thb Pennsylvania railboad company over inlets of Chesapeake bay on us 

PHILADELPHIA AND WASHINGTON DIVISION -tSee pet* *4 1 




















SCIENTIFIC AMERICAN SUPPLEMENT Na JOM 


Experiments in Hybridizing Japanese Flowers 

Which Appear to Show a Variation in Mendel’s Law 

By Walter Proctor Jenny, Fh.D. 


Tn k n-iiiiu nt Oil's!* ■■xiH'rluuiiitH In hybridisation ant 
tliii' to lln- illM-mcry iimde curly lu tbu progret« of thu 
work, that the dry pultun o/ the white moonfloteur, ap¬ 
plied III the tllgmo of the morning glory, it inert and 
trill not 1utilize the nrary, union Ike pollen bu wit 
with the dew-like fluid earn led upon the surf are o] the 
t tig run of I ho moon flower. 

The purpose of this article Is to place upon record 
the results of experiments rouducted for a term of 
yours, at private exjiense, at my home lu the city of 
WushliiKton, I). 0., au Investigation undertakeu and 
curried out owing to uiy Interest In plant breeding—an 
Interest stimulated by the fusi'lnutlou that attends tlie 
creation of new and beautiful llowurs. 

Thu inelhod followed dciuirta so widely from the 
usual procedure In hybridising, and the results obtained 
are an cxccptlonul, and offer such broad ns well us 
huisirtauL possibilities lu the creation of new types, 
that they c-an scarcely fall to prove of Interest to othor 
workers In this Dcld. 

That the natural stlgmul Ituld of the mounflower, 
namely, the ilew-like excretion deposited iiiksi the nur¬ 
ture of tbo stigma, when lu readiness for solf-fertlllM- 
Llun, Is also esscutlul to the development of Its pollen 
In llic fertilisation of the ovary of the morning glory, 
wus discovered 111 this way. In my llrst uttemiKs, 1 
removed the iiutlicm from the flowers of the morning 
glory, and then applied ihe pollen of the inoonflownr, 
using the reflexed llmver iin n brush. Some twenty-live 
Howers were thus pullciiuted, hut only one produced 
seed, lu Ihe followhig Henson, 11)111, I pullemited nearly 
*J0O flowers of the morning glory, applying the pollen 
of Ihe luoonflowi'r In dllTereiit wuya, without obtaining 
send 111 u alugle liistuiii-e; (his was la-fore I found IhHt 
the stlgmul fluid of (he nnsiuflmver was needed In 
order lluil fertlllxntloli of the inary might take pluee. 
In attempting In reverse Ihe pris-css and pollcnate the 
uiisiiillowrr with Ihe isilleii of the morning glory, I 
mitlixxl llm way In wlihh Ihe isilleii grains uilliered to 
the moist stlgmu of tile miKiidlower, and with uuly the 
thought lo iinike the isilleii ml here mori' iierfcetly, 1 
tried the exisTlmenl of transferring lids excretion of 
Ihe stlgmu lo Ihe sllgmii of the morning glory before 
applying the isilleii of the lnoouHower. Scxcrnl flowers 
of the innrtilng glory were deimlleuated, anil the stlguial 
fluid, logether with the isillen of thu mooiillower, ap¬ 
plied. A few ilnys later, on examining these hybridised 
flowers, It was seen thul fully one half of the flowers 
bad commenced to devolop seed. From this time on, 
the stigma I fluid of the mounflower was employed In 
all experiments In crossing these flowers. 

The flowers experimented with are of different gre¬ 
en of Convolvulaont, namely, 

L “The early blooming white moonflower,’’ Oalonyc- 
t Ion tpceioium, with black seed, said to be a crass be¬ 
tween V. iteaieana alba hiiiI V. gruniiflora alba; It hns 
been In cultivation a number of years; and 

It. Numerous varieties of the Japanese morning glory, 
/pofsni’u chlnaentit, liavlng flowers lu many ahadcs of 
red, rose, lilac, violet, purple, and blue, and also pure 
white. 

Natural hybrlda of the white mooiillower and the 
munilng glory do nut appear to take place. I have, 
however, observed that the Jnpaneao morning glory and 
the American morning glory will occasionally cross, 
where growing ucar to one another. 

The flowers were grown In lit to 14-liic-ii pots, in the 
open ulr; the veins being trained upon trelllsqs of 
bamboo and wire. ' 

In the following statement, no attempt Is made-to 
give particular Instructions to be followed, but rather 
lo seL forth what waa done to produce the hybrid 
IlHinusm I have named Banzai. 

All hybridizations that produced seed were mads 
with the white moonflower as the male parent and the 
Japanese morning glory as the female. A number of 
attempts were made to reverse the process, applying 
the isilleu of the morning glory to tbe stigma of the 
moonflower; hut all failed to set seed. All hybrids 
mid cross-bred plants described produced fertile seed. 

The morning glory blooms In the early morning, 
often before daylight, while the moonflower blooms 
noon after sunset; so that to obtain a supply of moon- 
flowers for hybridising, it Is usually necessary to gather 
tbe flowers noon after they open, and before they have 
been visited by Insects, and to preserve them In shallow 
dishes of water In an Ice chest Where no Insects are 
present tbe moouflowers may be let to remain on tbe 
vine and to be picked at enrly ilasn, nt the time the 


hybridization la performed. Iu my experiments no 
risks of Insect Interference hare keen allowed. 

The flower selected for the female parent has first 
Its pollen removed by the aiplluatlou of a One stream 
uf wuter—the excess of water Is drained out and the 
flower dried by geully applying slender slips of blotting 
paper (following tbe method published by Hr. George 
Oliver, Department of Agriculture, Was hin gt o n, D. O.). 

I perform the hybrldlxiitlnu as follows: 1 take a 
moonflower, reflex tho flower and pull off the stamens, 
leaving the stigma Intact. The stigma of the moon- 
fluwer is then applied to Ilia stigma of the morning 
glory, gently rubblug them one upon tho other, ao as 
lo transfer tho dew-like moisture upon the moouflower 
stigma to the stigma of tho morning glory. This Is 
repented two or three times, using a fresh moonflower 
for each application. Tben select a moonflower with 
ripe pollen, reflex the flower and holding It so that 
(lie stamens are loosely bunched together, Insert the 
stamens in the tubo of tho morning glory, with the 
stigma of the morning glory In the midst of the anthers 

that la, the stigma uf tbe morning glory la but rounded 
on all aides by tbe anthers of tbe moonflower; a alight 
movement, In and out of the stamens, at the same time 
rotating the moonflower, transfers the pollen to the 
wet stigma of (be luornlug glory, to which It adheres. 
This application of pollen 1 h repeated with one or more 
fresh moonflowers. The flower Is thou closed (like an 
nno]ieued bud) uud tied at the tip with yarn, to excludo 
Insects—about 40 per cent of the flowers thus hybrid¬ 
ized produce seed. 

Komellues I vury this mctluHl by llrst welting the 
stigma of the morning glury with the vitalizing fluid 
of the inootiflon er and then alternately applying the 
HiitlierN and the stigma of the moonflower, gently rub¬ 
bing III the isilleii with successive applications of the 
stigmas of fresh niouiillowera, uutil the stigma of tho 
ninriilug glory Is loaded with the adhesive coaling of 
IKillen. 

The first hybrid thul I obtained wus Huuxul, n flower 
of rare beauty, with a deep carmine center, margined 
by pure white. It was at once ri-cognized ns conatltnt- 
lug a new type; of vigorous growth, and what was most 
lui|Hirlaul, the flowers had good keeping quality and 
did not wilt or change color, If shielded from the sun, 
even in the heat of summer. The great drawback with 
all murnlug glories, both .THjHiueNe mid American, Is 
tho lack of iJermauence In the flowers, which either 
wilt or change color soon after sunrise. 

llanxal was produced as follows: In the summer of 
1011, a red Japauese morning glory was selected as 
the female parent and hybridized with the pollen of 
the white moonflower, az follows: the flower was de- 
l>ollenated and the pollen of the moonflower applied 
by employing the reflexed flower ae a brush. It is 
supposed that In this solitary Instance, some of the 
stlgmal fluid of the moonflower was transferred In tho 
process of polleuatlou to tho atlgma of the morning 
glory. This hybridization was made more than a year 
prior to the discovery that the stlgmal fluid was essen¬ 
tial to the development of the liollen In the fertilization 
of the ovary. As stated, only a single flower thus pol¬ 
lens ted produced seed. In 1912 this seed waa planted 
In a flower pot (12 Inches In dlametsr) and early In 
July the new hybrid bloomed, and lu self-poUcnated 
seed was ysved. A few flowers of Banzai, as an experi¬ 
ment; were again crossed with thq pollen of the white 
moonflower; tbe procedure, employing tbe stlgmal fluid, 
as described, was varied In that tbs pollen of the 
Banzai flowers was not removed. Several flowers, thus 
at once self'■ pollens ted and reinforced with the pollen 
of tbe moonflower, produced seed. 

In 1913 these two lots of seed were planted under 
like conditions; but from germination to maturity, the 
plants that were twice crossed with tbe moonflower 
were the most vigorous In growth and their flowers 
were more nearly true to type. For this reason, these 
plants that had been reinforced by Inbreeding with tbe 
moonflower were selected to carry on the strain and 
marked Bernal Na 2. 

Tim diagram attached hereto shows graphically the 
several steps followed In tbe seasons of 1911, 12, 13, 
and 14, In originating and In fixing true to type tbe 
hybrid morning glory Banzai. 

Tbe seJf-poUenatcd seed of BaniaL No. 1, produced 
eight plants In the second generation (1918), that were 
carefully watched daring growth. Nooe of these seed¬ 
lings sppeered to conform to Hendel'a law. In re¬ 
sembling the male parent, more than did the orlglual 


hybrid Uanial, Na 1, the female parent continuing 
it urn burnt There waa, however, a noticeable decrease 
in tho vigor of growth, compered with Beual, No. 1, 
notwithstanding that the eoll was rich and growth 
stimulated by watering with liquid fertilisers. The 
flowen were also somewhat smaller in alia, and a 
tendency was observed to eliminate the white border. 

About this time, tbe results of other experiments 
with these flowen ludlcamd that this reinforcement of 
a hybrid, by Inbreeding with ltn male parent, might be 
Improved upon, by first depollenuring the hybrid flow- 
or and treating the atlgma with tbe developing fluid 
of the moonflower, as described, tben applying the 
pollen of a number of flowen of the same hybrid, and 
Anally rubbing In the pollen of the hybrid, using to do 
this both the anthers and stigma of two, or often three, 
moonflowers, thus In one operation fertilizing the 
hybrid flower with the pollen of flowen from the same 
plant, or preferably, with the pollen of selected flowen 
from another plant of the same hybrid, and blending 
therewith not only the vitalizing fluid of the stigma of 
tho moonflower, but the pollen of the moonflower an 


This method of dual fertilization waa employed In 
the season of 1013 In the endeavor to Ux Banzai No. 2 
true to type, with the result that fully 00 per rout of 
Ihe flowers so treated produced seed. 

Diagram of tbe multiple hybridizing of a JuponeHo 
morning glory with the pollen of tho white moonflower 
In producing the orlglual hybrid and In the successive 
repollenatlons whereby the hybrid flower Is made to 
reproduce ltaclf true from seed, and has Imparted to it 
an IncrenHdl vigor of growth. 


mbxsiin or 1UU. 

] Vale Forint. hnwte Parent. 

I Whits Moonfluwi-r Ifed Jnpnni-ae Morning fllory. 

Depollcnntwl uud ths pollen of the 
Imoonflower applied, by employing 
jtbc rvHeiMl flower u n bnnb. 

. It’ In nupposed that In tbla In¬ 

stance nomo of the xtlgmal fluid 
or the moonflower wan transferred 
In tbn procan of puhenatton to 
the Htlgma of the morning glory. 


Hcahon or 1012. 

It.rlglnnl Hybrid, 
hansel, Na 1 
|pi»t Qsnsrmtl.m 

1‘ollsn not removed Htlgma treated 
with stlgmal fluid Finally repollen- 
eted with pollen of ths moonflowsr. 


_' ■■«K*sos or 1918, 

jfinnasI, Na 2. 

[ 8sco nd, Flmt Gsnerntlon. 
bspolletuted. Httyma treated with 
stlgmal fluid. PoUsnated with the 
\ pollen from other plants of EUniat, 
: No- *• Finally rapoUeuted with 
\ Pollan of the moonflower. 

\__ •- " Bganos or 1014 . 

jttanial, Na 8. 

| Third, Fi rst Qtnerstiaa 


These seed, planted In IBM, produced rauizai, Na 8, 
the result of twice Inbreeding tbe original hybrid with 
lteelf and with its male parent—In fact. Banzai Na 8 
may be looked upon ae the third, flrtt generation, of the 
original hybrid. That no true second generation, or sec- 
oud year's growth, took place, counting from tbs year 
that the hybridisation waa performed. Is of Interest 
In Its possible relation to the operation of Hendel'a 
law. 

The socceralTe pollenstioa. of tbe original hybrid 
with tho moonflower caused a notable Increase in 
vigor of growth, the leaves becoming broader and the 
white border of the flowen more prominent—In tact, 
the cumulative effect was to accentuate H kw qualities 
that appear to have been derived {ran tbe moenflower 

lE Banul, ae thus developed and fixed, the female 
parent la dominant; It has Inherited from the m«m- 
flowar vigor of growth and Increased s ubst ance In tbe 
flbwers—tbe flowers are also marked by a white border; 


. If picked early In tbe morning, the flowen may 
t In an ice-chest (at a temperature of abbot 86 


a the vines without dosing until 









The Planet Jupiter* 

Possible Explanations of Some of Its Phenomena 


By Rev Theodore E R. Phillips, M A , F RA b 


liiouon Locking In th ta apodal foot urea which In 
the i* i olar iW Invent Man with inch an atmosphere 
f r maiuv Jupiter nevertheless claims In an equal 
iegree tlie close attei tlon of telescopic observers. In 
deed to the amateur whose optical resources are usually 
or a modest 1 store Jupiter affords a far more profitable 
ttehl for work than Man whose small disk only now 
ud agili pr< sects developments on a sufficiently large 
wale to In well within the grasp of small apertures. 
Koch a development on Man has occurred In reoeut 
yean In the Nepenthes I Moeria, and Tboth region 
t ut 1 roadly speaking It may be said that, even In large 
Inatiumei ta, the surntlmately stable features of the 
smaller and more condensed planet cannot, in the nature 
f things present constant and unexpected changes 
Kwh as tomand the watchful attention and assiduous 
w rk f the heerver of Jupiter 
As regards i hynlcal c ndltl n, it baa loug been rocog 
i Ised that lui Iter has mai y points of analogy with the 
son Us density Is the same and It la generally In 
ferrad that like the sui It la In a heated and expanded 
oi lltlof and that If n l still initially gaseous It Is 
at any rate In a visccua and semi liquid state Many 
ft atom too of superficial raemblance have been 
1 Inted ut by various investigators To refer to two 
f the m st striking and obvious Instances we may 


As regard* the first of these It has baen suggested by 
Lau (Atfms. Hochrichtn, Band IBS, No 4873) that the 
run sou Jupiter has belts Instead of sonea of spots la to 
be found In Its rapid rotation The material forced 
upward from the lower etrata of the plans! bringing 
with It a smaller linear velocity than that of the sur 
face, streams eastward and aaaumea the appearsoos of 
elongated streaks if the centers of eruption are tnffl 
tlently numerous belts are formed and it la suggeeted 
that were the suns rrtation much more rapid than It 
Is the solar surface at spit maximum would slso pre¬ 
sent dark streaks or belts. 

In accordance with this theory of belt formation It 
will be remembered that the great revival of Jupiter s 
i nth equatorial belt In 1B12-1B13 began with the out 
break of a few la la ted dark spots which quickly spread 
ut rum 1 tlu> planet 

As regards the second of the analogies above men 
tinned It will be recalled that the relation of the sun 
ion be falrlv represented by a simple empirical formula 
the velodtv being related to the latitude and diminish 
lng from the equator toward the poles. Now Cassini, 
to 1800 found that a spot on the equator of Jupiter 
required about five minutes or so late for s rotation 
than an object In the too them hemisphere and tubes- 
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quest observations have aatabllahsd tht sxtstsncs of a 
rapid aquatnrlal current aa a parmansmt taster* of the 
risible surface of the planet It la true that tbs mums 
of Japtter and tbs sun am net quits tht asms, on the 
former there la no gtoeral Increase In the rotation 
period with Increasing latitude but • sudd e n and 
abrupt change in the velocity in both hemisphere* at 
about latitude T degress. The equatorial curreat of 
Japtter is therefore like e mighty river sharply bounded 
by two bank* which trs usually Indicated hy th* two 
great equatorial belts' Beyond these th* arrangement 
of the correati U tuuymioeti’ieel md d h ri nlU r In the 
two hemispheres but notwlthstsndlng tbsae differ 
ences th* analogy between tbs equatorial acceleration* 
of the sun and Jupiter la very striking and It la hardly 
pumlbl* to doubt that the cause in each case is the 
same. 

it Is not Intended In this article to discuss In any 
detail the physics of Jupiter but the analogy to which 
attention has been drawn between the planet and tlie 
■on, suggest* certain possible expiauntil us of some of 
the planet s phenomena 

(a) It has been finnd that certain sunspot* appear 
to be vortices, and exhibit a whirling motion It la ang 
geated that many of the Tuvian spots are ut the same 
nature and are the reeulta of dtaturbanoaa whose 
origins lie at some depth below the superficial layers 
Krttsinger (see BAA Journal, volume xxlr No B) 
thinks It probable that In accordance with Bmdena 
theory of the sunspt t sonea a number of discontinuous 
surfaces are developed within the planet, and that the 
edges of these different surfaces at the boundary of the 
disk produce tho belt*. The offset of two terrestrial 
atmospheric layer* of different density with one gild 
lng over the other In producing cloud* of tbs cirro- 
cumulus type la well known and It Is hinted that the 
Jovian spots havs an analogous formation Lau also 
< Astros AacArirhten Band 100 No 4878) consider* 
that vi rtkve are formed along the line ut contact be 
tween the greal equatorial current and the slower mov 
lng material wrth and south 

It Is now very generally held that the Great Bed Spot 
Is a vortex that It Is not a solid fas to re of th* planet 
Is pr ved by Its extensive wanderings but at least It Is 
nub permanent and has Indicated a center of disturb 
sues which has existed certainly for ever eighty yeans 
as I Venning and Kritxtnger have independently shown, 
and probably for over two hundred and fifty years. The 
Idea that the Bad Spot la a vortex la well supported by 
the behavior of the dark material forming the South 
Tropical Disturbance or Schleler which has been an 
prominent a feature of the disk during the last thirteen 
years HU times hat th* Disturbance which Is situ 
ated In the same latitude a a the Bed Spot overtaken 
the latter and Its behavior at such timae though still 
In some respects mysterious ta nevertheless instructive 
Now it has been observed that aa the p end of the Dis 
turbance approaches th* / shoulder of the hollow It 
become* accelerated but that after Its appearance west 
of tte p shoulder It Is retarded. The same thing Is 
true of the / end. This Is strongly suggestive that til* 
Bad Spot U a canter of attraction a vortex which 
draws Into Itself the surrounding material. It la. bow 
evsr not certain at what level the Disturbance mores 
Lau considers that It pass** under the white material 
overlying the Bad Spot, and ocrtalnly little or no trere 
of it la Men during Its passage across the buy On the 
other tend, the outline of the Spot Itself has sometimes 
baen faintly discerned during conjunction, which gag 
gate* that th* dark matter la mostly wbtriad round the 
partphay of tee vortex and paam out on the p rife it 
baa ban observed that the time occupied in r*-t~g 
from tte / to the p atuxtider* by the end* of th* Dis- 
twbanc* la vary deridafly sfieriak than the tims pan 
ally teqUrad to mov* over th* game dtstaaos ilssTThna 
Ife* vortex theory a tea axtfa la s the formation of the 
bay or hollow in white eh* Bed Spot Has stow tte 
drawing In of matter toward tte cmvtsr at tte lower 
toyab mute bt aomapaatog by ta outwatd flow at a 
greater altitude. This latter may vary w*C drive fcw* 
tte material of tM south equatorial tejt tew* 
qutttly civ* ria* to tte formate* off ** m f U mawn 
terattomtkrtat 1 

W *te senatorial afi w lm a t lte a t Mite Wte jttat 

ofttete^mtemteantetmamtadflfoMte. 
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•rttott abort ntent to apeak* of tt m a survival from 
m earlier eooditfe® of thing*, tod apparently considers 
that It baa Ita origin la tbs failing In of particles pen 
smrtig a greater angular raJodty than tbs planet itself 
Whether tbs ooaMnad momentum of such partloles 
mold be Mfldant now to produce an appreciable effect 
may to questioned but If tbs masses of the planets 
and tto ran have bean In tbs past amcb increased b> 
the accretion of meteoric dust particles revolving in 
direct orbit* tto tendency mould certainly have been to 
prodooa an accelerated sopetOdal equatorial motion A 
staple automation shows that particles revolving close 
to tto aim a surfice would perform a revolution In 
roughly tfcrss hours, whereas tto sun Itself requires for 
a rotation at least twenty five days. For particles one 
hundred Dallas stove the present surface of Jupttsr and 
spots on tbs Jovian aqua tor tto corresponding times 
are 2 boon 07 minutes and 0 hours 00 minutes respoc 
tlraty The asms kind of thing Is true of Saturn and 
It sesma quits possible that we bote here at any rate 


BO minutes 43 seeoods ± In 1600 bat in the year 1011 
1014 (boa opposition to opposition) this bad bee aw 
reduced to 0 hours B0 minutes 30 seconds ± 

Fig 8 shows the changes In tbs rotation period if the 
treat equatorial current slnco 1870 The diagram Is 
based on mUgbled values derived from the results f 
various observers (if papers by A S Williams M N 
volume lxlll page 14 volume lx page 40S v lume lxxl 
page 140 W F Denning UN volume lxlll page 131 
Major P B M< Us worth UN volume ltv page 601 
and so on) H A A Jupiter Section Memoirs and so on 
and show* that the rotation period In 1013 was | racti 
tally the same as It bad been thirty years earlier lbe 
curve exhibits a slight secondary minimum about 1000 
which gives It some reetmblauce tv the light curves of 
variable stare of tbs 6 Lyrae type but observations 
extending over a math longer period are needed to show 
whether or not the ihsngcs are definitely periodic 
Some reference to the present appearance of thi 
1 lanet mav be if Interest A comparison f the draw 




Jig 8—notation period of equatorial current 1879 to 1914 The value for 1914 is based on observations 
from May to August only 


one factor In the produtlkn of the equatorial acceleni 
tion exhibited by tto laigir ballon of the solar system 
A point which has attract! d the close attention of 
observers of Jupiter is the variation lu the velocity of 
different parts of the disk Separate and distinct cur 
rents in the surface material of the planet whose latl 
tudlnal limits show only small changes buvt for several 
yearn been recognised but their rales of mutton are 
found to to variable The drift of mints differs slightly 
from year to year and there la reason to suppose that 
in some lustsooss the vitiations In velocity are of a 
periodic nature with minor fluctuations superposed on 
longer waves of considerable amplitude Somethin!, of 
thla kind seems probable in the cases of the Red Spot' 
and tto snot equatorial current The motion of the 
farmer has bees thoroughly discussed by Denning and 
bff Krttstogor independently and a period of roughly 
fifty yeqra haa toon suggested Fig 7 shows the changes 
to tto positioned the Bed Spot during the last twenty 
Jton. It Will to seen that tines 1901 the longitude has 
lWHl|il«tod to wall over two hundred degree*. The 




like or 1011 (aee Flgx 1 and J) with tb we of tbe cur 
not apparition (bows that considerable clmiigcs have 
bccD In progress and Illustrates th we charai H rUttcs of 
the am face markings which render Jupltei s at tree 
the an object for tclesciplc scrutiny It will Ic seen 
(torn Fig B that (he Koutli Tropic* 1 Disturbance it. now 
tear of the Red Spot hollow having Juat coal Icted Its 
sixth conjunction with that object and that the Red 
Sint Itself has once mure emerged as a well-defined 
ellipse To tbe writer however It shows no trace of 
red but Is neutral gray presenting a striking contrast 
to tbe warm tone of tbo south equatorial belt Tbe 
longitude («,) of the Bed Bpot at the mid of August 
was about 202 degrees The fikutii Tropical Disturb 
ance now extends over 110 degrees ± In longitude tbe 
P< si docs («,) determined at Ashtesd at tbe cloee of 
August being Preceding end, 62 degrees ■+■ following 
eud 171 degrees ± 

It will be seen that marked changes have occurred in 
the north equatorial north tropical and north tern 
pente regions of the planet Tbe brilliant eggibaped 
marking s which In 1018 formed a belt round the north 
pert of tto equatorial aone hare become degraded Juti 
smaller and lew regular white anas while tto dark 
protuberances are also very unequal In alse shape and 
distance apart Observations of thirteen noth sqoa 


torial markings down to tto end of August give s mean 
rotation period of 0 hours B0 minutes 17 4 seconds 
which is a slight luorease on the valne of last your 

Among recent deveh patents must be mentioned the 
t r me tion of dark *t ts m the U trtb component of tbe 
i rth equatorial belt sllh white Intermediate areas 
(smte of them verv trigl t) n the region between the 
t« i uipountx f the belt Still mire Interesting la 
Ihe f rni assumed by sime f the durk markings They 
te dlstlnctlv srelied to Ihe s uth and Inclose small 
Irllllait ihlle spots flu* appearsi x Ik Inc suggestive 
f I ridges oi s metlmcH links if a chain At least 
seun objects are of this charm ter and an Idea of their 
strange form may be gained fr m X lgs 4 and 1 Otoer 
vatlona of seventeen objeris In this r glon show the 
loUtlm period down to the enl f August t» have been 
1 li urs B5 minutes 306 see nds 

Another striking difference bet mu the aiiiarance of 
th< planet In 1013 and 1014 Is furnished I y the south 
equatorial belt Almost uniformly dark In the f rmer 
year It has recently consisted of two widely separated 
lands with a pale orange region between them 

The PhyaMogy of Worry* 

By Erie D Forrest M D 

With the possible exception ot three in the period 
of happy childhood everyone Is at times a victim of 
worry In foot the average Individual thinks of and 
sore] ts worry much as hs thinks of and soeepts <Hs- 
agri eable weather conditions —as one of the hitter things 
of life which most be token with the sweet In other 
wirda he regards it aa a fact but does not attempt to 
analyse it Tbe wisest thinkers ot all tunes have 
recognised the condition and many well known writers 
have expressed their views of its psychology What has 
not been sufficiently recognised however until very 
recently is tbe importance of worry not merely In itself 
as implying tbe abaenoe of happiness bat ts tho cause 
of ills far greater than itself the cause predisposing to 
secondary manifestations which would otherwise have 
been escaped altogether Having fully comprehended 
this fact the next logical step In scientific progression 
is to determine ihe exact mechanism by which these 
disturbances are brought about Through the eon 
joined efforts of psychologists and physiologists we are 
just beginning to reach the true physical basis of this 
important subject 

The keynote of worry Is beyond doubt a dbtuib- 
anee of the mind It may to defined as the restless 
consciousness or all encumbrances which ws sooept 
under protest To elaborate this definition, it is the 
mind ■ unrest about anything which concerns us whether 
it relates to our future our dear ones s cause wo have 
espoused our happiness our salvation our means of 
support oar position m life our health our fate or our 
success in general It does not lonsist solely in our 
interest in all these things It is rather a disquietude 
anting from a feeling of helplessnew befire the van 
oils chances and claims of lifo Tho popular opinion 
seems to be that the mental condition is one ot depression 
oosslbly because the physical manifestations are chiefly 
I presmve in nature The foot conn it be too strongly 
i mphasired however that the primary mental condition 
is one of overset!vtiy and mi reaver ovcruetivlty along 
lines of fixed Ideas 

Without taking up Individually the phases of worry 
brought about by the various spomflo causes tbe physical 
manifestations of worry In general may be sold to be— 
depresmoD of respiration sighing disturbances in rate 
and force of heart beat vasomotor changes disturbances 
m secretion pallor cold sxtranitaw relaxation and de¬ 
creased motility of the shmmtary tract dilatation of tbe 
pupD loss of weight Insomnia and general physical 
exhaustion These disturbances may vary In their 
1 rominmeo and may appear ss groups of symptoms 
thorn teriung well known diseases Thus worry is 
s ime times aa important agent in tbe production of dio- 
letes gout exophthalmic goiter and obronlo heart 
disease 

Inasmuch as worry is primarily a disease of the mud 
and since every portion of the body is intimately eon 
nee ted with every other part by a net-work of nervous 
tissue of gnat complexity we naturally seek for the 
rouses of those manifestations first of all In tto nervous 

In every individual at a given time then is a limited 
amount if potential energy stored up In tto cells of 
tto brain This function seems to rest in tto ohromotln 
granules of the nerve cells and it toe been shown re¬ 
peatedly that a liberation of nervous energy, whether 
in response to a pay (bio or sensory stimulus results 
m a physiological degeneration of the chromatin gran 
ulna and consequently of the eeih themedvea Obvi 
oosly a prolonged dwehaiR wf nervous energy dimin 
tubes by so much tbe amount left m tto brain oelli 
Furthermore stimuli of sufficient number intensity or 

duration may cause exhaustio n and death ___ 

• From tbs Msrtral Jtsmrg 
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Kurlly this plidDomonon ooour* in the util* of worry, 
oxoopt that the degree of fatigue rarely reaches the fatal 
extreme. Through mental overaotivity, and the cor¬ 
responding ohromatolysis In colli concerned In mental 
prowMoe, dleehergM of norvona energy to all parte of 
the body take place through the cerebrospinal axil and 
the nympathetle Byitem. Whether the action of a given 
structure la augmented or inhibited, of eouree, dependi 
upon ita I nervation. One of the moat eonatant effeota 
of auoh long-oontinued duchugea, however, li the pro¬ 
duction of a certain amount of tonlo contraction of moat 
of the voluntary muscles, which, if at ail noticeable to 
the individual, ho describes aa a ilight lncreaei of body 
Umrion. 

A phyiiological degi noration of nerve oelU U normally 
offiet by a elow regeneration, occurring during the 
perloda of physical and mental repoee. In worry, be¬ 
cause of tho fact that the catabolic process ii at Bret 
more rapid than tho anahollo, gradually diminishing 
as tho lower limit is approached, and because continued 
mental activity gives rise to Insomlna, a period soon 
arrives when the expenditure of vital foroo In the shape 
of obvious work dono has reached a point where tho 
regenerative proness. slow as It is, Is just about abls 
to offset the breaking down. Tho phenomena express¬ 
ing the depletion of the vital force are termed ‘'physical 
exhaustion " This is to be distinguished from "shook,” 
wherein the stimuli lead to no obvious work dono, and 
the expenditure of energy is extremely rapid. 

The sympathetic system, probably because of Its In¬ 
timate relation to vegetative functions, seems to be 
susceptible to a much slighter degree of stimulation than 
are the nerves of the cerebrospinal axis When, in the 
course of events, therefore, the latter nervos are no longer 
able to respond adequately to tho stimuli arising from 
tho mental activity, tho sympathetic is apparently capa¬ 
ble of currying on functions even greater than those 
which it is normally called upon 1o serve. 

Bearing those facts In mind, we see a possible ex¬ 
planation of some of the various physical phenomena. 
For instance, stimulation of tho sympathetic, with a 
decreased activity of tho motor nruli nervo, onuses dila¬ 
tation of the pupil Depnaaion of the vagus, phrenic, 
and intercostal nerves decreases the breath rate. The 
sigh, so often observed In worried individuals. Is simply 
a very deep inspiration which occasionally takes place 
to compensate for what would otherwise be insufficient 
oxygenation of tho Mood. Through depression of the 
vegus and the simultaneous stimulation of the sympa¬ 
thetic, the heart action frequently becomes rapid and 
weak. Tho vasomotor ohangee are chiefly constriction 
of tho peripheral v easels, duo to stimulation of tho sympa¬ 
thetic nerves. In this connection the reciprocal action 
of tho veins of the omontum is brought into play, these 
vessels often becoming enormously ditto ruled with blood 
Constriction of peripheral vessels, combined with en- 
feebleiuent of tho oiroulatlon, accounts for the paler 
and cold extremities so often seen. The eooretmnx are 
often decreased In amount through narrowing of tho 
vessels supplying the glandular tissues. The exlremoly 
dry mouth and lips which probably everyone has ob¬ 
served when he has been worried Is a familiar example 
of this. Tho stimulation of the sympathetic may, on 
the other hand, he so sev ere as to bring about in creased 
secretion in spite of the diminished blood supply, as is 
evidenced by the eo-oallod "cold sweat ” Inhibition of 
motility of the stomach and intestines appears to be 
brought about by stimulation of the splanchnic nerves, 
again a part of tits sympathetic system. 

In addition to the nervous system as a means of co¬ 
ordinating the various parts of the body there la a 
method which makes use of chemical processes. In 
some of the lower organisms this latter method is the 
only means of unification and Is developed to a rela¬ 
tively high degree. Tho difference between the two 
methods is essentially one of time, the nervous system 
being obviously the more rapid by far. These chemical 
substances have been given the names "hormones" and 
“eulyones,” according to whether their functions are 
those of augmentation or inhibition. They are ell 
Included under tho general heading of "internal scare- 
lions” 

Internal secretions are substanoee produced by gland 
cells from raw materials furnished by the blood, which 
are afterward passed back to the blood or lymph stream, 
to assist in regulating the general nutrition of the econo¬ 
my or to serve some more specific purpose of equal Im¬ 
portance to the organism. They differ from the better 
known or external secretions in that In sll typical eases 
the latter are poured out upon epithelial surfaces which 
communicate with the aitenor, while the internal secre¬ 
tions are discharged upon the oloeed ondothelial sur¬ 
faces. of the Mood and lymph vessels. With their de- 
vdopiMJt In nay organism, a susceptibility to their 
actio* must arise in certain of lta structures. In the 
breadret sens*, internal secretions must be looked upon 
M something oomraon to all active tissues, but the best 
known and probably the moat important on*s are 
produced in the liver, pancreas, thyroid, adrenals, pitui¬ 


tary body, and probably the ovary, testis, thymus, 
kidney, and spleen. From the standpoint of their im¬ 
portance In worry, thoae derived from the pancreas, 
pituitary body, thyroid, and adrenal glands seem to 
occupy first place according to the theories evolved as 
the result of the most reeent investigations. 

For experimental corroboration of our theories we 
are compelled to make nee of animals, suoh ss the dog 
and eat, because of the fact that ohcmloophyskilofical 
experiments suoh as three nec e s si tate extensive and 
dangerous surgical procedures. Therein lies a great 
difficulty. Although the animals an readily obtainable 
we an never sure that a condition of worry analogous 
to that found in the human organism Is simulated. These 
animals are, however, visibly susoeptiWo to ageooire 
producing fear, and by modifying the results obtained 
while they are In this state, in accordance with the In¬ 
timate relation known to exist between fear and worry, 
many of the theories regarding tho influence of the 
Internal secretions may be substantiated. 

The function of the internal seoretion of the pancreas 
seems to bo that of assisting In the oombustion of gly- 
oogen, the product of starchy materials Ingested as food, 
In the muscles. Muscular energy 1* derived from this 
oxidation, but hi order for it to take place two ferments, 
one produced In the muscle itself, and the other the In¬ 
terns! secretion of the pancreas, must be present in 
quantities of a certain definite proportion. If the balance 
is destroyed it oannot take plaoe, and the sugar accumu¬ 
lating In the blood to more than the normal peroentago 
appears in the urine. 

Two theories as to the part wldoh worry plays m 
diabetes deserve consideration. The flnt is to the effect 
that the pancreatic ferment Is decreased, awing to con¬ 
striction of the blood-vessels in tbe glandular tissues. 
Tho other is that liy stimulation of the sympathetic 
nerves the secretion Is Increased. The latter theory 
seems to have the more supporters, but In cither case 
diabetes results from an overturning of the balance be¬ 
tween the rnusclo torment and the product of tho Islands 
of iAngerhans. 

Worry also seems to increase the internal secretion 
of the pituitary body. Recent experiments show oon- 
uluslvoly that an exooss of pitultrin In the blood, without 
other complications, produces a marked n»e of blood 
pressure uid a slowing and strengthening of the heart 
beat. It appears to slow the heart by acting upon tho 
peripheral endings of the vagus, the nerve whose function 
it Is to bring about that phenomenon normally An 
Interesting feature of its effect upon vasomotlon is that 
while moat of the peripheral vessols are constricted tho 
arterioles of the kidneys are dilated, allowing an abundant 
supply of blood to those organs. At the same time, 
pitultrin exerts a direct stimulating effect upon tho 
secreting cells of the urinlferous tubules. Those three 
factors increased blood supply of tho kidneys, Increased 
blood pressure, and hyperactivity of tbe secreting cells 
—may well account for the marked diuresis so often 
ubsorvod in worried Individuals. 

Occasionally, after long-continued worry or extreme 
fright, the symptom complex—known as exophthalmic 
goiter—is observed. It probably does not affect an 
Individual unless a previously enlarged or disturbed 
thyroid gland Is present However this may be, the 
disease Is undoubtedly associated with a hypersecretion 
by this gland. Since It Is supplied by the sympathetic 
It seems reasonable to Infer that this overeeeretion Is 
brought about by the stimulation of Its controlling nerves. 
An excess of this substanoe in the blood, in oontrsst to 
the effeota of pitultrin. dilatos peripheral arterioles, 
probably by a direct action on the muscle In the vessel 
walls, bringing about a visible flushing of the skin. It 
also appears to have an antagnostio effect upon tbe sub¬ 
stances which influence the nutrition of the body, as Is 
evidenced by the rapid loos In weight In this disease 
and tbe excretion of large quantities of nitrogen, oarfaon 
dioxide, and water In the urine That It has a defini te 
action upon the nervous system Is shown by the tremor 
usually present. The pulse Is at the same time rapid 
and throbbing In character. 

The effects of the Internal secretions thus tar con¬ 
sidered must not be regarded as constant manifesta¬ 
tions of this emotion. In foot, the eases sre relatively 
rare In which diabetes and exophthalmic goiter do occur. 
Inasmuch as we have come to ascribe to all body tissues 
powers of seoretion, Is it not entirely reasonable to pre¬ 
sume that secretory disturbances in one organ may 
be offset or held In aheek In a majority of oases by prod¬ 
ucts of other structures! We know this to be an almost 
universal principle In animal function, ea smp h fle d by 
the opposed actions of the vagus and sympathetic in 
the control of the heart Denied this liberty, we can 
only, at prreent, make use of the vagus term "individual 
luaoepUbfllty" In explaining tills seeming inconsistency. 

Three Is an internal secretion, however, that of tbe 
adrenal glands, which appears to be always asaodated 
with the most oo us tank efforts of worry. Adrenalin, 
or epinephrin, os It Is esllad, Is an sxesUent example 
of the manner In which most of the Internal secretion# 


other, for it hM been ehown that it doee not eot npog 
any organ or tidne wUsh has no sympathetic or eato- 
nomlo nerve supply. In fact, its point of attack appose 
to he tbe end arborisation at the nerve fiber when It 
joins the muscle or tissue. The preeeneeof pfaytotoglaal 
quantities of adrenalin in the body seems to be a Men 
sary condition for the normal functioning of the entire 

The seoretion of adrenalin is oontrolled by the sympa¬ 
thetic and Is Increas e d In worry. Ws oannot my that 
Its presence in the blood in abnormal quantities Is re¬ 
sponsible si together for the phenomena which ere de¬ 
pendent upon the autonomic nerve*, tor we have seen 
how the increased stimulation iff the sympathetic, by 
means of mental overaotivity, can bring about those 
things. It does, however, magnify tbe action of the 
sympathetic and is capable of maintaining this action 
■lone, for a considerable period of time after the sym¬ 
pathetic stimulation has been removed. The latter 
phenomenon Is accounted for by the teat that there Is 
an autogenous continuance of most of the Internal secre¬ 
tions, including adrenalin. In other words, there sub¬ 
stances, coming in oontaot with the tissues which origi¬ 
nally produced thorn, tend to stimulate still further 
production After a time, however, oven this mode of 
adrenalin derivation cosset, for the blood gradually gives 
up its epinephrin by aeration In the lunge. 

After the foregoing discussion It can readily be soon 
that many features of worry have not been considered. 
This condition, together with 1U silled emotions, con¬ 
stitutes an enormous field for further seiendflo Investiga¬ 
tion. In view of the rapid improvement which modern 
laboratory teohniquo is undergoing, and the inoreaaed 
interest with which experimentalists are viewing ptyrho- 
physiologloal matters, there la a great probability that 
within the next few yean many of the remaining doubt¬ 
ful points will be satisfactorily explained. 

Storing Heat 

Aiumiiiisa to a story In Potter n stale dinner was to 
be given In a castle In (lermnuy In which there was 
no heeling system, but ss this medieval condition 
could not he tolerated In modern times, for the dinner 
was a function of recent occurrence, the engineers 
were asked to heat tbe building for the occasion; but 
It was specified that no portion of the hasting system 
was to lie risible In the room. The result was accom¬ 
plished by means of stored hast, for s number of 
days previous to the dinner, the floor of the dining 
room was covered with steam pipes and there pipes 
were kept hot by meuns of a temporary boiler. The 
day before the dinner all the pliies were removed and 
tlie stored heat in the walls maintained tho room In 
a perfectly comfortable condition for a number of 
days, although the outside temperature was well be¬ 
low the freexing point 

Organic Matter in the Soil 

lx the annunl report of tho Bureau of Bolls of the 
U. H. Agricultural liepartmcnt Is the following state¬ 
ment in regard to tbe Importance of tbe organic matter 
contained In soils: 

“Organic matter la essential lo make s soil of what 
would otherwise be pulverised sod more or less hydro- 
llsed rock, and while there sre some soils that contain 
small quantities of organic matter capable of growing 
crops, on tbe whole the quantity of this material in 
average soils Is considerable. Tbe average organic con¬ 
tent of soils amounts to approximately fifty tons per 
sere, end yet the nature of this material has been but 
Uttle understood. It has been believed for many yean 
that It consisted chiefly of some such body os humic 
sold, differing perhaps In different soils, but having the 
same general properties. Ons prominent service which 
there investigations have rendered agriculture has been 
to show the non-existence of humic acid and In hypo¬ 
thetical relatives end to show Instead tbe existence of 

‘This tine of research has been especially profitable 
during the year lost pest, end the number of compounds 
Isolated sod Identified bsa been increased to more then 
forty. Borne of there compounds contain only csrbon 
and hydrogen; some carbon, hydrogen, and oxygen; 
some carbon, hydrogen, oxygen, sod nitrogen; others 
contain phosphorus or sulphur. Isolation la a pare con¬ 
dition of these organic constituents of soils has mads 
possible the correct Interpretation of the abengw tost 
organic matter undergoes in sells. The oamponn* 
found era reoognlsed u representing dsoompasttion 
products of fete, carbohydrates, proteins, end other 
classes of baton! compounds, end t greet deal of light 
b toed thereto cm the pronoun off humus formation 
end transform* tion In the soU These rsmnnlns into 
toe nature and propertioi of sell organic matter have 
shown ooMlwlvely that the mil lnrwtigator must take 
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Peculiarities of Earthworms* 

Compound Forms That Are Hard to Explain 

By Prof. Dr. E. Korschelt 


It ia not so very unusual to find double or multiple 
forms among animals, snob compound structures in 
particular not being especially exceptional among 
segmented words. Some years ago Prof. Dr. E. Kor- 
sohalt described In the "Zoological Year Book of 1904" 
earthworms of doable and triple form, peculiarities of 
•truetar* which had been gained mainly by experiment. 
He now writes an interesting article In the Umtekau upon 
an earthworm with a double rear end, the origin of which 
is difficult to explain. This earthworm, one of the spooles 
Heledrihu league, was found out of doors and was still 
In an Immature state. In crawling the front had meas¬ 
ured to the spot when* the rear end forked 7.5 centi¬ 
meters, the right branch of the rear end 4 3 oentimolem, 
the left branch 4 centimeters (Fig 1). 

Apart from the fact that the warm was sumowliat 
olumader In Its movements than ono of normal form, its 
way of moving varied but little from the ordinary. When 
placed upon looee soil it soon bored its way into tho 
earth and quickly disappeared. When crawling the 
contractile wares passed simultaneously from the front 
end to both rear ends, which worked normally during 
the orawling. The transmission of Irritation was as 
usual from the front end to the roar ends and tiee mtk, 
a point that was easily settled by touching the end of 
the head or of the tails. From this may be deduced tho 
continuity of the main nervous system, as well os of tho 
vascular system and of tlie Intestinal canal. The 
arrangement of the rows of bristles and the way they fit 
into eaoh othor is best soon from Fig 2. At thA forking 
there la some irregularity in the arrangement of lliu 
segments whioh overlap suitably to tho dividing of tlu- 
body (Figs. 1 and 2) In Fig 2 is shown by dots the 
rmpentivo positions and course of the rows of bristle* 
from the ventral side upward. 

It Is not possible to determlno from the nnndition and 
manner of action described whether this anomalous 
structure has existed from the beginning, that is, whether 
it is tho result of the development of tbe embryo, or 
whether tbe douhlo form has arisen from an injury if 
tbe worm bad been Injured when young so that a new 
rear end grew out from the wounded spot, or If the lad 
end had been completely lost and, on account of a suit¬ 
able conformation of the surfaoo of tho wound, two rear 
ends grew out of tills, there oould follow under the cir¬ 
cumstances, a far reaching rearrangement of the segments 
and it would hardly be possible to determine the differ¬ 
ence of this form from a double structure arising from 
embryonio development This has been proved by a 
fairly large number of double-tailed worms produced by 
Dr. Korschelt by means of experiments. He says fur¬ 
ther: 

“During some earlier exhaustive resoaroliM observa¬ 
tions wo* mods as to the lungth of on earthworm's life, 
whioh led to the surprising conclusion that these worms 
can live ten yean and more The sen tar is now able to 
give more exact information as to the conditions of tbeir 
life It is entirely accidents! that these observed worms 
were ones upon which transplantations had boon made. 
It was not Intended at the time to determine the longlh 
of hfo but morely to watch the changes which might arise 
from the operation made upon the worms. For this 
purpose they wow subjected to observations covering 
a long period of time la addition, tbe selection of the 
aperies of earthworm, LumbHadtr, was also accidental 
and was brought about by the kind of operations made 
upon them, just M this, on the other hand. Influenced 
tho Ufa of the respective worm. The life of the Bttenta 
(AUolobeptwra) fahda was, for iastenoe, a relatively 
brief one, bring from 3H to AH yean. This brevity of 
Ilfs oan be oooounted for in this way; either tbe anions 
Of parts were such as not to have much vitality, or 
external riroumstances affeoted the length of the respec¬ 
tive experiment and shortened the period of observation. 
This latter explanation bolds tree fra the single specimen 
of lAtmbrier* lemsfrts (L. Htmilnu) whioh was kept 
for a considerable length of tints and which lived to be 
6*tf to 0 yean old. Experiments wen made on a larger 
scale with the Btlodrilut longs* (AUoMopkara) [Lu m- 
Mew] Isrrerirti, and somewhat by ohaooo a Urge number 
of specimens of this spoaisa of earthworms was preserved 
far expsriment, and for these worms the carrying out of 
the sxpwiment permitted as a matter of oouree a longer 
least of life for the united portions. The respective 
spodmoi lived for 7H. ud 10 H yews " 

It should be remembered in oonneotlon with the ogee 
giro* that there won worm* whioh wore kept in oonflw- 
mest under —limited conditions of space. The 
qtmetlon could be raised whether these conditions are not 
♦ TreedMil from Umtchn, 


more likely to produce a prolongation rather than a 
curtailment of Ufe, as the Imprisoned worms livod in 
comparative Inaotion and their forces were only exertod 
to a small degree. It Is difficult or indeed hardly possi¬ 
ble to answer this question with oertaiuty so long as we 
know nothing positive on this point concerning worms 
that lead a natural life, especially as wo do not know 
whether they pass through longer or shorter periods of 
inaction. In general, the earthworm* are probably not 
much affected by unfavorable conditions of temperature 
and weather, as It is potnblo for them to go down to 
considerable dopthsm the ground. How far they really do 
this cannot be determined with oertalnty from the obser¬ 
vation* so far made It seem* that earthworms go down 



Fig. 1.—Kaln worm alth doable rear end. 



Fig. 2.—Arrangement of bristles at point of sepa¬ 
ration. Evident Irregularities of the segments. 

2 to 25 metirs in the ground Their bumming inn Ik* 
easily traced down to 2 nu ter*, so that those which are 
long enough lived to do this seem to be well protected 
against tho oold, On the other hand, fro sen earthworm* 
have been found in the ground at about a depth of 0 5 
meti-r. Tho question lu-re is whether such worm* could 
not awaken to now Ufe if the cold were nut too mvuo 
and too long continued. 

There have been repeated accounts of earthworm* on 
and in ice and snow Experiments in freezing them have 
also been made which show that earthworms, and also 
othor OUgoohsle, nan bear relatively luw temperatures 
without permanent Injury. Dr. Korschelt made expKn- 
menla with various Oligoohsete which were exposed fur a 
considerable time in glasses of water to the almost 
oomplste freeling of the water, The .experiments were 
up to 24 boon In length at a temperature of 5 deg. Cent, 
and lower, and the worms began to move again after the 
water gradually thawed out They were absolutely 
vigorous and were obaerved for weeks further Taken 
altogether, earthworms seem to have less power of resist¬ 
ance, although in the experiments made rn them thoy 
always boro temperatures down to 5 deg. Cent, for 
though they see me 1 to be frown (jiff they always re¬ 
vived to freeh life. 

"It is safe to deduce from these experiments and 
observations which have been continued up to the presont 
time," continues Dr. Korschelt in dismissing his experi¬ 
ments, reports on whioh he has published in various 
scientific journals, "that the worms under natural 
oondltioai oso boor a fairly low temperature, go through 
a certain condition of freeting and that wake up to a new 
Ufe. Earthworms which are dug np in winter after a 
period of frost hardly move at all and seem froxen, but 
in the temperature of a room they soon become more 
aatmafari sad crawl about. It Is moat probable that tbs 


earthworm goes through a period of torpor somotlung 
like hibernation at a considerable dopth in tiio ground 
\t any rate, just as such early observers as Morrcn, 
Uoffmeuter, and Henson stated, they are found in tbo 
unkrged ends of pipes, rolled up in a ball oither singly 
or m nests." 

According to observations made upon imprisoned 
earthworms by our author, they enn also pass through 
periods of torpor of another kind, namely, periods which 
protect them from droughty conditions. When mois¬ 
ture is looking for them they withdraw into the depths 
of tho ground as far m possible, and they ore found rolled 
up close together in an underground hollow which has 
fairly firm walls, smooth on tho inner side and apparently 
held together by a secretion of tbe worm. If the torpi¬ 
dity lasts a good whllo, the worms Into decidedly In 
volume, beoomo shorter and show retrogression, es¬ 
pecially of the genital region. This may be explain* d 
by the loss ot water and the insufficient amount of nour¬ 
ishment taken during this' dry sleep " It this condition 
does not but too long and tho worms become mrist 
again, they then come ont ol tho oarth-oapsule and unfit* 
normal conditions resume their former mode of lire. | 

"Those observations show a oertaln agreement with 
thoso communicated by sevchil other investigators but 
traced to other causes,” says Dr. Korschelt. "Thus W. 
Harms remarks when making- experiments in trans¬ 
plantation, that the earthworms lying in a round boUoiy 
would He themselves up Into a 'light knot’ after they bad 
stopped taking nourishment whllo still moist and when 
Kuffloiont nourishment wu» present The worms, eon- 
N-quently, had fallen Into a kind of ‘heat torpor,’ in which 
if it lasted too long, • erlnin retrogression* of their or¬ 
ganisms would appear similar to those described above 
in ‘drv t-lcop,' and this could load to considerable re¬ 
duction in sice, as a shortening of th* body. Homes hat 
different are the statement* made by Vojdnv»ky, accord¬ 
ing to which hi* observations concerning the ap|Miarauoe 
of torpidity in oarthworms both out of doors and In 
imprisonment wore not to bo traced to condition* of 
temperature and weather, but rather to exhaustion after 
continued sexual activity. That thoso oarthworms 
w luch had burrowed down Into round holes In tlie ground 
had also, as In tho aliovo mentioned cases, suffered a 
reduction ot tho genitalia tut well os one of tho bulk of 
I bo body seem* very probable from Vejdovhky's state¬ 
ment As thA hole* in the ground lav* a fairly Ann 
wall. Vojdovsky apeakb directly of an 'encysting,' and 
compare* It with tho encysting of another Ollgoelueta, 
the Acltomn, alilc-li lioth ho and Beddard had observed. 
This latter, a wutor worm, when unfavorable condi¬ 
tions uppco hrcrele* around itself a layered envelope 
in which it In-a curled up. It thui passes through the 
unfavorable weather, and when conditions are onee 
more Mutable it comes out of the onv(dope. The author 
himself has hud on asion to produce by suitable measures 
the encysting of this worm in a llin kly populated Aeol- 
wuna outturn anil thus to confirm tho obscnalion* made 
by tbo two abovo-named invi*tigators.” 

Tlie exceedingly scanty numW of observation* con¬ 
cerning the torpidity and encysting of the Oligorhietoi 
has just been mi-rinsed by an observation made by 
Mraxok on the ClupartdnHa, another worm whioh live* 
In tho water Those worm* are accustomed to Hve at 
spots which are exposed to drying up. When there Is 
danger of this dryuos* thoy creep under the fallen leaves 
In the deeper layer* of mud, roll themwlve* up here aud 
•ourete around themselves a glutinous onvermg In 
Mra/ek’s opinion this action may also have another 
meaning, namely, that proowMS of separation In the 
organism of the worm may take plai-e within this oapsule. 

The objeet of thoso communication* was to compare 
the prevailing conditions among earthworms with those 
existing among the other Oligoehietm, and by the appesr- 
aueo of nndouhlul periods of torpidity among the latter 
to strengthen the ooncluslon readied ooneerning the 
former This does not settle the point how far ttumo 
conditions of existence affect the question of the ago 
attained by earthworms, but even If oertaln reductions 
have to be made In the figures of 8, 8 and 10 yean ob¬ 
tained for the ages by direct observation, the figures 
that remain far exceed all expectations. 

A Randan Embargo on Wooda 

Tine Forest Service of the Department of Agriculture 
Is authority for tlie statement that tbe Russian govern¬ 
ment has placed an embargo ou all kinds of lumber, to 
prevent Us exportation; walnut lumber, Including Cir¬ 
cassian walnut, much pil»*l h> Aim-ilenu furniture 
maken, la spoctitatUy mentioned. 



Showing cofferdam, molds, and reinforcing ban of the pirn of the Pennsylvania viaduct. 


Concrete Viaducts on the Pennsylvania Railroad 

Replacing Insecure Wooden Trestles With a Substantial Road Bed 

By Day Allen Willey 




Wiik> I III' JViiiii) ( vii iilti Hill I Cl mil Company liillll Its 
lint 1 from l’lillinlvl|ililu In WnshliigUm Uie umi ut «m- 
i>n*l|i for i IiiiIiiHh iiiiiI bridges mis unknown to Ilia 
engineer. Wlii'ii llic surveyors want mar the proposed 
rmila U'lwii'ii linin' (la (■rniv. on the south nf the Nus- 
i|iicliitiiiiii, 1111(1 Wushlliglon they fniiiul It m>aaNMiry to 
lullin' NSiinliiig* of three Inlets to I ho Chesapeake mi mail 
Ilia llusli, Uiiniiowilar, himI IlHclt riven*, mill It wan 
round thnt till! Ini In of thane Inletn consisted of liquid 
imul to ft ila|ith of over llfty feel. Tlia pltuu* for tiridg- 
lug 1110110 Inletn provided for wooden (rentlen, the rup- 
|S>rt* consisting of wooden pllcn driven Into the mud 
fonnntlon which formed the Imttnui of the luletn and 
nt renirtliened hy n douhle row of liracen fastened dlagon- 
nlly hetwreu eueli jutlr of pllen. 

The structure was so week owing In the uncertainty of 
I he fiiiinilHtlon that pnrtn of Its frequently «uve trouble, 
dclnyluR (ruin Kervlee milII tile defects could lie retu- 
isIIihI. The engineering deisirhnent linn iilwuyn realised 
I lie necessity for iNTinniii'iit \ InductH over tho Hush 
umi iiiuiimwdcr rliam hnvhiK llrui fouiiilHthun*, and It 
nun decided l« ri'iiluee the frame structures with rein¬ 
forced eoiH'rele vlmhietn. 

The right or wny wan iimplo, hut It was desired to 
put In tho new hrldiren with an few now curve* as pos¬ 
sible, and these eoudllloiin were met hy throwing the 
new hrldRc alignment on a slight angle with the old. 
The <■enter line fur the lirldRea wan carefully laid out 
and iueiiMure*l on the Ice lu the winter, making careful 
correct IoIih for tem|ieriiturcH, und nsllig ft ntandardlsed 
tu|ie. 

Tlie old luidRCH were uned an I nine lines and the new 
Him wrm tied In at iiumenum iiolntn. At each bridge 
idte a small concrete pier wan erected on the shore tor 
locating the center line, with Uiree wooden blocks In¬ 
serted for the tripod Icrh. amt the iwrtnt was located 
on this pier, nnd a forenlRht wnn carefully placed In 
the wafer. Thun, practically ull the points were located 
nslng a foresight. Permanent backsight* were estab¬ 
lished. hut were only uned when Ihe forenlRht wan ub- 
ip-nrcd hy amoks, haay weather, etc. 

The river mud waft of the consistency of slit 
nnd win removed by pumping. The piling for the 
foundations wan driven hy steam hammers, at¬ 
tempting 1*1 reach'Ihe desired iwnetrsllon with each 
pile. In some cases, Imwever, It was Impossible to 
obtain the iwnetrnUon Jiecwsary, pruimhly owing to 


the pllt*s striking a conglomerate. Whenever It was 
ImisHsllilo to ohulu the desired penetration two extra 
rows of idles were driven for the pier, anil the foot¬ 
ings Wen* spread. Wooden cofferdams were uned, con¬ 
structed or l) by 10 sheet idling, which were drlvon with 
a small rapid netltsi slwun hammer. Tile puni|» whtrh 
excavated the mud were located on a smnll barge, and 
no difficulty wan experienced In punudng the material 
'.‘XJO feet through 12-Inch pipes. The piles were cut 
off so as not In extend more than 2 feet Into the foot¬ 
ing, pmrlried the dcelred penetration was obtained. 
Where the drat pile lu the plor brought up above this 
point the remainder or the piles were sawed off ac¬ 
cordingly, so Uttlo cutting off was necessary after driv¬ 
ing. 

To make a solid and Ann bed for the concrete foun¬ 
dation a large wooden funnel was built, with an open¬ 
ing so small that the gravel would not run out fist 
enough to stir up the rand. This funnel was loaded 
with gravel and slowly moved around over the coffer¬ 
dam. This process was continued until a layer one foot 
thick was placed, and then It was ready for the con¬ 
crete. 

A concrete plant was built on barge* at each river. 
A Urge hopper dlvklod Into two parts was kept sup¬ 
plied with sand and stone by a clam shell bucket, un¬ 
loading from barfes alongside. The cement was stored 
on the main barge, and In the first plant built, at Bush 
Itlver, the cement was carried to the mixer by laborers. 
In the other plant the cement wag carried forward by 
sn endless chain conveyer. 

The concrete was raised In an elevator to the top of 
the tower and poured through the piping Into the forma 
by gravity. The collapsible forma for the connecting 
arches were made of Stt by SH by U Inch angle* In 
live twits. The upper ones were bent to the radius of 
4 feet 3 Inches. Quarter-Inch boiler pint* wo* bolted 
to these angles, and the angles were hotted to the wood¬ 
en pier Inggiug, and aided coualderably lu holding the 
pier form* In proper alignment. 

The economy of steel truss anpports Is apparent, there 
being about 290 niwnn of the same length in the two 
Rtniotnrea. These trusses were set up on Jacks and 
upright timbers with wedges between, resting an bori- 
xontal transverse timbers, which In turn were supported 
<hi the pedestals of the idem. 

Jack screws wore used to bring the trnssra to the 


proper height, also lu let down tbe trusses when strik¬ 
ing. Tho trunnen were lowered directly mito a barge, 
end towed to tin* next pier hy n ganollne tugboat The 
forum for one nimu were frequently collapsed, liaulod to 
a new position, anil Jnrkrd up Into place In three hoars. 

Expansion Joints were provldml nt every third pter. 
These wore made by luyeru of fbeap felt paper, making 
n thickness of one Inch. The footing Is 10 feet wide, 
33 foot long and U feet thick. 

The piers anil footings are provided with steel rein¬ 
forcing to take care of unequal strains or settlement*. 
Tile footings have Mnch square twisted steel ban aa 
follows: 2 longitudinal bars 33 feet lung, just outside 
the vertical pier Iwrs; 10 transverse bars on about fl 
feet centers, with an extra oue between the two bora at 
the center of the piers. 

The tops of the floor slabs bare a drainage slope from 
all directions pi the 4-lneh drain id|ic placed at tbe 
center of the stall, so water con flow directly Into the 
river. 

An Men of the extent nt this construction, which was 
let isit In one contract, Is given hy the following quan¬ 
tities of material needed: Combined length of brldgre, 
7,TH feet; tote) number of plies, 13,777; number et 
yards excavated (wet) VI,000; yards of concrete ma¬ 
sonry, 70,400; reinforcing steel rods, about 3,800 tea*. 


O feet deep, are made of concrete mixed_ 

tbe ratio of 1#:4, and an oddttioauU 20 per amt 
cement to oumpromts for waah die to Urn depealtl 
<* tbe concrete under water. Bottom damping back 
were used in the cafferdami before the latter wt 
pumped oat 

Wort was oc 

1012, and tbe ei __ _ 

10th. IOTA. Ooasidering the difficulties eooqUntewd 
In connects* with tbe pirn work, tbe nmwret m B eti was 
completed in a remarkably brief period, the gveeiiga 
working force being only 400. 

To teat the etrength of the viaducts a trite of «0 


drawn by one Of tte i _.... . _ _ 

service, wafcMfic oyer IflO toffs, wM bMlef ovge ft* 
gtimotari* at a speed of 8ft mflea aa hour klHiiiot i* ‘ 
loft Ihe . “ - 
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Concrete Mixing end distributing plant on one of the Pennsylvania viaducts 


Actual Instances of Dual Personalities—II* 

Cases m Real Life That Rival the Wildest Fiction 
tdwaril Tyson Reichert, M 1), ScD , I’roftssor of Flivsiologv in ilu l imtrsitj of I'uiust l\ tin t 
Concluded from Scibntific Am»kican sum iMt\r \o 2(U r > Pat,i 1 luuuary l Wi 


Ihc lihturv of Mnnr Reynolds won reported by Dr 
H Relr Hlt<boll to tbu (.olkge of Ihialilxiia of thin 
city III 1888 The subject who a very lmpiemtonahle 
girl A nervous shock resulted In the development of 
multiple pemoualltlea which ixlatcd over a period of 
years her normal pentonallti an In (he canes of the 
fictitious Doiotby and the real MIm. Itcunchamp being 
reatored by hypnosis 

MIm Reynolds* family moved fiou 1 uglaud to tlie 
wild* of western I’eunsylyanla during the early part of 
the eighteenth century 8ht In soil l have ]«>o» swd 
an excellent mental capacity and to tune enjoyed fiilr 
opportunities to acquire knowledge BeMldea the domed 
do art* and social attalnmcnta aho had Improved her 
mind by reading and conversation Her memory wns 
cape clou* and well stocked with Idea* She waa update 
nod reserved and tended to molanchoh When eighteen 
yean of age nhc had hysterical fltn nml after oue if 
then attacks waa blind ami deaf for tlx weeks About 
three months la tar after having almost wholly recov 
mod her normal health she fell Into a profound alec p 
which lasted about twenty born upon awaking from 
which memory had completely fled and she waa to all 
Intents and purposes a being for the lint time ushen d 
Into the world Her parental brothers slaters, and 
friends were not recognised the scenes to which she 
waa accustomed—the house bills Ot Id forest vales and 
stream—iware new 8be began to learn, but always 

wlWfe In this new personality she looked upon those she 
had oom knm 
she was by a 

tnagpigatad, though from where she had not the re¬ 
motest Idea She learned to read and write but her 
handwriting was not the same as that of her primary 

A of bring melancholy she was cheerful to ex 
it and sociable lormcrly taciturn and 
1 and Jocose extravagantly 
A of nature 

• of her second prr 


Ete? *? KmwRmk; t* 



lur family rcmcmbiriug what ahp had planned as 
though but ytsltrday she aoa absolukly without 
niemotv cf tin events of existence of her second per 
tonsllti am) was greatly sarpilsed at the change that 
occurred tu nature over nlgbt 

Remaining la her iirlmsry state for a few necks she 
again fell Into a sleep from which she awoke In her sec 
ondary israuuallty now beginning lift where she had 
left It weeks ago when she reentered I lie life of her 
primary self having now only the fcnowlidgi of her 
secondary slate Her vivacity wit sml humor were 
now so great as to make her company nry much sought 
but her love of playing tricks upon ithers often led to 
much trouble Altemstlous In personality went on fur 
fifteen or sixteen years tlie secondary personality 
tending to remain for increasingly longer periods when 
she assumed the second personality continually existing 
1j> this state for tho remaining twenty live years of her 
life without the least knowledge of her other self bevond 
what bad lieen told her 

Another case In some respects similar to that of MIm 
R eynolds and knowu as Ifillda \ was studied by Dr 
Aram and haa become world renowned Fdllda came 
under Dr Aaam a observation when fifteen years of age 
She had had many hysterical and other troubles which 
led to her becoming a timid serious, grave and melan 
choly Individual who was burdened with anxiety and 
pain Appearing to faint away for a few momenta she 
would awake, having an entirely different personality 
Her pain anxiety and other mental and physical In 
Amities had vanished and she was gay ? I various and 
coquetiah ind morally perverted. She remembered the 
Incidences of her normal lift as did Sallr cf the life of 
Mias Beauchamp but when in her primary state Uke 
Mias Beauchamp aud Miss Reynolds she bad uo knowl 
edge of her secondary state These personalities alter 
nated with great frequency but the primary state lasted 
for shorter aud shorter periods and eras ultimately 
crowded out as It were by tha secondary state is In 
the Case of Miss Reynolds which thereafter constituted 
her constant personality 

It la probahle that In the caws of MIm Reynolds amt 
Ffllda the personality whleh at tied w m i« gidxcd ns 
tha secondary personality wns In ttaUlv the primary 
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(liniigi In tin Indlylluils m nil I inctu iunv illffci 
I«ry Wllill M Inn seen In lb Instance of I»r 
likvll ami Mr Hide a f ini if m ml in nstrislly that 
Is nanlfiHti I 111 an iiihinilt unllcl un eas slid a de- 
imulucnl | ItUHUtL In tlie Infllctl u f t riuio in ithira 
a foim f Immoialltv that arouses hate fear And 
I athlm. In the cases of Becky Sally Maiy Ron Ids 
md Mllda thin wire forms f m ril iniviisI i that 
led to the annoy anee i f tbemsclvea r oth< rs or of sui li 
a I lnd as tu cage ndir sympathy i h* m isl | athetlc am< ng 
tlaso Instances if markisl moral nlhnatl n wns that 
f a young woman n rent It a patient in this illy wh 
In her natural stnto waa the personlflcatii i f all that 
Is attractive lovely anil sublime In v line w uinnb si 
and wbo at times upon awaking from u deep sleep 
would have an entirely different personality with man! 
flotations of moial mouslr sllv tliut vied In illcncss 
with those of the denlsens of the tenderloin 
In many cases the secondary personality appears bnt 
ouce and sooner or later glvea place to H« n rmal An 
Interesting Instance belonging (o this category waa re 
Iiorted by Dr Osborne The subject was a man of mid 
die age In admirable health very foud of his family 
and not known to hove any eoii utrlcltles morihl ten 
dcnrlcs or bad Imblta 1 tr years hi had resided In a 
town near this city aud by slriit apilicatlon to bin 
business which was that of a tinsmith and plumber 
had been successful snd accumulated nome means One 
dull and gloomy bundai In November he mysteriously 
disappeared lie had remained lu the house mainly 
engaged In reading and plavlng with hfs younger chU 
dren until 4 oclock \rbdng from a <ouih uisni which 
he had been reclining ami iiadlug lu said that lu was 
going out fi r a short w ilk and n little fresh air 1 els 
urtlv qulitly and hi imruitli isifectly normal la 
stepped oulsldt of tho door to disappear as mysti rluuslv 
as though Ibe earth had swnllowed him 

Iwo vtars liter In a tin shop In one of the sonthen 
towns wlnii i number of men wen <n„ig 1 it w ik 
me of tlu nan snddenly dropped his worl mil picas 
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bis head In a daied way exclaimed 
am I’ How did I come beret Thla la 
bat doe* It meant At Brat the man 
laugh and Jsst at the man who for 
tad been no reserved and aober and 
■o quietly by their aide but of whoa* 
ft nothing Seeing hla changed expre* 
et with perapl ration and hta narrow 
hearing hla plteoua appeala they be¬ 
nd called him by a name that waa 
ret the one he had given them Trem 
eased emotion he made hla way to the 
,1th some difficulty made the proprietor 
■w condition and the atory of hla north 
’ and prosperous business which aa It 
he had left hot the afternoon before 
ied name he had been known and paid 
rlod from the time he left home until 
a complete blank After ascertaining 
of hie family he Join* d them and from 
c living the life of hla n >rmal self 
ntar of different personalities may do 
Indlvldunl the jarson living aa mnny 
ub brim, purll) u wholly Ignorant of 
(he others 1 hue a man by the name 
of wealthy |>eoplc who lived In I ondon 
s ut lives mingling In four different 
v mid having four different sets of 
nsclentione clerk he wss qnlet retiring 
1 little fyr the airlety of women did 
vns extremely exemplary in hie habits 
a I bicycle rider he wae load voiced 
ring profane a smoker and n drinker 
■ he waa a fushl m | late in hla attire 
if gractfnl case mid extremel\ lopulier with the indies 
four of whom In different init-* f I melon he was 
uikugid to marry As a burglier lie wss moat skillful 
mid (taring nnd It was rnly after years that shrewd 
letcefives ran him down and n t knowing of Ills pern 
Urn menial slate had him committed to prison as a 
es inuicm criminal 

\ case of n mnn havlig six pers iirIIIun w is reported 
I e IV uem nuel Hurot In the Brat pers nallty ho wna 
lull stive violent arrogant rnde disrespectful and 
nllglous rmharraased la speech and with limited 
tliiuah peer !ho mimory In the second personality h< 
wnsiestMid gentle In speech orderly us|ie<tful with 
nl it Unions opinion nnd his speech wns easy and It i 
■min tall in clear nnd he had little raemniy ef the test 
In Ihc thiol personality hta aisle was eerv much Ilk* 
the second hut his memory was limited entirely to tho 
thliel stale In tho fourth personality he was timid 
sad well mannered and hta intelligence wns liluse hU 
meracry confused and hta langnage Incorrect and child 
Isle In the flfth pcrsonnllty his menial stale reverted tc 
the p< clod whe n he wns fourteen years < f ago Ho hud 
the timidity language and attltndc of a child and wns 
without mi inory i f any of the Incidents of hta life sul 
secpient to this lime In tho sixth pers nallty hi was a 
prniicr young man a soldier of the marine cor]* am) 
his momcrv embraced his entire life excepting the 
period known ns hta f urth state 


and be foil bead foremost, striking hta head, and when 
picked up e few momenta later life se e med almost ex 
ttnet In this state he remained for two hours, then 
began to more looked aiound In n bewildered way, roes 
from the bed end In a daxed manner attempted to push 
aside one of the physicians. Ills three attendant!, be¬ 
lle ring him to be delirious, seised tdm and attempted to 
force blm beck to bed, but Mr Hanna'i strength, while 
ordinarily excellent, now eoemad herculean, end hta 
opponents were readily wonted finally he waa over 
come and securely bound with straps for four of hla 
Injuring himself or other* While now having the 
physical strength of an exceptionally robust man hla 
mind waa a blank as void aa though he bad Just been 
ushered Into the world Ha law smelt, tasted and 
touched but these sense* conveyed absolutely no mean 
lug excepting aa to mere light and darkness and eolor 
Objects space and time were without intelligent per 
ccptloo There was no perspective sense everything 
Irrespective of distance appeared close to hi* eyes gtv 
lug him the Impression of one groat picture An object 
seen through the window appeared os near a* hta out 
stretched hand and he would not have bad any heel 
taucy In attempting to grasp the moon 
Sensations of hunger gave rise to great ills tress, but 
without arousing the least knowledge of the reason 
Pood placed In hta mouth did not excite any sense of 
Its use He made no attempt to cither masticate or 
swaUow It and In order to feed him it was necessary 
tu force food back Into the phamyx to cause reflex or 
luviduntary swallowing movements 
Bodily movements alons at tint attracted his atten 
tlon and he learned In time to distinguish betwoen 
movements of bis owu body and those of other people 
and things He gared at moving otijrels with the won- 
dinncnt of the young Infant and aftir he had Ifsrnttl 
tu associate movt raents with life he thought all movlug 
objts ts living things the swaying of the braui bee or a 
Ins ap|>earlng to him movements of living cron turns 
sul thi home and mrrtage a single living object 
He heard conversation or noises as he termed them 
and In time recognised that by their means jieople could 
uuili rstand each other nnd nltliongh he had not the 
least Idea of the meaning of s single wird he the ught 
hi i mid learn to communicate with othcia by repeat 
lug the noises he had higrd Hence he would again 
md again repeat In hi*, mind thisc sounds and then 
npoat alood words and Hciitcuces lie hail lommlttfd to 
memoiy but he was surprised to find that hi wns not 
understood and for a time he became discouraged N >t 
knowing the meaning of hla utterances hta speech was 
if (nurse utterly unintelligible It was not until tbf 
lapse of two (lavs that hi had learned the nal mianlug 
of a single word 

By this time ha was able to recogntao time by the 
llffeience lx tween daylight and lamplight and by the 
lecurreuce of the three dally meals His education may 
now be said to have been fairly started Hi 11 gan ti 
understand sitcuk ipail aud learn to walk 
Owing to bis mental faculties having been highly dc 
v eloped and to hla Inherent capacity for rapidly acqulr 
lug knowledge he learned with amaring rapidity even 


of tbs event* of the previous waning b« could not Id 
tny wuy teeeua* for the tut*. WbsD utat how hs 
frit, be said “1 test Just like Blp Van Winkle.” After 
remaining In hta primary stats for thrss-qoartar* of an 
boor he fell asleep awaking In hta oscoud personality 
hta mental Ufa beginning where It had ceased upon fun 
leg to sleep tbs night before, he not haring a rsetlga of 
knowledge of what had transpired between tbs two 
periods of olesp 

From this Urns on there followed frequent *1 terms 
tlon* of the primary and secondary personalities, the 
transition from one to the other occurring without 
obvious cause and with Increasingly greater frequency 
The alternations wore for a time wholly unknown to 
Mr Hanna, excepting In so for as be wss Informed by 
others and owing to the my different memorise of the 
two states more or less serious embarrassments were 

With the passing of time the frequent alternation of 
pereona l l t lea, the gradual acquirement of knowledge 
during the periods of hta second personality, and the 
Increasing Information received from those shout him 
of hta mental dual existence, there came a moment 
when ha clearly recognised the existence end differ 
eucee of tWw personalities or mental lives Struggles of 
the two for the possesslou of the body occurred at 
which times Mr Henna would be In a dosed state and 
In neither one nor tho other personality What went 
on In Mr Haanas mind was quite accurately retnem 
hired by him And Is well set forth in a statement made 
by Mr Hanna to Dm Bldta and Ooodhart 

Mr Hamm stated that while lying upon a lounge In 
one of these daxed conditions he had engaged in one of 
the moot Intense struggles he had ever expi rleuccd 
The two personalities thi primaly and secondary 
states rose simultaneously and confronted each other 
Karh of them wss the 1 still they differed from each 
othtr Ihg memories seemed to be those pf two different 
persons jet be recognised that both wore hta He could 
nvt choose one because It differed from the other nor 
fluid the two lie Joined The struggle produced great 
perplexity anil perturbation He felt that both wen 
his yet It seemed Impossible to nnlfy them Oue itmld 
not lie Bbandivmd buaraie both came up constanllv 
liefore him as though exclaiming Wo are one though 
different It seemed as If each said to the othir 
Thou art a mortal foe auil vet thou art bog* of mv 
I) ne and flesh of my flesh Bach It seemed had for a 
time tried to irush or suppress the other The question 
In his mind wns wblih if the two lives ho should re 
Joct and then the struggle won not vo much to choose 
one as to forget thi nthi r both pi rotating In hta eon 
m lousm ss as though enih memory was stronger than 
hta will fcach memory soimed to he within the same 
physical being as if there were two bodloa alike like 
twins that had lived entirely differs nf Uvea or like 
twins of the same Ixxly with tastes faculties and na 
tuns very similar Ihc time lame when he realised 
tli it he must take one or the othi r ivereonallty The 
loilstuii was difficult aud tho mental stiuggle great but 
he Anally decided to adopt both bemuse of the fiat 
md anxli ty that the struggle would bt repeated again 


developed In twenty months and In one of them she 
revereod (virylhlng—to her white was Ulaik hint was 
cold itc and rven her wilting wns revirsid 

Among all of these reinaikable eases of dual iierson 
nllty none Is on thi while so lull resting and so In 
struttlve ns that of the Rev Thr mas 0 Hanna whleh 
was inrefully studied hv l>ri Mills nul (oslhnrt 
( Multiple loraouallty 1005) an I no minimai v bow 
ever brief would be edequati wllhiut at leant sime ref 
in nee to this extraordinary record 1 hi dlfferemes in 
I hi personal traits the complete loss of memo] > In the 
secondary state the gradnal childlike ncqulslll n of 
1 nowlidge the childlike wonderment of what was seen 
and heard and the ultimate recognition of the existence 
f two personslttiis with their separate lives and their 
III al blending fi rm one of the most absorbing stories In 
isvthophvslologlcal literature 

The Itcv Mr Hanna waa born In 1072 mid had an 
exceptionally good family history and all (he advsn 
Ihm s of an pin III nt edneatlim and waa a good scholar 
III I ulered I he Manual Training School of this city and 
Ills high scholarship pained for him sdmtaalon as a free 
student to tho Architectural School of Ibis nnlvnrsltv 
During hta stay with ns his sense of religious convlc 
tlon became so awal cued that he gave up his studies 
for those of theology nud In rilir to prepare himself 
for tho practical duties f thi ralnlsirv he took up mis 
slniury work 

lit liflrt an earnest ardent sympathetic and Impulsive 
listen was well balanced and posseswd a strong will 
comllnrd with perfect self control Re And him at 
twenty five tears of age the pastor if n ehnrch at 
riantsvllle flonn 

At 7 o clock one Thurmta} evening when attempting 
to alight from a carriage hta foot caught In a tap rob* 


known In bis normal Ilfs 'linn* he learned In a few 
h uis ti play the Itanju an Instrument with whlih he 
hud luid absolutely no experience 
1 r marly two months he remained In thla mentally 
h 11(1 like stnti gradually but with extraordinary rapid 
lt> acquiring the ilemenUry knowledge common to 
inrly childhood having absolutely no knowledge of his 
I x 1st* n e before the accident or of hta actual relations 
lo thr people about him and developing during this 
1 crlod an entirely distinct personality as different from 
bis normal as the personalities of two people differ 
Ills memorv was so keen during aud after this period 
that upon bis ultimate recovery he was able to glvt a 
minute account of hta experiences and thus unfold a 
remarkable history of Incidents such as presumably are 
attendant upon the education of the infant and vtrv 
voung child 

ihi period of sicond personality lasted for seven 
weeks aud waa ended by his falling asleep ami awak 
lug as the Rev Mr Hanna be now having absolutely 
no remembrance of what bad transpired since the mo¬ 
no ut of tho accident He thought that the accident bad 
ocx urn d the evening previous aud when told that U 
was seven weeks ago he thought the speaker jesting 
and the stoTy a huge Joke * 

ne had been In New York for some time but be 
failed to recognise hta surroundings and the people 
who had been In constant attendance for weeks peat 
wc re alocolute strangers excepting hta brother tbs only 
one be had known In hta normal state 
In the midst of the cod v erna tion be suddenly ex 
i Inlmctl What a funny taste In my mouth you must 
leave Imx-u feeding ms on tobacco" Before going to 
sleep be had smoked a cigarette but not haring uaad 
tobacco for many years and not baring any knowledge 


rcnces would be too gnat to endure And bo In time 
the two personalities differing so mnch wore fused 
Into one healthy nomml mental Individual-into oni 
tgo or I tho present Mr Hanna 

Ihc pawing of the hour permits of hut an additional 
word We are creatures not only of tinlay but also of 
yesterday la the secouilnry personality of Mr Ilanna 
wo found evidence as development proceeded of the 
presence of hta primary state and In the latter state of 
bta secondary state Time and again one state would 
forte Itself Into tbs other each for the time struggling 
for mastery Anally ouc letting go as It were the bet 
ter or the worse stale becoming for the time the Rev 
Mr Hanna 

In each of ns the Bgo or I is not a unity but a dual 
It} a blending of primary and secondary selves of coo 
sclooa and snhc oosclons mental Uvea of mental proc 
esses that, broadly speaking express the human and 
animal sides of our natures As one or the other may 
for a lime dominate so are our personalities modified 
As tbs speaker Is uttering sen tones after sentence he Is 
conscious of the occupation of the mind with the 
phrases of the moment, but beneath this consciousness 
there lies a most potential mental life or background 
which while seemingly latent or wholly beyond the 
field of consctonaneos or Introspection ta extremely sc 
tiro a Ufa that embraces memorise of part experience 
of self and counties* ancestral Individuals. It contain* 
the fundamental structural material or sense-Imagm or 
mem oris* from which all our thoughts are built anti 
moulded 

Oar physical peculiarities are heritages that go back 
Into the dim past, and they are sTprsrttana of camms 
that had origin beginning la time unknown, our men 
tel Ursa an heritage* that likewise have ooma to ua 
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through a co a n ti l Um of aaosoton for thousand* of 
owtotea. Tba tapraa of oar progenitor* upon oar 
won tel Un* i* not 1 m* than upon oar physical lire* 
Just a eodi of us ha* in Ego that La t blooded duality 
that la readily reparable into two different Mins, so 
baa each of o* a dual immortality—an Immortality of 


the aottl that la our* alone sod au Immortality of the 
mind and flesh that to transmitted to oor offspring and 
which panne* from generation to generation I he emu- 
tiooa and thoughts of thousands of preceding genera 
tiona and the acta of the Urea of the Utbarlnroc ur 
agea wnl educated educated and culluied IndUldoala 


who through the tours* of time have ultimately given 
us bltth echo and u who In oor la Inge Their perron 
outlet I Ike their bodies have been l>oru and reborn In 
their children and children*, children to be born and 
nhoin for bcttei or worse In ourselves and our off 


Some Features of Photo-Chemistry* 

Are They the Results of Electrical Phenomena 


Tan subject of photo-chemistry u ono about whic b 
comparatively little u known While the applications 
to ordinary photography are well understood the theory 
that leads to the ehonueal action of light u far from being 
perfectly comprehended. 

The photo-chemical process has two phases The 
production of a compound n one phase inch aa tho 
production of chlonnc knall-gaa The other la do ompo- 
Btoon, aneh aa the dooomposition of hydrogen phosphide 
with separation of phoepbonu Thu latter phase is by 
far the more common The chemical action of muihgbt 
such aa that shown in the bleaching prooen the produt - 
Hon of green oolora in plants, and the well-known action 
of light oseil for blue-pnnting, liavo bun known for 
oenturlee Only recent inveatigationB however havo 
taught us that numerous compound! art* sensitive to 
light, and oonvmood ui that here wo are dealing with a 
mutual action between other vibrations and ohemual 
forces By experiment it la found that the chemical 
action of light takes place only in • peual eases as it is 
held that illumination can exert an influence on tho re¬ 
action velocity of a system which ia In the process of 
change, or on a system in the state of equilibrium which 
is m ohemksal repose 

Before diseuimig the theory of the other vibrations, 
it might be well to cite a few features of ordinary pho¬ 
tography Tho modern ehonueal mi thod employed in 
development rests on what is known as the latent 
light-action of tho silver salts" A gelatine film im¬ 
pregnat'd with silver bromide is first illuminated and 
then treated with reducing agents The silver haloid 
in the plate is then reduced to sdvor most quit klj At 
tho illuminated spots this reduotiun results in tho forma¬ 
tion of free halogen, but the nature of thu rodui lion 
product is not known in all oases On the illuminated 
spots of the plate small particles of metallic silvir are 
deposited by rodui turn, their density mi reaaing with the 
intensity of light, hut always in suoh small quantities 
that no visible change occurs m tho substance of tho 
plate When the plate is put into the developer those 
invisible silvor particles vlu nuclei for the jirocipita- 
Hon of silver, just as small crystals bring about crystal¬ 
lisation m a super saturated solution Tho denser tho 
silver particles at any spot the denser will bo the deposit 
of silver during development 

A valuable aid to photography was furnished m a 
discovery made by Vogel in 1878 lie found that photo¬ 
graphic plates may bo made more aensitive by inter¬ 
mixture with slight traces of organic oolonng subslanoei 
Also the plates ars usually especially sensitive for kinds 
of light absorbed by particular oolonng substance* Thus 
plates may be prepared sensitive to yellow, blue or red, 
or any colored light Thu phenomenon u called optu el 
seontatlon Bo far no theoretical explanation has been 
given for it 

As light u thought to be a phenomenon occasioned 
by ether vibrations, the theoretical consideration of its 
chemical effects must he with those vibrations When 
ttber vibrations traverse a material system, they occasion 
two different result*. First, they time the tempera¬ 
ture of the system their energy being partly converted 
Into beat Beoondly, they occasion chemical obanges, 
occurring at the expense of some of the onergy of vibra¬ 
tion The first phenomenon u known as the absorption 
of light, the second as tho photo-chemical absorption of 
light. Dares, liquids, and solid* all respond to other 
vibrations, such as the explosive mixture of hydrogen 
and ehlonne, chlorine water whioh gives up oxygen under 
the influence of light, and white phosphorus whioh 
changes to the red modification, in light, or cinnabar 
which tans blank Whiln photo-chemteal action may 
bs produced by any type of ray, it depend* on the wave- 
length of the tight used, Uks ordinary absorption 

A set of empirical ten of photo-ohemieal notion, com¬ 
piled by Bdsr, serves as an aid tounderstand tbs chemical 

astionof Ught-eays They are (1) Light of every wave¬ 
length fa onpobfe of photochemical action (2) Only 
these rays are effective which are absorbed by the system, 
so that the chemical action of tight W closely associated 
with optical absorption, although the eon verse a not 
true. CS) According to the nature of tbs substance 
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aluiorbing light every kind of light mav ui t m au xidu 
mg or reducing way The red light mu an oxidizing 
effect, and violet light a rodui mg effect ou tbi nictal* 
(4) Not only the absorption o! light rnys by the illum¬ 
inated substance itself plays an important part, hut also 
the absorption of light by a fun ign substance mixe d with 
tho principal substance for the sensin'.cmns can be 
stimulated for these rayB which are alisorbed by the 
admixed substance (5) A substance sc raitivn to light 
admixed with the mam substance and which uiiilu, 
with one of tho products resulting from photo-* hoinu at 
action (as oxygi n, bromine or lodmt) tends to a< u li rate 
the reaction velocity to sui li an cxtint that revirsal is 
impossible This may bo regarded as \ oonsc qnun u 
from the law of mass ac tlon 
As stated aliovo these laws can only be ngardul as 
empirical The re are sume c xm plums notably to (lj 
Bed light exerts a reducing effort in the casu of the 
latent light-action of thi hilve r unit-, while violet oxidizes 
organic compounds <w|m i tally i iilorloss ones these laws 
were ascertained l>y moans of instruments known as 
aclmometcrs, which miasuro tho intensity of tho chomi- 
cnlly active rays The idea of actmomoters is a most 
important om AU pieces eg apparatus whn h arc dc 
Mgucd to measure) this intensity, and which colloctnely 
depend upon tlu observed changes which arc oxpen 
omed by suhntanoc* senwtivo to light when under the 
influence of <tbcr vibrations, are call'd actinomiUre 
The data obtained from actinnmotcrs of all kinds must 
be ciinsid'rcd as having a partly individual nalun 
They givo only a rtfeiln* meuaunmont of the intensity 
for if thi same kind of light is used tho nalun and re¬ 
al Uon vehsity of the chimieal procnu, occasion'd in 
each case will vary according to tho bihavior of th< 
system which u, irubjee ted to the action of bght Also 
whi n tho light used consists of rays of riiffc ns wave 
longth, the data of the saino aotinoinoU r will by no mt ans 
bo proportional to the intensity of light, os the action of 
light yarns go ally ac c ordiug to its wavo-hmgtb 
It might he weU here to oondder a few types of nz tino- 
mesters The oyo can be considered an v tmoineUr 
because apparonlly, its sonsitivcnoss to ether vibrations 
depends upon oertam photo-chemical processes which 
ore thereby occasioned However, tho resu'U of visunl 
photometric meMurcment are not parallel with tboso 
obtained liy actmome tors, and neithc r results are parallel 
to those obtained by thumiometne measurements The 
latter is usually regarded as an absolute measure of 
radiation It would iierhaps bo more correct to regard 
the diminution of froo energy which is unknow n asson 
a tod with the change of radiant energy into host as the 
measure of the intensity of light 
A simple form of acUnomotoT is that known as the 
chlonnn knall-gaa actinomotor It depends on a die 
onvery of (lay-Uusac and Thenard in 1809 who fouud 
that when strong bght acted on the combining of c hlortuo 
and hydrogen the vilocity increased rapidly to tbe pomt 
of (xplosion, and, when weak light acted, it progressed 
slowly and steadily The method oonsists in miasunng 
the diminution of a volume of chlorine knoll-gas (stand 
mg over water, and maintained at constant pressure and 
volume) is a result of the formation of hydrochloric acid, 
which is absorbed by the water This artinomeler was 
oonstruotod by Draper in 1843 and, laUr, improved by 
Bunsen and Roscoe 

There two mon discovered tho sdvor-ohlnnde acti- 
nometer, in which tbe lime required to darken a photo¬ 
graphic paper until a definite "normal ’ shvdo is reachc d 
is taken as a measure of light-intensity 
Anothc r i n Wresting actinic mo ter is the c loc I ro-c hemu al 
aotinometer fiwo silver electrodes, which have hein 
ohlorhuxed or lodued, are dipped into a dilute solution 
of sulphuric amd Electromotive forrn will be estab- 
hsbed between the electrodes, and as long as one of thi m 
is illuminated the oummt will flow in the solution from 
the unhghted to the hghtod pole The strength of tbe 
current is read by moans of a sensitive galvanometer, 
sad thu serves to datermme the intensity of the light 
Basalt* obtained by this aotinometer agree approxi¬ 
mately with tboto obtained in photometric ways This 
aotinometer was constructed by Becquerel in 1839 
Attention may now bo turned to the work performed 


by chemically uctivo light Om would ix|hcI the light 
to he absorbed to a greater degree whin it occasion* 
or ac c c lore toe a chuumal process than whin such is 
not tho cave Bunsen and Roscoe found that when 
light passed through a later of ehlonne Icnall gas it 
was rouoh more weakened in its chomical activity than 
when it passed through ehlonne alone In both cases 
the light is weakened by absorption by the ehlonne the 
absorption by the hydrogen nan bo neglected But in 
tho first instance absorption is purely due to optical 
activity and therefore the loss of energy reappears m 
the heat developed In the second case however an 
additional fraction of light-cncrgy is consumed m per¬ 
forming chcmioal work which thus occasions a stronger 
absorption This phenomenon is called photo-chemical 

A word may hi said as to the tpc ed of chemical light¬ 
en tlon liunsen and Roscoe found that light usuallv 
acts vnry slowly at first and only attains its full activity 
after a lapso of time Thu is called photo-chemical 
induction Pnngshoim Miomtded m showing that this 
phenomenon u dun to the formation of intcrmedimU 
compounds Vs chlnnno knoll gas Is more sensitive to 
light when moist than when dry it seems probable that 
hydrogc n and c hloniH do not unite directly to form the 
mid hut that & scries of intermediate compounds is 
first forrni il Also a slight preliminary exposure of a 
phot'graphic plate renih re it more sensitive and an 
under exposed plate is strength'ned by a subsequent 
ivposun 

The physicnl lawn which chemically active photo¬ 
graphic rays obey are of peculiar interest Tiny are 
reflected refracted and polarised hko other rays their 
intensity diminishing as tho reciprocal of the M[uare 
of the distane e from the point of origin Kesearc h work 
lias shown that whi n bght of the same kind is used the 
photo-e hemic al action depends solely on thi product 
of the intensity and tho duration of exposure It has 
also been proved beyond doubt that tho time required 
for the development of a normal color on sensitive paper 
is proportional to tho numlwr of liglit-wvves whi h strike 
the paper jar second 

Ono important difforenco between plmto-eliettiical re 
action and ordinary reactions is that tbe vc looily in the 
former increase but hlllo in a rise of temperature, w hde 
that of the latter increases enormously We are led 
to behove that light action should not be regard'd as a 
direct Icmim rung of tho atoms in a moloe uln such as that 
cffootocl by boating but ruther tbe primary effort must 
bo snuu octien on the luminiferous other and suggests 
ionization 

Now what is tho ' auBe of those hght-vihraUonsf Thi 
latest autbontn s maintain that hght-vihrations are pro¬ 
duced by cloctnn agitations, and that in tbe chomicul 
action of light we doal with phenomena not far remove d 
from tho formation and docomposition of compounds 
undur tho influence of the galv auin t urront That c he nu 
cal equilibrium is affeoted by illumination follows from 
tho change in tho ihermodvnsmiA potential of com 
pononts by illuminal ion as may ho more c h arly dc ducc d 
from the elcetro-magnetio theory of light It has been 
proved that electrification and magnetism alter the tin r 
modvnamio potential and tho action of ligbt-waviw is 
aeoording to tho most advanced theories, that of rapidlv 
alternating cloctnn Adds From these conclusions we 
may assume) at hast until further knowledge of the 
subject u gamed, that the ultimate cause of thu photo¬ 
chemical action of light bos in electro phenomena 

A New Rerreation Region 

lux l orest Sen Ire of tho IKjisrtmeiil cf Vgrleullure 
directs attention lo u Utile known region that offers 
unusual attractions to sportsmen and ethers who enjuv 
an outing in the opin It says the l lot i Mountains if 
Utah Included within the Wasatch lints and Asblcy 
iiatloniil forests should liecome a favorite recreation 
re glon beeauso of the manv small lakes within drpre s 
slops scooped out by glacial drifts. Seicnty such lut.es 
can bo counted from Held a Peak and otic particular 
township thirty six miles square, contains more thin n 
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Protecting Silvered Mirror* by Copper Plating 

I in fui t lliut tliu irilvertnc ot mirrors to subject to 
il lirli rati u from varioua nuM« baa glveu ilae to no 
little truullt lu Ibto branch of the Industry bet this 
Ims boeu entirely overcome by the new French process 
1mrated by IleilCre (Irony and 1 uwalls for producing 
h |in tiiimg coat of electrolytic topper upon the sllvir 
Int. r minors especially as regards mlrnra of lurgt 



Hlse Aichltects often hesllate to pot large mirrors In 
ill w tmllilli KS oil nmount of tht frequent deterioration 
In dnnipiii si nml the emannlloiis fioui fienh walls An 
(bir stum of trouble (onus fntn saline air on the sea 
i a»t whtih cause dnwogo to mlrri rs In these regions 
1 r n I ng time a good ninth Ml of protection has been 
k uglit for not onlv against dampness bnt also from 
such gases lit th( air aa sulphurous anhydride snl 
phnretled hydrogin and others IMreet nse of varnish 
sin ill I Ik nvoldid beeuuae of the prisiiice of bitumen 
anil ither aubslanees and mireoter tanitohes have 
been f uml lnaiiflkli lit iirotectli n and are not ilnrable 
the chemist 111 tigs method was to cover the stiver 
I luting nltli in i lectr ill tic u«t of nntat hut this veil 
lutlnunl pi in tins ii) ti the present tlmi tun ltmlUd 
I aiunll i tli I in s in il surgeon s mirrors because of the 
dtflunltv if npphlng It on n tsrge sente The present 
lilt ii nfers ti mlrr rs which hiuc been usiled with all 
u r by a di posit of th it metal on the glass from a suit 
nlili Ii till nnd the objis t to to extend the 1 leblg proeess 
I In iking glnases if all stoee sneh na are go width 
iiMd In sli |is and puhllt buildings 
1 p t Hit | risen! lime It haninlv I ten possible to cmi 
ins'! tin ilerlr lillc current It i nlatls placed at the 
iilgis of tbc mlir rs to be protithil which plan had the 
s it us lneoiiiei lei u of ptoduclng dilioalls thicker at 
the cd„es than In the renter of the mirror In reason of 
llu great ileelil r<Hints iki rffered ti the pnoaagt of 
tin inrnnl Iv tli thin sllvir coating Tin <enter of 
llu glass Hum lccolud a eery slight covering if copper 
Tlie gri it illlHiulIv has been lo miilltjlv tbc melnl 
ntnils fllnil in the surface of (he slimed glass so 
that the ilinsltv f enrrent shonld be untformh dto 
tilbntrd llv the direct aptllmtlon of the contsit on 
the suifnee of the mltrors theie whs (lie rtok of doing 
msftlrrnlle diimsge ti the delicate sliver plating the 
llililinks of whlih to well known to be Infinitesimal 
(ihont 000<yi millimeter) 

J he r>is ton l rest nnd Pnsculls process does away 
with these Im nveiliucea The most Interesting and 
ihurarttilstlL purl if the process to the system of the 
rbeophtnsi which distribute the current by the aid of 
hundreds f contacts which bv simple devices are 
brought lull delicate contact with a silvered minor 
and distribute the cumnt equally over the silvered 
glaaa 

flora use f tlieir inultli llcltv eneh iimtaet possreaea 
a tery llnillisl Held f netl n and ns (he contact to made 
hy hundreds cf points dlHtrllmtid mcr the glass only 
a small unpcingi to detlwred at imv ine place thus 
nvddlng tin ilolcut neHon while dividing the useful 
* effect of this lurrent In a very uniform manner with 
nit loss 'I h< deposit of copper thus obtained to lwr 
fectly c< uilnuius and homogemons hud does not admit 
dampness oi ni v othei tame of alteration 

The uegnll'i rhis phore Is forced In n soil of Comb 
mndi up i f I m s wire teeth each of wlildi makes a 



trlfugnl pump c force* continually to the Inlet D where coming of at 
nailable guide plecm direct the current toward the sur 
o be treated 1 he solution passes through vat A 


m ■*** the Ironclad 


and re turns by an outlet E to the vat B where all 
purities are removed by pairing through the filter a 
Hv means of a large pipe F with a valve G til the 
liquid may be sent back to vat B when the operation 
to flutohed. The wooden electrolytic vat A to fitted at 
I hi bottom with pegs or cleats 6 to support the plates o 
Hie rbeopbore to formed by a comb the teeth of 
which consist of braes rods e attached to the bar k by 
nuts / and pairing easily through the bar g The lower 
ond of the teeth o are Upped with tin, a soft metal 
which to not liable to damage the silvering The teeth 
are moreover surrounded except at the bottom end by an 
Insulator generally consisting of a covering of paraffine, 
the lower bar g to dried at each end with a flexible 
cubic k ly which It receives the current from copper 



at a glance, would Indicate correctly the dtotauoa of any 
object within range of vision one of the latest types 
being an anti aeroplane instrument This to so mount 
ed that the bam of the Instrument earing* In a vertical 
plane and the eyepiece to situated in the line of the 
trunnion Una anahllng th* rangetaker to make obeer- 
\ntloua with comfort upon object* at practically all 
altitudes The mountings of such rangefinders are apo¬ 
dal ly designed to enable a rapidly moving object to 
be kept under continuous observation 
A single observer rangefinder may be regarded an 
consisting of two telescope* mounted In a common 
frame with the two objectives situated on* at each 
end of the frame and with the syepleoes at the center 
suitable reflectors being provldod at the objectives to 
direct the beams of light along the frame toward the 
eyepiece* and the whole arrangement being such that 
the combined telescopes may be etmnltaneonsly directed 
on the aame target I he rangefinder Itself forms the base 
of a triangle having at it* vertex the object, the range 
of which to determined hy measuring the parallax 1 e 
the angle subtended by the base of the Instrument at 
the object Two beams of light from the distant object 
are received by red* tors at the ends of the base and 
are trknomltted through two objectives toward the con 
ter of the Instrument where another pair of reflectors 
placed one over the other reflect the beams outward 
through the tyeptooe Bach objective forma an Image 
of the distant object In the focal plane of the eyepiece 
and the observer therefore aees In the Arid of view 
two Images which depending upon the type of inatru 
raeot used may overlap one another or be separated by 


General view of coppering plant 

conductors c which connect with the negative pole 
the source of electricity Th* cable k to joined to 
conductor a by the damp m The bar g to rigidly 
(ached to bar A and the gears o operated by the b 
wheel h and abaft f raise or lower the bar % thus n 
toting the contact ot the tooth e with the surfaces 1 
are lo be copper plated. The rfaeopbore may be 111 
out of the vat as shown In Fig 1 to f 
manipulation of the plates 
The anodes are formed by copper stripe q, eac 
being fixed to a wooden bar se shown In Figs g 
A dynamo t generate* the nee eee e iy entreat stv 
about five volte end thirty tmperee per square m 
glare to be coppered. The pomp o 
generally placed on the same shaft with the b 


Optical or mechanical devices are adopted In range- 
finders of this class for altering the coarse of one or 
other the beams of light within the Instrument, so 
as to bring the two partial (mages Into correct cotnd 
dene* or alignment, and a scale to provided for indteat 
lag the distance of the object, the seal* or Its index 
being moved by the gear used for bringing the Images 


Pint Only Certified Potato** 

I* tool sections of the country potato** are infected 
by a powdsry scab and aa a resalt then districts are 
quarantined hy the Department of Agriculture, whtob 
has Issued a waning to flume** find other* that la pto- 


Or the rnauy instruments designed by the engines! 
fur the more accurst* conduct of naval warfare sou 
to of greater importance than the raagafiade* la the 


in bulk and the ear tlooe bean a blue esetifieatie* teg, 
so u to not desirable to bay ordinary eating potatoes 
for teed pwpeeee. Borne dealer* are mid to be mttng 
eating pota t o** tor need p ur po ses, and wfell* they are 
net violating any law, times who buy tbto Mad oi seed 
are liable to find they ban Intoodaoed a danger*** dto 
eeas and eye ttaUa to qaaraatiaa The wMte aeafi a*» 
Wheats* nm mly t* toeaflem fwa powd er y «eh and 
not to m ttfirtUx *f th* potatohf, win thee* 1* Med 
seed mdm af* **> to more cawfafly totoM ttwfi 
the srertga stork, 
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Glide Light* m Aviatkw FWdi* 

Tn aviation Md at Jataatfrihsl, Gtetoany, la to 
bar* la uodargrouid lighting system which will Indl 
rate for th* nocturnal aria tor the beet place for undine 
aid the direction of the wind. The lights are Inclosed 
lh lro» tern which an corend with mod pane* of 
v«7 thick glaae and are sunk la the maul to their 
top Bight «ocb bozee are arranged at equl dlataocea 
In a drate the center of which la marked hr a ninth 
box. tteh box contains a red and a white electric 
tight aod the current, conveyed by underground cables 
can ba switched Into either light by band or by an auto 
defies operated by the wind Tbs tBnction of 
the wind, which by day la shown by a can tea Imitation 
ot an amoidant landing against the wind, la com- 
•poodingly Indicated at night by three white lights. 
Two of them lights, marking consecutive rerdces of the 
octagon, represent the wings of the aeroplane, while the 
third, at the center represents the till The other Are 
lights are red. 


An elegant experiment was shown by Dr nemlng 
with his cymometer to Illustrate this surface flow ot 
high frequency currents. An oscillation circuit was ar 
ranged In which high frequency currents wore gener 
a ted and these were detected by piecing aloogalde a 
cymometer having a Neon vacuum tube is a detector of 
secondary oedlUtlous In Its circuit In the primary 
oscillation circuit were Inserted successively small spl 
rals of copper braes Iron and galvanised Iran ell hav 
Ing the same else and same number of turns rhe 
oscillations In the cymometer < In. all were lndlvstod by 
the brilliant alow of the Neon tube Winn the Iron 
spiral was Inserted the Neon tube did not fclm because 
of the damping of Hit osriniutona caused bj the < nergy 
•boorbed to magnetic the Iron lhe galvanlnd Iron 
spiral behaved however Just like a topper or brass 
spiral because the oscillations did not penetrate through 
the thin layer or skin of slue Into the iron. If how 
ever this tine was oxldlied or broken then the Iron 
core exerted its effett In damping the oscillations 


mlulabed according to an exponential function of the 
distance and wave length Tbe last named a unly it bad 
shown that this function was of tbe form 6 
where r la tbe distance of tbe sending and receiving at* 
tlons and X Is the wave-Hngth Actual observations bj 
Austin our distances up to 1 OHO miles bad led to an 
empirical formula dlffvrltL nnlv in that yx appvars 
Instead of 

J ho lulk <f t he evlihuLt m for colli tied as to hue 
distance transmission showed bowtvor that true dlf 
finotion of iqiace waves or even thi surfs e naves could 
not contribute more ihnu a mode mb fraction perhaps 
nut 20 per cent ti I ho total observed result lhe cbh f 
part f the cfloit f r distances of JOOU t 4000 ml loo 
must be contril uloil by space waves which had rv ulied 
the receiving slatlou Indirectly that Is after reflection 
or refraction at tbe surfaces of lavtrs of bigb altitude 
Ionised atmoetherlc Rises In the manner • tplalncd I v 
llcavlslde and by betles 

rhe great vailntlnns tn signal strength taking plan 



Of tbs eight principal points of tbe oompasa that ran 
be lndlrated In this way that one la shown which most 
nearly ropreaanta the actual direction of the wind. Tbe 
landing Is made against the wind by steering the aero¬ 
plane over tho central light and midway between the 
other two whit* lights In a dead calm all of tbe Ughta 
are white and tbe tending can be made tn any direction 
In the nocoru ponying Ulnstratlons as la mapa the top Is 
north, the right aide east, etc The white lights art 
represented by white circle*, tbe rod lights bv shaded 
circle*. 


The Function of the Earth la Radlo-Tetegraphyt 

A Lscrras on the above subject was delivered on 
Friday evening November I3th by Dr J A Flaming 
to the members of the Wireless Society of London at 
the tnsHtnttnsv of Electrical Engineers Dr Fleming 
sold that the present period of enforced Inactivity for 
all loyal radio totegrapbtota except thoao engaged at the 
aaat of war offered an opportunity to reconsider some 
of the purely scientific questions Involved In tbe art 
lie proposed therefore to dlecnes the fnnetlon of the 
earth tn rmdlo-Uletcraphy Apart from tbe disputed 
question whether the aerial wires should preferably ho 
rarthed at tbe base or connected to on Insulated balanc 
log capacity, It waa writ known that tbe nature of the 
sou or imrfooa between the transmitting and receiving 
stations bad a gnat effect on th* signal strength This 
effect much upon the wave length Thus Dr 

U W Aratin had shown that the ground to the north 
and nortbeant of Newport Rhode island V 8 A exer 
deed a powerful absorption on radio-telegraphic waves 
at about 1,000 meters wave-length Experiments made 
between Brant Bock wirsiras otatlon and the United 
Mate* cruiser ‘ Birmingham," lying at Newpoi t showed 
that whereas electric wave* of 87DO meter* wave length 
saf«nd Uttte or no absorption In traveling over tho 
forty-Be* **na* other than that due to tbe normal space 
decreara of energy, waves 1000 meter* in length loot 
96 per ratted their Signaling energy In peering over tbe 
dlatriet 

Th rtemfog that gave a btief mathematlral discus 
rim (bowing the moaner In which tbe gradual penetrn 


explained. It la well known that high frequency elec- 
trie eontttS era oepfowd to a thin akin or layer of tbe 
cute* tt ragtatifo Wtott lb the rare of copper this 
titamil (Mtinstt ef tbent 0J6 mUBmeler for cur- 



Dr 1 lemlag then explained that when a radto- 
telegraphlc wave pan*,* over the earth It penetrate* to 
some extent Into It, and also lose* amplitude owing to 
th* absorption of wave energy by the ooll The depth 
of penetration or depth tn which tho forte* attenuate 
to t or to 0388 of their surface value and the bullion 
tal attenuation or distance In which the “mi face values 
decrease to the mih fraction of their original value ran 
be calculated as shown by Dr Ztnnerk when the values 
of the soil condoctiv tty soil dielectric constant and 
frequency are known thus taking the generally ac 
copied values for nee waltr for waves 1000 feet in 
wavelength (he penetration into the sea U at most 
about oue meter In tbe ordinary dry soil It may be 100 
or aoveral hundred meter* There Is a certain soil con 
dnctlvlty and wave-length which gives tho maximum 
attenuation of the wave over a given distance 

The calculation of the depth of penetration and at 
ten nation of the wave with distance can be made when 
thla soil conductivity and dielectric constant la kuown 
Recent researches have shown however that lhe con 
ductivlty of Imperfect Insulators for alternating cur 
rents is much greater than for direct currents Dr 
Fleming referred to reacarcbra by himself and Mr IRke 
for pi oof of thla fact Lately he said Mr Balreto had 
continued this work In hla laboratory for currents of 
extra high frequency of one or more million and found 
their dielectric* bed a maximum conductivity for a cer 
tain high frequency Tbe inference from thla was that 
the earth was an Incomparably better conductor for the 
high frequency nirroa used In radio-telegraphy than for 
ordinary low frequency or steady currents Dr Fleming 
then wont on to consider tbe propagation of sn electric 
wave over the earth ■ surface and pointed out that 
Bommerfeld bad shown that abut a Herman osrlllator 
had one half connected to tbe earth there would not 
only ba space wave* through the dielectrics (air and 
earth) but a surface wave along tbs surface which 
would consist lu longitudinal electric currents props 
gated as a vravs motion along the surface Dr Fleming 
pointed out that this surface wave might be tbe ex 
plana 11 ob of the well known tacts that signals from 
lobg distance wire leas telegraph stations can be picked 
up aod detected without any high receiving wire merely 
by connecting one end of the receiver to the earth and 
tbe other to any lnaulated mam of metal In the Interior 
It may be, of a house. 

Pairing then to the consideration of tbe diffraction of 
long electric wave* round tbe earth Dr hlemlng gave 
a brief account of the state cf the theories advanced by 
Potnaart, NWhotoou, Macdonald and Hjbcsynski These 
agreed that the aatptilude ef an electric ware sent out 
borl son tally from any point oc lhe earths surface dl 


trim dai to day In long-dlstauie wireless Intorcourw 
proved that this mint be the case 

In niuclualou Dr Fleming exhibited a chart Hhowlnj, 
(he variation In Iht ktieuUh of tin hImisU rweivcd it 
I Diversity t ollcte I nidiu frtin thi Hfftl lower h(q 
L ion lu laris at II A M mill div during la*t luly 
prbr to the outbreak of war lhe wuddvn follli h «flT 
n tulaln dais was icmarkatli Dr l limliih said that 
the farther exomluatk u of tin can"*, of tin k< varlutlill* 
was one of the vhlcf oljevl* if tin. llillHi \mxlatkn 
Hadlo-telegraplilL l namittci which was n|i[ilnlid at 
Itundcc Id lorna-queim or i huu,ihIIvii made bv lilm 
and that aa soon a* the present cnlanillone world war 
■ ame to on end It wuh hoped these icMarcbt* uilnht bo 

Concrete Wine Cellars 

In the rit.1 u of Champagne Id Frame flu wlm In 
I tiles I* Klvred in vaulted nliars which m Inllowtd 
dnp down lu the chalk strata but It is observed that 
cellars of Ibis kind are not always of the healthiest for 
iDflllratlous of wab r are likely to oecnr This not onlv 
has a had (fleet on tin quality of the wtuc hut may 
give rise ti a cave-ln of the roof Reinforced concrete 
comes In hire to furnlah a solid vaulting that does not 
depend on natural conditions and recent structures 
were put in with a comparatively lifclit vaulting and 
straight walla with conrreti Homing as well lhe te 
suit Is a watertight construction which can Is kept per 
feclly <Uan An example Is seen lu one of tin a liars 
at bpernav where the reinforced com rote ahell vault 
follow* tho outline* of the chalk cut cellar hut there Is 
lift an air space all around it Ho “ Inchis thick and 
hd air circulation hi produced bv muklng sultal U often 
lugs to (be outride The inside of the vault nr cellar 
has no lounectlon with tbe exterior part, and Is thus 
kept dry him] in the best condition 

Preserving the Forests 

flar*T areas of valuable tlmbortends are destroyed hv 
Are every yeir and not only Is this an Immediate loss 
but tbe effects will h felt wieawrclv as time passes 
Ibe hot eat Sen ice if lhe Agricultural Ikpartuient ia 
doing splendid work In Are lircvonlltn which can lie 
appreciated bv facts mintly published In relation to 
what waa done In the Rolsc nail nil forests la Idaho 
during the past summer thirty drew occurred In this 
region yet twenty eight w<re held down to less than ten 
acre* ami Of these fifteen were lens Hum one quartet 
of an acre Tbe supervisor nays this success was due 
to a lookout tower nnd tn efficient tel pli ne and helio¬ 
graph service 
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“Suction” Between Passing Ships—I 


Important But Lil 


"Suction" ih a term commonly applied by pilota to 
at least throe dintinct hydraulic phenomena associated 
with moving vessels, between which phenomena they 
distinguish most vaguely, if at all. Three throe quite 
indepondunt action* an 

1. Thu direct impulse ombodiod in the stream* of 
water promoted an torn by screw or paddle, independently 
of any motion of the ahip Itself. 

2. The direct effect of the mao of water which follow* 
a ibip bodily when it Is moved slowly through reetrioted 
water*. 

3. The Indirect, or lateral pressure, effect of the fore- 
and-aft acceleration of the water displaced from bow 
to * tern during normal motion through the water at foil 
■prod. 

Of theae, the first two are mo*t aimpie and obvious, 
hydraulically (peaking, because then the force exerted 
U aligned with tbfl water’s motion. In the oaae of tho 
liut, the foreo developed hydraulically aeta at light angle* 
to the line of the water'* motion. The flrat two need no 
explanation, and have nothing in common (speaking 
scientifically) with the third. They play an insignificant 
part, if any at all, in the majority of "miction" collisions, 
and are mentioned here ehlefly for the purpose of elimi¬ 
nating them from further disouasion They are of fre¬ 
quent occurrence In the d*Uy handling of (hipping about 
crowded wharves, and for want of another name, or in lack 
of offlolal definition, they are frequently called "auction" 
by the (American) Admiralty Courts; but beeauao they 
are seldom of sufficient violence to be of importance, 


tie Understood Forces Affecting the 

By Sidney A. Reeve, M.E. 

In 1871 are retarded two cases, in 1877 two, In 1880 five, 
in 1883 one, etc. All of these ooeurred in rertrieted 
inland waters. In 1885 ooeurred the first ease involving 
Atlantic linen, when the "Auranla" and the "Republic” 
oame together by suction outride Bandy Hook (but not 
m deep water). 

Excepting possibly the reoonia of the Naval Courts 
of Inquiry, which are inaeoeeslble, the sole source of 
data as to actual cases of suction ooUtalon la the testi¬ 
mony before the Admiralty Courts. This testimony, 
it must be understood at the outsat, is almost universally 
inoompatent and contradictory. England's sole experi¬ 
ence, the "Olymplc"-"Hnwke'' oaae, wsa merely typical 
in this respect. The trouble is not that the witnerees 
are incompetent as navigators. The trouble la that 
navigation normally maV— no demand for the estimate 
of the distances in feet or yards. The pilot Is accua- 
tomed to gauging his distance from outlying buoys or 
other ships in terms of Us vessel’s speed or rate of swing, 
but not in feet. Again, when called upon afterwards 
for the data essential for an analysis of the ooUlrion, he 
can give, instead of systems tic observations or estimates, 
only his subconscious guess os to what must have been 
the conditions In order that the known results should 
have followed, which ho doss in perfect sincerity. Or 
even if estimates were actually made, they must have 
been made at times of groat excitement and responsi¬ 
bility, when positions wore altering rapidly, and when the 
pilot's mind was properly oooupled with other things. 

In one esse the witness was the captain of a prominent 


Motion of Vessels 


below the sea-bottom, so that it ean draw watsr from 
this reasrvoir or discharge into it to unlimited steal, 
jnst as a “grounded” wire oan draw electricity tram the 
earth, or discharge into it, without limit. Disregard 
all question of friction of flow within tbs pipe, to that the 
capacity of the pipe for handling water ie independent 
of its diameter, the speed of flow being anything im¬ 
aginable. Therefore, for oonvenlonoe, let the pipe he 
represented, in plan, by a geometric point. 

Such a print as this, when drawing water born below 
and discharging it Into the sea, is oallsd a “source." 
When the flow is in the opposite direction it Is called a 
"rink.” Thu* a source would radiate water horisontaOy 
in the sea, away from it as a center, in aD direction* 
equally. Conversely, a rink would draw water to it 
horisontally in all direction*. 

"Stream-Uses” are mathematical fnnotkme of the 
volume of flow of water which ean be represented ooa- 
veulentiy and accurately on fields of oo-oedinatea, and 
which ean be added, subtracted, etc., like other mathe¬ 
matical quantities. They may be of any Im a gin a b l e 
form, and may be either of two or of three dlmanrions. 
For present purposes, no presentation of the mathemat¬ 
ic* of stream-tines is needed; nor do wo need the tbree- 
dhnenrion functions, which are much mere intricate to 
handle than the two-dimension. Only those particular 
forms of two-dimension lines which pertain to the an¬ 
alysis of "suction" win be mentioned, sad tor an under¬ 
standing of their mathematics the reader ia referred to 
the bibliography listed later herein. 



and beoause they are more of the nature of s "puff" than 
a "suck" the term “suction" will be used hare aa ex¬ 
cluding them. 

Historically speaking, while the science of hydro¬ 
dynamics has boon developed chiefly by Untiah -or, 
at most, European— students, yet the recognition of 
suction aa a feature of importance in navigation has 
arisen virtually exclusively in American experience. The 
(aunt* of information are the books and the Admiralty 
Court reourda Previous to the Olympio-Hawke col¬ 
lision in lull there was no literature on the subjoot 
known to (he writer, excepting Taylor’s paper of 1900, 
describing his Washington experiments. Search of the 
British Admiralty records by deputy discloses not a 
■ingle rotcrenoe to tbs subjoot. Mare de n's "Collisions 
at Hea" (London, 1910) makes only a single reference 
to "suction," saying. 

"A vessel will bo held in fault if, without nooearity, 
she navigates so close that .... she is affected by 
the wash or suction of the ship ahead and will not 
answer her helm,” 

referring by footaotu to the American oases of the Mo- 
Candles*, Marie!, Brockton, and Chicago. No search 
of French or German court rcoords has been made, but 
tho principal German work devoted to ship ooUiskms 
("Der Z mam mens torn von Hchiffen,” Dr. Richard Prien, 
Berlin, 1809) nukes no mention of the subject, which 
rerid hgrdly have happened had it ever been discussed 
by the German, or even by any European, court*. 

In American waters the earliest instances of sblp- 
aotiaw which were probably suction, although not given 
that name, ooeurred in 1846 and 1847, in the “Nauga- 
" took"-“Rhode Island” and "Governor"-"Wo*oestar" 
ooUirions. By 1860 the phe no menon had found official 
name, ae “suction,” in the "Namgansett"-"Providence" 
collision. From that time forward the appearanoe of 
the thing was frequent, albeit at Irregular intervals. 

* UrprtHluuMl fium AnplNff *f«0 


trans-Atlantia huor, a man of dignity and experience. 
As he leetifiod, the writer plotted the ship's position on 
a large scale-chart. Had the statements been oorreot, 
the ship mutt have been aground all the way down tho 
harbor. Yet so obvious was the skill, experience, and 
sincerity of the witness that even opposing reunsd made 
no attempt to impeach his statements. Both rides ac¬ 
cepted the testimony sa competent to prove that hi* 
■hip was well over to that side of the ohannel On which 
he (virtually) testified that she was aground. In another 
case the ooort found, from the combined testimony of 
competent witnesses, that It wsa a physical impossi¬ 
bility for a collision to have ooeurred; but since both 
vessels were injured the hypothsria as to the facta is 
necessarily a compromise which inolndm a ooUlsion. 

For all these reasons tha formation of any accurate 
deductions as to the distance or angle at which suction 
becomes an overwhrimlng force Is an impoaribllity, 
even for any one ease. When the influence of such 
widely varying facton sa ship-model, speed, sea-bottom, 
etc., is tnclnded, H beoomea obvious that any hope of 
aocurlng from experience or theory a quantitatin law of 
■notion must be abandoned at the start. But even with¬ 
out this, a quaUiatt* understanding of the tones at work 
in "suction" eon be of th* greatest value in warning 
pilots as to the general conditions under which It is liable 
to oocur, and as to where a larger margin of caution than 
usual is needed. For such a qualitative understanding 
of “motion” a brief incursion into theoretloel hydraulics 
is necessary. 

Slrsom-iinei; "Sowcm" and "Siais."—Imagine a body 
of water of uniform depth and uni uni ted lateral extant, 
m which is placed vertically, and extending from bottom 
to surface, a straight pip* of small diameter. Imagine 
the sides of this pipe everywhere perforated with many 
small holes, so that It can discharge or tab* in water on 
every side throughout its entire length. Let it be con¬ 
nected at the foot with some unlimited res ervo i r of water 


From a "source,'' or toward a "rink,” radiate straight 
stream-lines, like the spokes of a wheel. Physically 
speaking, each stream-line represent* a sector of flow 
of water, measured from soma radius taken arbitrarily 
as a sere axis around to the radius or stream-line in 
question. Therefore the angle between sere axis and 
stream-line is the mathematical measure of its quantity, 
and this quantity of flow Is the same at all distances 
from the center. Any convenient angle may be taken 
as the unit angle, or an arbitrary quantity of flow may 
be taken as the unit. According to the number of such 
units stream-lines radiating from a "source" or "rink," 
the latter is said to have different “strengths,” 

In a canal of uniform, recta n gu l ar c ross se c tion, in 
all portions of which the rate of flow was the same, tho 
stream-lines would bo straight lines parallel with tho 
basks. The dlstanoe from the hank would be the mathe¬ 
matical quantity of tho utreamdlne. 

Fig. 1 shows the addition of two such seta at stream¬ 
lines, resulting in a third set. The radial stream-tines 
are given numerical valuta, from “sere," at the axis of 
the figure, around to “24” for an angle of 860 degress. 
Th* pereliei lines are given simil a r values—positive be¬ 
low the aria, and negative above. Selecting any de¬ 
sired value for a resultant stream-tine, th* line can be 
located a* pe erin g through th* lntareoction of eaoh pair 
of original Has* th* sum of whom values equals the de¬ 
sired vafaw. Resultant tines are thus found havtaw 
values ranging from “ssre" for th* stream-tire snoring 
the ails at right angles sod rising above It, increasing 
around to the right until the ram* line below the axis 
has the value "34." From the “aero” resultant Has 
above and to the left are line* having negativa valuta. 
Below end to the left ere theae having values above ”34.” 
Both positive and regatta mtim extaod hrisflritaly 
avray from the eenter of the flgura. 

Boat a eat of resultant rinantires would gta the 
adfhet of piecing a “souree” or a "rink” fo a uniform 
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o ammt, tbs eairmt fluwing to the right if thu point be from two Hiulo souree* and sinks tm Itankine did or by these two outline* getting into and out of phase 
* * aare *l° t *° , ** t . u "• * ■** ^ 2 P v ’® the ffom tevend Unite eouroe* u other eompnUn did after Thu *o far ** the author u aware «u the flnt publica- 
atwaa Hla** r esultant from compounding a aonroe with waida It 1* equally permtaible to worts** the number tion of any general theory of auction i et it la proper 
a neighboring fink in rail water rig 3 give* the line* of aourae* and sinlo indefinitely each source becoming to atate no further development* to whioh the writer 
reeultant f rom oom pound ing a aouroe and a unit m a correspondingly reduced in strength until an infinite has been able to carry this general theory toward ex- 
muform curra nt, or from moving a aourae and sink to- numbor of infinitesimal point* form the baaia for Integra- outness In term* of particular ahip-ltm n liave appreciably 
gather through still waiw (The roaultant hue* are Uon into stream linea In other word* the fore half altered thu first explanation wluoh waa baaed upon 



restricted for (lanty to one out of the four quadrants of the ship u represented hy one fgraphi al) functiin if hydraulic fails whi h lire familiar to every pilot and 

of the figure but they obviously exist aliko in all four sources of varying strength while the after half has a ship owner 

quadrants) The latter condition gives us our first similar function of snks By a vary ingenious method II auir wavib \ku sea ontoi kh 

mathematical approximation to the disploceimnt of of graphical integration without which the computation In all the earlier wntira and persisting in some text- 
water from bow to stern of a moving ship of o\en a few finite sources becomes intolerably burden- books to Lho present day there is a confusion as to 

In Big 3 the stream lino A when completed, gives some thu stream Unua ore deduced from these assumed c I ossification of the several sorts of ship resistance which 
the flnt suggestion of the water Une of a ship If ws function* k or the detail* of Taylor* method the mu*t be cleared before the navigator taught in thou 
imagine the water encompassed by this stream-line in reader is referred to hn papers 1 years can understand suction olsarly those re- 

a sea of uniform depth oqual to the draught of a ship Mr faylor mode test* of the force of suction between uatancoa are now distinguished as (1) skin (notion, (3) 
to be solidified without change m volurao this solid two ship-model* towed in fixed parallel position in the wave-making, with *o me time* a third, oddy making 
would form a ihip body having vortical sides and a testing-tank at Washington in 1TO0 and these ware which t* really a port of (1) At present these resistances 

rectangular cross-section and the motion of this ship reported to the (Amencon) Society of Naval Architects are mentioned only for the purpose of excluding them 

body through the son at the speed represented hy the and Marine hngmeors He repeated similar lasts before from the argument Suction depends solely upon the 

parallel linos of current would develop stream lines in the British Admiralty Court sitting on the i toe of tlie existence about every moving ship of (3) the umstnun- 

the surrounding sea which would be mathematically Olympio - llswk* collision durmg the winter of 1011 ed wave whioh is quitu distinct from the biw stem 
equal to those developed by the combination of moving 1912 and oohelon waves of the usual analysis of lho wave- 

■ouroe and sink The soup e represents the water thrown The authors oonnection with the development of making resistance But It was not until 1898 that thi rci 
off by the bow to open passage-way for the ship while the theory of suction began in 1903 when he was oallod appears m the papers of the Institution of Navsl An hi 
the sink represent* the regatherwg of thu water under upon to explain the motion oollmon between the United toot* (British) any realisation (by B Schioldrnp of 
tho stern to fill m the trough out by the ship ■ passage States and the Monterey coo*twise liners in New Bergen) that thi constrained wave’ is distinct hum 

The souroo-and sink * method thus opens a door to York Bay The tnal being already under way when he those other resistances in cause os well us in character 

the exact analysis of the displacement of the sea by a waa first approached, there waa time only for the prep- The comtramed wave of a ship u nit a true wavt 
pmls g vessel It la a method to whioh much time has aration of crucial diagrams But in connection with at all lho true waves are classified os (■) bow waves 

bean given by many able men. Originally it was oul the Denver Lsiugh case later that same year and (b) stern waves and (e) echelon waves All of thesu 

tiva ted at a means for desi g nin g ship* of perfect form in the oiae of the Parlma and the Pruuenm Irene are visible disturbances of the sea surface whuh travel 

which should be capable of waveless progress through still later, these diagrams were got up more carefully away from the ship by their own inertia, when onoe 
the water with minimum redatanoe but it* varv limited They discussed merely tha general outline of the eon started and with which all seafaring people ora familiar 



Fig 7 » 


value for thu purpoae ni realised long ago Now tho 
problem el "motion" off era It a new application 
By to the moot ingenious and the clevwest develop¬ 
ment of the stream-bus theory for actual ship-models 
has been eontribnted by United State* Naval Con¬ 
structor Taylor H* read two papen before the Insti- 
tatiati of Naval Architect* (British) on*, in 18W, on 

"Two-dhne**ton Stream-foes," sod the other on “Three- 

iHm—jim I Sr-" In IBM Taylor oooeelred th* uU* 
that if H b* permissible to compound the itresn-hn** 


strained wave that for oue ship being drawn on traos- 
liarent otetb, so that it oould he did over <Jiat for thu 
other ship, to (how how *u< tion Torus* won d< vidopod 

1 Os Bblp Shape Birrsm Forms by D W Is/tor Trios 
sctleai of ths InsUtutlon of Ntnl Architects ISM vol sssv 
ps*t BBS gsfftosrrtso vol HU pair 410 On UoUd Btnsm 
tonus sad ths Depth or Wstsr Necessary to Avoid Abnormal 
Bestotoses «f Ships, by D W Tsylor TrtBsscUaes of th* 
Intitutloi of Ksrsl Architects, HM vol tttn ps*r SM 
gsfissrrhiv vol Us ps*v 48V sad 4PT 


The r on*trained wave on tho olhor hand la often 
invuabln and usually needs hi ha looked for t ven when 
visible It unmsts of a wide low mound of water whuh 
the ship pile* up ahead of herself and whuh m mimulaU 
until enough surplus pressure u gathered to start tho 
water into motion aft beneath or around the hull Its 
height ii very low like a ground swell, but its bulk u 
tremendous It* trough may be teen on either beam 
amidships, and at the stem met a second low crest 
Although it is relatively to thu that the true waves 
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rum visibly, yul the ‘‘nonstmlned -wave" Itxolf is visible 
ulmut every fust vessel, and in tug* it oftim rises a fair 
(metiim i>t the freeboard, tlie hull "squelting" virihly 
inti, its trough. 

This "constrained wave” may bo explained Id terms 
of the stream-line analysis. Tho two-dimension stream¬ 
line presuppose* tlisl the sea Is of uniform depth, that 
tho ship’s sides are everywhere vertical, reaching to the 
soa bottom, and tliat the sea is covered with a thin sheet 
of rigid ire, strong cnougli to provenl any vertical altera- 
f inn or HCa surf are. Tills ion may be supposed not to 
interfere witli the motion of tlie aliip, or tho ship may bo 
a submarine just reaching from the lmttora to surface. 
Under siirb roislitions alone would the motion of the 
water dixpliu’rrt hy the ship's motion be pundy horizontal 
Under siieh emidltions the increase in pronuro necessary 
for accelerating the water away from tho bows, and 
that engendered by its arrest at the stern again, would 
remain purely pressure, Confined by the rigid ice against 
rising in surfaco-woves. 

itut in actuality there is no ice. Tho Increase in pres¬ 
sure ahead of and astern of tho ship actually occurs, 
but it is partially relieved at tho sea-surf aoo. A readier 
means for the rehswe of the water than horiionlal ac¬ 
celeration is vertical acceleration. The water gets out 
of tho slnp s way by rising vertically from eithnr bow, 
in waxes. The miwt striking instance of this is tho tiny 
jet of a at it often ap|wmring right at the stem of river 
slenmers. This water is disjdaeod by a hull of rectangu¬ 
lar ouliine, but small dimeusionH (the stem), which is 
propelled at disproportionate speed hy a relatively enor¬ 
mous |mwer; lienee I he vertical aeeelcration of the water 
is exaggerat'd. 

Hut u more eomninn form of vertical acceleration is 
seen in the “Isiw waves,” which rise on either bow, and 
rc|>est themselves in a series extending obliquely aft 
along linre making angles of alwiut '23 degrees with llio 
ship's course, ultimately merging themselves with the 
echelon waves. From the stern trail away two similar 
senes of “stem wavm," lull muoh smaller than tho bow 
wav I’M. < hi either Imam, and all across tlie wake, spreads 
the pitH-axslun of broad, low echelon waviw. All of these 
are due to vertical acceleration of tho water duo to the 
lack of constraining ice, and all of thorn constitute dt- 
iluelioos of energy fnim the “constrained wavo," which 
is norniully due to |iuroly horizontal acceleration of tho 
water 

In actuality, too, there is always room for some water 
to csnnlMi iH'iieath I he ship's trittoni, instead of spread¬ 
ing Old lull-rally. In deep water this is the path for most 
or the displaced water. Hut in shallow water tills path 
Is cut off. Kvon Where lliere is a foot or so of water 
In-I WIS’II hull and seu-tlisir this siisre is useless Tor passage 
of water, because of the turmoil of eddies. And Hinoo 
the force of suction is developed only hy an aoeoleration 
of water, which finds its pure and best expression only 
when tlie slop extends to tho bottom, while the soa- 
surfuee is cmistraiucd by imaginary ice, those are the 
conditions which will im assumnd throughout the dis¬ 
cussion. All question of bow waves, echelon waves, etc., 
is thus eliminated. 

In such a sea let there lie hold a vertical polo, ex¬ 
tending to tlie bottom, whicli is then moved horizontally. 
Tliis is like a vertical pipe having perforations in its 
sides, I lie side looking toward the course ahead bring 
a "sourer,” while tho after side is a "sink.” Imagine 
two lines drawn on the chart through the point repre¬ 
senting such a pole, at angles of 45 degrees with its eourse, 
forming four quadrants -one ahead, ono astern, and one 
on either beam. The theory of stream-! Inre allow* that 
In the quadrants ahead and astern the soa-prwwure is 
greater Ilian normal, ho that, if there were no ice present, 
the Hco-Hiirfacu would be elevated above normal. In the 
quadrants on cither beam, conversely, the soa-pressure 
IS less than normal, so that, in the absence of ice, the 
sea-surface would lie depressed. Tho 45 degree lilies 
are the loci, or contour lines, of moan sea-levoi. 

Such a fnur-phasisl distortion of the soa-surface ac- 
liially mx-omiiaiiic* every ship. Its exact fonn is in- 
llccm-od by the ship's model and by the energy leaking 
away in vertical wave-forming anederatkm. But, in 
essence, it is always there, approximating the 45-degree 
lines in mean sea-level contour It is due solely to 
horizontal motion of the water, and it constitute* vir¬ 
tually the solo forts’ causing suction. 

This "eonstnuned wave” is not properly a wave at all. 
It docs not proceed by its own inertia, but is held oon- 
s r.lined, as to form and magnitude, by the environing 
solid ship and sca-lsittom It Ib stationary relatively 
to tlie ship. Its inertia plays no part so long as the depth 
remains constant. When that varies, however, the in¬ 
ert la of tlie (sinstrained wave hoeomes the moot power¬ 
ful force couiroltiiig the ship. For while its head is 
low -so low as usually to be inrknUe- yet the moss of 
water involved is enormous. It extends away from the 
ship indefinitely, deereosing with distance, but still 
[HTcoptilile at several ship-lengths away. 

Tlie form ofgthi* on ns trained wave is markedly dis¬ 
torted near the ship, away from the simple 45-dogree Here 


of moan sea-level developed by the pole, by the tines of 
the ship. It will be necessary to trace further In detail 
these Influences before the constrained waves of actual 
ships eao be studied for tuetion purposes 

Every moving ship acts approximately Uke the vertical 
1 hi 1c just Imagined as moved harixontally through the 
water -vis., to distort the sao-snrftoe about it in four 
quadrants, demarked hy oblique 45-degree line* through' 
its center of displacement. The quadrants ahead and 
astern exhibit surplus pressures, or elevations, of the 
surfaoo above mean sea-level. The quadrants on either 
beam show deficits below mean sea-level; but in the ease 
of the actual ship its elongated form distorts the 45- 
degree lines near the ship into curves of a hyperbolic 
form, asymptotic to the 45-drgree tinea, meeting the hutl 
on either bow or either quarter. 

In Fig. 5 are shown two ships In water-line plan, 
A and B, overlapping each other on parallel oourses. 
Tho hyperbolic contours of mean sea-level are shown 
extending from either bow. and quarter: the plus and 
minus signs indicate the surplus and deficit of sea pres* 
sure in tho neighborhood of eaoh ship, while the net 
horizontal pressure upon the hall is shown by arrows— 
an arrow heading toward the hall Indicating surplus, 
and one heading outwardly a deficit, at pressure. The 
ships will be assumed to be moving toward the right, 
although the curves would be the same (In this particular 
case) for mo Lion in either direction. 

Without attempting now to Indicate the exact form 
of three curve*, whioh will be discussed later, It is plain 
at a glance that the two sets of plus and minus signs 
must cancel each other, to some degree at least. Thus 
■hip .4 will have its lateral pressures along Its starboard 
bow inereaned by the influence of B’i forward quadrant 
of surplus pressure, while the pressures along A'« star- 
hoard quarter will bo deereated by the influence of B't 
port lateral deficit of pressure. Sinoe the normal sea 
pressures along A'l port side ore virtually unchanged 
by B't presence, A will feel a tendency to swing to port. 

Following the same reasoning os to the effect upon 
H of A’t starboard and astern quadrants, it appears that 
B must feel a tendency to swing to port also. But 
whereas A'i awing in response to these force* (tarries 
her away from their origin and decreaso* tho danger of 
eollision, oxeept with objects on A’t part band, any 
slight response of B In these forces will very rapklly 
exaggerate them and accelerate her approach to A'* 
quarter. 

To the engineer, the situation may be dearer if ox- 
plalnod in term* of the familiar Venturi meter, a diagram 
of whioh u given in Fig. 0. In tho Vontnri any surplus 
pressure existing within the conduit at either end, as 
indicated hy the arrows, is altered more or less into a 
deficit at the “throat” H by the restricted diameter, 
and the consequent acceleration of the water at this 
jiolnt. If a bran eh pipo D be oonneeted at this point, 
the defimt may be enough to draw fluid In through this 
pipe, although water might flow outwardly with force 
at K. Or, If the Venturi be made of flexible material, 
when the flow has reached a certain velocity the deficit 
of pressure at B win cause the walls to collapse; and this 
collapse will bo sudden and violent, in unstable equili¬ 
brium. 

Now tho space between the two ships of Fig. 6 Offers 
tho most direct pathway for the water whioh, displaced 
by both vessels, must get from ahead to astern by some 
way or another. But It forms a retlrieUd pathway, 
with gradual convergenoo and divergence or solid walls 
on either ride of the "throat." In all this it is quite 
Uke a Venturi. But If ship B swings a bit to port it 
creates a situation quite like the first "give” of the throat 
of the flexible Venturi—the fores* engender their 
own acceleration, in unstable equilibrium, and the mo¬ 
tion. once started, accelerates rapidly to a sudden and 
violent end. 

Since the situation of Fig. C is usually created by a 
larger, faster vessel overtaking a smaller, slower one, 
the Utter finds itself first in the A position; but thU 
is the position of lora danger and it often patted without 
mishap. But when the smaller vesori hat dropped bock 
Into the B position it is in the greatest danger. The 
majority of (notion collisions ooour In this position, 
the overtaken vessel suddenly swerving uncontrollably— 
usually in defiance of a hard-over brim, and often against 
reversed engines—Into the quarter of the other ves¬ 
sel. 

Usually, of course, the larger vessel is unaffected by 
the forces engendered mutually between the tw»; but 
sometimes it Is the larger voari which la the slower one. 
Indeed, the recorded instances of suction seem to Id- 

which could set these forces at work, with various re¬ 
sults. Frequently the ship in the A position is driven 
off her course enough to oollkl* with other varerix, or 
with a bonk. In one lnstanes, a large freighter going 
down New York Bay, whan overtaken by a User, was 
swung eight points off hw course by tide repellent com¬ 
ponent of the "tuetion" foce e e- fo r tun otriy having amt 
room enough to cheek her way before running aground— 


but was left In that position helpless until the liner was 
well by. 

For it Is obvious that the tomes ersstsd by tbast 
"eon*trained" waves following end preceding the shlpe 
out eerily be far greater than any of thorn ordinarily 
relied upon for maneuvering. While the altitude of the 
_ eons trained wave la slight. Its extent coven an area of 
’ ship-side which is enormous when compared with the 
rudder surface. Indeed, the difficulty in connection 
with suction ia not to explain it, but to explain how ft 
is that so many ships pan cloudy without It* becoming 
an overwhelming factor. The moat frequent answer hi, 
depth of voter. It requires no mathematics to show 
that this Venturi-llke restriction of waterway between 
the two ships it much worse in (hallow water than In 
deep. But tuotion collision* sometimes oeonr in water 
which, while not very deep, provides enough space be¬ 
neath the hulls to pose a good deal of water; while In 
quite shallow water vessels often pats very doee in safety. 
To answer three questions the exact form of the eon- 
strained wave needs further consideration. 

(To he ooneltded.) 

Wn wish to call attention to the flut that we are In a 
position to render competent services In every branch 
of patent or trade-mark work. Our staff la composed 
of mechanical, electrical and chemical experts, thor¬ 
oughly trained to prepare and prosecute all patent ap¬ 
plications, Irrespective of the complex nature of the 
subject matter involved, or of the sped*llxed, technics), 
or scientific knowledge required therefor. 

We also have tiwoclitre throughout the world, who 
twist in th* prosecution of patent and trade-mark ap¬ 
plications filed In all countries foreign to tbs United 
Staten 

Mown A Co, 

Patent RoUcitore, 


Branch Office; 

«2G F Street, N. W, 

Washington, D. Q 

scientific American 

SUPPLEMENT 

Founded 187« 

NEW YORK, SATURDAY, JANUARY *, 1*15 

Publish'd wMkly by Musa S Company. Inoarptrstod 
Chnrto. Alien Mann, President; Frederick Conrans Boo eh, 
Recretiry; Orson D. Mbit, Tnusnr 
all it (St Broadway, Kow York 


The Scientific American PnbUeaUsais 
Sdestlfie American lupplemeat (ssta b Uahed irro pa* you M00 
MeatiOc American (eriabttibed ISM) .... - SO# 

American Booms and Harden*. - god 

The combined eoboeription rat** tod rata* to tariga esmtrla, 
Including Canada, arm bo farnUhed upon appUatloa 
Ramlt by poalal or exprera money ord*r, bonk draft oc efaoak 

Mann A Ca, Inc., 061 Broadway, N«w York 


The purpose of the Supplement it to publish 
the more important announcement! of distin¬ 
guished technologist!, to digest significant erti- 
olcs that appear in European publication!, and 
altogether to refect the most advanced thought 
(ft tcienoe and industry throughout the world. 


Kzperineate In Hybrldlilnt Japanese Flower*.—By Wal¬ 
ter Procter Jreoey, Ph.D.II 

. The x-ray Spectrometer. -1 IIIn*(ration . XI 

Tbe Planet Jupiter. - Hy Bar. Theodore K M. Phillip*.— 

S ninetretion* . » 

The Phyriolofy of Worry. -By Reel D. purest. M.lt. * 

Storing float . M 

Organic Matte* to tbo Soil . 81 

Paeritirittae of Earthworm.—By Fret Dr. >. Korecbdt 

A Hmatin Embargo os' W™i" ! 1! * 

Concrete Ytidoet* on the Fmoaylrasti BaDroarL—By Day 

Allen WIItoy.—* Ulmtmtfoo* . % 

Aetna) Instincts of Du) Psnoaallttaa.—IL—By Edward 


Boom Footmen of Photo’Chamtitry. By H. H. McCrary.. 8 

A New Recreation Beston . 8 

Protecting Mlrared Mirrors by Copper Plating.8 


Ptist Qaly Oerttisd Petitoaa . 

Ot>ld* Light* m Avtittia Field*. —a Blactretioo* . 
Tho Fnscttow of the Ruth ia Radtetitignphy . 



























UtMl foe dnliip porpooM *t Now OtImm, hJ mb pimp 1M.K0 * *tait» 

THE LARGEST CENTRIFUGAL PUMP—[8eo PM* 37.1 















SCIENTIFIC AMERICAN SUPPLEMENT Ha 2837 ' 


IKW 


Ozone in Ventilation* 

An ExiKJMtion of Faulty Methods of Investigation Heretofore Employed 

Bj J C Olsen and Win II Ulrich 


In spiti il tin fnit Ihit n gnat main in it litigations 
Jim Inn iwth 1 m in muni vmm on thi cITitt of 
o/ nit rn wr lartinu an I lira and also on thi phvn 
(lac al itTntis of <•/in Hit must divtret towlUHioni 
I vi lxt n row lit d anti nptniimx t xprosst d with ref- 
tnnt in lit qu<Htumii lmesligatid Tin* otmfuidnn 
lx lii Ktnm wlmt to faulty wunliflt tiihtnqun and do- 
tlu Unix frim inipmi*rlv tlunen txptnnunts a* will 
a* it i i h pnnl of vii« 1ho most mint ontnuimx 
tigun*t o/nni in vmtilation art found in two ulitliK 
wliii h wtrt pullishtd in the ihhuo of Hi pit mlxr J7th 
l'Jlltf tin J nil f ll i Amt ru in Urdtral A Mtmalu n 
uni liy Ionian mil ( arinon and (In utliir li\ Sawyra 
If * kwilh and Hk lluld ill tin latUntulal phvswlngic 
anil dttxlf n/mg a ti n of tu mi A numbtr of unm 
in thi milhofU until in th< ncptnmontx gtviu in these 
artulis liavi tam noltd and these Mom an serious and 
llu article* ham liet n mi with It quoitd that it Hems 
dtnrahlt to turr tt tlu miuappnJunxii in wlmh havu 
iiotn pr iduti d Both of thi m ortn Its n fi r to the fw l 
that txaggiretctl rlnim* wtrt made hv agents wiling 
ozone mat hint k 

In thi artitli liy Jordan and ( art non it u stated on 
page 10 that the otmt cntmtion of oroni is dotorminetl 
by drawing the iMiml/id air through a notation of po¬ 
tassium lodidi whith has hitn w ldittid with lulfuru- 
at id The liht rated iodine ih thui titrated with thin 
sulfate *ilution It ut will known among ehomwt* 
that an otidifltd solution of potassium lodidi u reodil) 
oxidized by the ordinary oxygen of thi air and there¬ 
fore if an acidified solution of potassium iodide is until 
for the dOerminatu n of o/one tht renulls will bo high 
Tht amount of the error will vary with the oonoentra- 
tion of the ozone and may uunly givu ruulta double 
I ho true oon t ntration of o/oat Tlun error ion tanily 
ta> demonstraUxl by drawing air free from oxono through 
nueh an atidiBed notation ot potassium lotlide It is 
i vident thinfon that no nluuun oan lie plwtd 
on tin Bgurtri gum for the cuntentration* of oeom 
whit li art ri ported in tine artiele In tho ortuti b\ 
hawytr lft« kwitli and hkolfltld the oontt ntralionn ot 
n/i m w n nrt dttLrmined 

It is unmrsalh r«ngnt/td hv vmtilalmg engineers 
who ari familiar with thi use of oroiu that it in of th< 
gnat!hi ini]Hulun i t) rtgulatt the ton intration of 
thi o/ lit and that vi ui is untful oulv wilt n (mpl ived 
in thi proper lonuntrnlum This will kuown pnn 
<t|>li Minis to hmt bom so little understood by tht« 
mvt stigatora that thi y foiled to make careful mid at m- 
ratt (It ttrmraalions of thi ttintt nlraltous of orone used 
an 1 thi rt taro manj of tho t on turn ms whit h they rear hod 
an intintv viUatul 

Anotlur vtry serious error m exponnuntal proeodure 
in found in the tints whit h win mode on the effet t of 
o/one on odorous sobs tam os A tonsulirable nqmber. 
of suth substations wore uxpcnmi ntuL w\th, and tho 
poll lusum was row bid that tlu u7one masks these 
odors but docs not destroy them and that therefore 
oroiu in not uwful in tho removal of suah odors 

Tho method of procedure aotwistod in exposing the 
nitstmi< ■ giung off tho odor until a marked odor 
was notiud m the small ilused room which was used 
tar tlu experiments The o/ono mot tune was then 
opt rated until a strong odor of ovine was prod at ed 
Observations wore mode from time tu time of the odor 
in tin room and it was observed in s good many eases 
that tho oxono odor gradually disappeared and the odor 
of tht substenoe experimented upon returned In some 
teses ozone wss again generated until tu odor was 
prmouneid and observations ogam made with refer- 
t iu t to the disappearance of the otone odor and the re¬ 
am* araw < of the odor of the substance axpenmented 
up li llu ronelumon was drawn that the ozone did 
not destroy the substance giving the odor but masked 
it this tonolusum was based upon the dtsappearanee ot 
live orone odor and the return of the other odor No 
oltar ovidtuLt whatever on this point a presented 

In them upenmenti no attempt teems to have been 
made to determine the amounts of the odorous snbetan- 
tes whith were present m the air except by the odor 
1 he taeperimenters apparently did not oocader the foot 
that the odors of substance* differ a great deal in inten¬ 
sity, and that the quantities of substances which would 
be present, even though the intensity ot tht odor was 
the same, would differ very much These authors also 
faiUd to keep m nund that the destruction of oders 
by osone is an oxidizing protract and that tUa, as wsll 


ns all chemical reactions is quantitative in the senes that 
a definite amount of oxygon Is required to oxidire a 
dt Unite amount of an oxtdixable substance 
The following rev tion taken place when osone oxi¬ 
dize* hydrogen sulfide 

HiS+O,- HiO+S+O, 

That is, 34 parte of hydrogen sulfide would require 
48 parts of osone for their oxidation When the hy¬ 
drogen sulfide Is dissolved in water the sulfur libers ted 
It still further oxidized by the ozone to splfuno soul, 
which would require a still larger quantity of ozone 
hut v cording to tbe reaction given a somewhat larger 
amount of owns than hydrogen sulfide would be ncraw- 
sory for the destruction of this substance Now if 
the intensity of tbe ozone odor is muoh greater than 
that of tlm odor of hydrogen sulfide the hydrogen sulfide 
would be oxidized by the ozone la the experiments 
reported by Jordan and Cirison and some other authors 
quoted and the hydrogen sulfide odor would then re¬ 
turn ss reported by these investigators 
In nrdtr to verify these conclusions experiments were 
isrnui out to ascertain the amount of hydrogen sulfide 
whu h will give a distinct odor A Urge balloon flask 
of 10 liters capacity was used Tbe hydrogen sulfide 
wum produoed by treating known weights of carefully 
analysed iron sulfide with dilute sulfuric vud The 
rtv ting substances win placed on a watch crystal eus- 
pi ntled m the center of the balloon flask In addition 
to thi odor tests were nude with lead acetate papa 1 
nrrssnrr >r qdos os BTUkoas* sounds 
Ms HZptr rest wftn Lett) 

Cut*. Motor Acetate Pspsr Odor 

IIT7 Vvy black Vtry strong 

*44 Very black Strang 

81 Vtsy black Dtoloct 

M Tmsd block Uowty Tstriy distinct 

IS Brown tn sdgss Taint 

7 a Tumsd brown ray slowly No otlar 
While to obtain a distinct odor of hydrogen sulfide 
01 parts arc required the odor of orone is very marked 
when present to the extent of one port ptr million, the 
limit being one-tenth port per million In tho ex- 
penmi nu of Jordon and Carlson, the otrooen, ration of 
the hvdrogtn sulfide must have been from 30 to 60 
milligramme One part of ozone would have given a 
strong odor whith (ould mask tbe odor of the hydrogon 
Kulfidc until by tho oxidation of the latter the ozone 
«n* rim (imposed Lewi than ono part per million of 
tht hjdrogin sulfide would be destroyed by this oxida¬ 
tion leaving a sufficient amount of hydrogen sulfide to 
give a very dlstmot odor On again generating ozone until 
a strong ozone odor was obtained, the hydrogen sulfide 
would be again masked and when tbe oxime odor hod 
duiapptanxl the hydrogen sulfide odor would reappear 
This could be dona repeatedly, as reported by Jordan 
and Carlson Tho eonaltudon which they drew, however, 
is entirely unjustified, namely, that their experiments 
showed that tip hydrogen sulfide odor was merely masked 
and hydrogen sulfide not oxidised or destroyed by the 
ozone 

In order to vepfy this eonetaxlon, the following ex¬ 
periment was earned out A concentration of 25 milli¬ 
gramme* of hydrogen sulfide was treated with osone of a 
concentration of 35 6 milbgremmet per liter In these 
concentrations there would he just enough ozon$ to 
oxidize the hydrogen sulfide In this experiment Che 
ovme odor was at first very pronounced bat after this 
odor had disappeared then wss no hydrogen sdlfl&e 
odor A slight oddity was Indicated by the reddening 
of blue litmus paper The ozone need hod been very 
carefully tasted for nitrous oxides, but none wsa* fo und 
Another experiment was aimed out in which the 

the hydrogen sulfide concentration was OO 7 mDDgnunmee 
par cubic meter, so that only a email put of the hydrogen 
sulfide oould be mndlzari by the ooone present At 
first only the odor o t the ozone could be detected Tit* 
hydrogen suifiae odor gradually returned so that with¬ 
in one hoar a fiat, and zftir two hours a distinct, hy- 
drogn sulfide odor wss detected, whfle the 
hod entirety disappeared 

This expenneot could be repeated tinge or fas time*. 

■e reported by Jorden and Carlson on peg* S3 of (Ur 
•rtwlo. They further state. “The mtatate* </3« , 
meddne astion of aeeae does ant ♦eptitrorah**/’ 

If the on then bed eowidered the ftfa 

•etien they might bar* reached entirety dfernt «o» 
etutioM and would have sea that thffc npe rimnt z 
w«Mla sxact a a e ordan ee wtth the thieqr tittthdetih 
anhfiare hydngn nlftfe «d otte ellMtttn Thro 
»ufl further rrier to the fiktigue of th* riCaetory eed. 


organs by the oxonc They ay “Strong scsmrotrv 
now a otone rapidly fatigue or snesthstiee the olfhetery 
eptthaUum One wonders why the aethers did not 


and tbe nuaerou other odanwWehm present in wheat- 
eal labors tarise produse the seme effect on oUhetory 
^^ nwtodby * w1 *" 

Hydrogen solids is also oxidised by tbe air, a b 
shown by the feet that the odor tiowiy disa p pear e d in 
a duplicate expenmont in the abeeoce of oaooc. 

In somn oaeea ozone acta a a eatolytio egemt. TWz 
wa shown by the notion of ozone on Hnieed oil Weighed 
quantities of linseed oil wars exposed to air sod osoOs 
Tbe oil exposed to air gamed 17 nufiigrainmcs, while an 
equal quantity exposed to the nation ot osoM gzlitsd 110 
milligram mca during the same time Ha amount ot 
ozone generated wa 11 4 mOUgremma The osone, 
therefore acted a a catalytic agent, antiijt the absorp¬ 
tion of 83 milligrammes of oxygen, which la nearly five 
times ai nraeh oxygen a woe absorbed by ths oil exposed 
to air alone It is reasonable to suppose that ozone 
would set u a catalytic agent and causa tbe oxidation 
ot other ads and orgonio substances similar to linseed 
ad 

In the ease of ammonia the some conolderhtitmt apply 
Ammonia u oxidized by ozone in sooordaooe with the 
following equation 

2NHs + 30, - N. + S H«0 + 30* 

In this oaoe, one part of mwms ts oxidised by about 
four ports of osone A study of the intensity at the 
odor of ammonia gave the foUowhw results - 


1 COO Turns Nos raodBy ti me 

«M Turns bins starts TZHrstreae 

S» Turns btae riawty Tttoy stresq 

tas Tuns Mas vwy tiaoir TsMy strung 

U Tuinu Wusrartiowtr gsHedtitlaet 

SI Turns hhaonadma ray tiMtr JMnt 
H Turns psrUsBrbtiieonsilats ray dowty Very Mitt 
10 No sotion NS odor 

KxpenmODti wore earned out in which known amounts 
of ammonia wore treated with definite amounts of ozone 
and the ammonia remaining woe determined by ab¬ 
sorption with sulfuno arid and nesrierizug Ammonia 
'« or ted upon very slowly so that J4 boon were allowed 
for the reaction The concentration of tbe ozone was 
35 6 milligrammes amt nf the smmnnia 135 millig rammes 
per cubic meter After 24 boon, 78 mtUgretamei at 
ammonia remained in the flask oon taming air and 75 
milligrammes in the flask containing ozena. The quan¬ 
tity of osone present was sufficient to oztdtae 8)4 mlUl- 
granunes ot ammonia per cubic mster The export- 
meat indicates twin oxuUuon ot M wihn u ^ by osooe 
Erioadacn and Schwartz' state that their results showed 

Experiment* were also oamed out to zsosetain the 
intensity ot ths odeg of oil of doves It was found 
that 06 grimgreauTw per oabic meter would giro q strong 
odor The amount of own* D ec re to ry to ri&hzo oB 
of doves cannot be oaicflaWl taastij', but It would 
probably require serarsl tim es m ow than an equal weight. 
On subjecting the oB of dm vapor tn a iwnsswration 
of 306 mitagranunes ptr ottWe meter to ths ostioa of 
otfh oqaqonW^tioo of 3% mUtigraanm ptr eaMe 
meter, IVwzg foujrifl&at at ftrit a dlsUset odor of otone 
( oould bo dettetod, which dissppaared aod was 

renfaezd far a s wee t otkic, ■ awii had rsnwiWsiwn to 

Si*forekrm he 


rhastion wha’pesotitofly oosadM* within 3 to » bogre. 
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iW* author* found that hydrogen wttdsiioii- 
dtted by MOW Jordan and Cerises alto mention the 
wwf of Briandaan and Schwarts, but state that the re¬ 
mit* <4 the latter arm with thoee of Jordan and Carl- 
eon a Aowtef that oaone masks odon and doee not 
oxitfiM the eub etaneea dismissed Jordan and Carbon 
am Itato that “The inability of oaone to oxidise (to 
ucr * f P » «l*i hla ettant) ammonia vapor and ofl of elovcs 
it atrtdnc " Jrankfan rvee the reeulte of ei pen¬ 
nant* Aawtat the oxidation of a reat many organic 
■abatinm, and danomtratod that carbon monoxide 11 
oaiAaad to carbon dioxide 1 
Undoubtedly many of the conflicting conclusions 
which hare been readied are due to tbe failure of ox- 
pertmenten to take mto amount the quantitative re- 
latkMe between osone end tbe lubetoneet to bo oxidised 
and have generally failed to realise that on aooount 
of the much greater intennty of tbe odor of oaone than 
that of other mbetanoea producing odor far too little 
oiooo Sue bees employed in the expen menu The odor 
of oaone la at leait 100 timet at interne aa that of other 
■ubetanoae having a pronouauod odor 
The common method of uaug oaone to deatroy odon 
acmes to be justified by tfaeao consideration* The uaone 
maehmee in good practice are operated so that a very 
■mall oonoentration of oaone in the air le produced The 
continued renewal of thu email amount of oaone oxJdiaee 
the odoroua mbetaneee end givea the total quantity 
of oaone required by chemical theory 
Jordan and Cartoon undertook to prove that oaone 
does not deatroy smoke by eoatlng a piece of glaaed 
paper unif ormly with a thin film of lampblack and 
■objecting the carbon to the action of oaone for 10 houra 
and itato that there wee no efleot on the lampblack 
They regard thu aa evidence that oaone doee not de¬ 
atroy smoke although they itato that imoke also um- 
taine carbon monoxide udfuroua add etc 1 hey eeem 
to have made no attempt to study Iho efleot of oaone 
on carbon m«iy«ide, and sulfurous acid, but itato that 
the aeawbon that oaone destroys imoke u equiva¬ 
lent to a deliberate deception because oaone does not 
oxidise carbon particles suspended in the air Not 
being chemists, Jordan and Cartoon might not have 
known that carbon u extremely difficult to oxidate, 
but they should have known that carbon monoxide and 
eulfuroua acid, ai well as creosote and other pungent 
and aromatic orgaalo anbetaneea present in smoke, pro¬ 
duce disagreeable and toxic physiological affects It is 
just these uonstitulents of smoke which are easily oxi¬ 
dised by oaone The carbon which la not acted upon 
la totally inert and h a rm tom 
Jordan and Cartoon also earned out investigation* 
on the notion of oaone on air bacteria. Ae has already 
been stated, their determination of the oonoentration 
of oaone cannot be rebed upon because acidified solu 
bona of potassium, iodide were used which give lugh 
Malta The authors admit that the plate method which 
they used was not an exaet one, and that therefore the 
(wndta worn irregular They obtained a reduction of 
bacteria from 04toJtt,4etol8,61to07 (increase), 
78 to 84, that », the bacteria war* reduced to 40 8 per 
cent, 63 3 per coot and Ofl 4 per oent m three testa 
while in the fourth there was an increase to 1UB 8 par 
cent Most authors would discard the fourth tost and 
the reduction to be about 65 per oent Jordan 
ami Carlson then tned Winslow s more exact method, 
but did not use a large enough sample for the teat (4 5 
liters), *0 that the highest number of baotona counted 
wm 7 It is not good prMti ^i^ Wtono to gi aiJl work 

«ojTdrew°the following strange conclusion from their 

"iSs alleged efleot of oaone on the ordinary air 
bacteria, if it occurs at all, is slight and Irregular even 
whm amounts of uaone tar beyond the limit of human 
phyneiogiMl tidanmm are employed ' 

Hate h no reason to suppose that the oaone used 
la these sxpwtanmta was ' far beyond the limit of 
twfBaA physiological tolerance * The reduction m the 
number of ear bactona * not "slight end irregular 
The axnn was ntal results «t Jordan and Carlson agree 
whfc the remlta obtained by one of os* in New York 
mboul rooms showfa* a reduction in air baotiria and 

mot«h of 7* p* dent, M por cent and 81 per cent, the 

adalta 

STJffiSdqSltt/* This sta t ma mt la correct as it 

1* T fLSt 

S9^S£3%2Lmb^«omet Theqrsay 

m&m* 5p* C^Doty«dTw»jdow 

iSiii'Mi £*Mr <B*P«m» fee belief held so 


long that bacteria exntod aa a mam m rebreathed 
air It has been shown that infection oooun but rarely 
from mr-borae bacteria and then only when the boetsna 
miHtlu moist condition It is just there virulent bac¬ 
teria which are quickly destroyed by oaone even m low 
oooeeatrationi rhe bacteria which resist the oaone 
are powerless to transmit disease 

It la by no me a n s necessary to show that osone is 
capable of sterilising the air u order to show that it is 
useful u ventilation There is m fact no other disin¬ 
fectant which can be used even in low concentrations 
in living rooms All other known dumfecUats are 
highly dangerous in concentrations high enough to be 
at all effective Osone m low concentrations will both 
remove odors and will matotally reduce the bactona 
content of the air 

Jordan and Cartoon attempted to show that oume 
is dangerous by subjecting guinea pigs to high concen¬ 
trations until the antmeli died They also forced strung 
osone (10 parti per million) directly mto the lungs of 
dogs and rabbits after performing tracheotomy under 
ether and inserting a tube well below the larynx and 
treating the wound with oooame They lay they did 
thu because at least three-fourths of the osone u de¬ 
composed by the mucous membrane of tbe respiratory 
passages It is difficult to see what bearing this ox 
pertinent can have on the use of osone in ventilation 
Tbe osone which wm forced into the lungs must have 
been several hundred tunes re concentrated re it is ever 
used in ventilation It would have been quite as logical 
to place in pure oxygen or even an atmoaphere 

of 60 per owt oxygen and also force these gases directly 
mto the lungs When the animals died and the lungs 
ware found to be inflamed the oonUuuon might bo 
drawn by highly aoadem i o experimenters that it is dan 
genus to breathe air containing 20 per oent oxygon 

Jordan and Carlson earned out ex pen menu with what 
might be called low concentrations of osouo They 
■ubjeoted 4 oats, 4 rabbits, 6 guinea pigs and 12 rata to 
osone of 1 part per million nine hours daily during two 
weeks so that untabon of tbe eyes and nose was pro¬ 
duced Body weight, appetite and general condition 
wore noted No ill effects on appetite and body weight 
or general condition could bo observed The oonclu- 
uon oould, therefore, be drawn that osone in modcreto 
concentrations u harmless but Jordan and Cartoon warn 
us that thu conclusion u not justified 

l hey say Wo desire to state, however that tin* 
tint does not warrant the conclusion that tho osone in 
oouountrationi that may be used in practical ventilation 
u harmless to man Two weeks u a short time in the 
life of a man If osone in ventilation should e >me mto 
general use, it would mean in the oase of utlloo and shop 
workers exposure to osone from (1 to 10 hours s day 6 
dgys of the week, from 9 to 12 months of the year for 
from 20 to 60 years And uvun if this prolonged ex¬ 
posure to uxoun should prove harmless to tliu robust 
person what about the unfortunate paeon whore lungs 
have only slight power of reeistam o! 

Jordan and Oariaor seem to have fallen into the irror 
of —yn»ng that because they have not tried to and 
therefore have not demonstrated actually, benefit from 
the use of osone, thu is equivalent to having demon 
■trated the reverse, i e, the harmfuliuus iff osune 

If the foots presented in thu paper are properly in 
terpreted they will bo found to be m aooordanoe with 
the view that osone u a powerful dumfts taut and deo¬ 
dorising substance which, m suitable concentration u 
without any injurious effects whatever The elimina¬ 
tion of odor u by no means the least important function 
of osone and then u no other agency available uxcept 
dilution with fresh air In many cases it is impossible 
to introduce enough air for thu purpose without pro* 
dosing annoyance and dangerous drafts of air sot to 
mention expense of blower installation and operation 
m wall m heating the air As a matter of fact before 
osone wm available, disagreeable odon have often been 
omuidtoed unavoidable mim™ which could not be 
aUmiaated or ovsreone. 

With reference to tbe alleged harmful effects of osone, 
no mgU uwtaaoe of harm to a person from the proper 
use of osone in ventilation has bean published, but all 
ad vmm opinions bare been deduced, by inference, m 
m the paper by Jordan end Carlson, from expovnants 
performed with vary high ooneenteatians, while all af¬ 
ter* to produce bam experimentally with weak osone 
hare failed. 

Jordan and Cartoon report that 30 a nim a l s , exposed 
for 14 days, dung 8 boon each day. to oonoertatioM 
Ugh mtough to eauae tontatkm of the eye* and nose, 
eufftasd »e ill whatever Bill cites the eases of 

the nuBMoae wurtes fat the London underground tubes 
who hare shown no ill tfsrt in three years. Gmmdte 
cites (he tkahahhed workers in the spiim»g n ulls *! 
BaulUngmi, and aa*«Q 0 e tender instance* of prolonged 
motm m of mm without a sag* eosuptamt ere to- 

jar ta -The Jordan and Cirisan report u the 

■ 1H *lttntT and eonvinnn* laboratory Met that lua 


Report of the Bureau of Minea 

Tmc annual report of tbe United States Bureau of 
Minas Issued by the director Joseph A. Holmes dla- 
clow a a surprising amount of useful work accomplished 
and i lmrly Indicates the Inestimable value this bureau 
< oultl be to tbe country if sufficient funds were avail 
able to enable It to carry out the work that is clearly 

Broadly the Hues of work of the greatest national 
concern devolving on this bureau are the safeguarding 
of the llvea of miners and o( tbe employees in the 
metallun.ti ai aud mineral Industries aud the develop¬ 
ment of a men efflt lent and less wasteful preparation 
and uk of our mineral resources and while the latter 
of these is of vast monetary conitrn It is the former 
that will appeal most strongly to popular Interest (Jne 
of the first dilution-* In width this work was prose 
entod waa In rtlation to safely In coal mines and a 
largi nuulsr of detail* have Inn Invnttigiti 1 with 
good results Among these. art tin studies that ban 
buu made as to tbi tauaes of explosions and tlu lr pro 
vention the ns* of cxplonlv s and e-let trlclty lu mines 
ventilation and rescue auk us well as uiai y oilur 
points In tin mine ltstue a rk six mine rest tie sla 
tlonu haw Ism tstabllsb.-d us well a* eight nwur 
tais and one mi tor tiuek all of which have n ndered 
must vuluuble aid lu easts of act blunts and the bureau 
Itself has been Ulrettly responsible for the snvli g of 
a numbtr of Hies Out of Ibc most valuable and per 
mancntly nsefil brunches if this work baa lien the 
Instruction glvm to miner* aid during the ytnr _tt.<l 
miners w rt trained in res -ut wink and 17101 vvi ie 
trained in first aid methods Vt Ibc tnd of thi war 
24 970 mu bail been lustra ted altogether aud Ibt ugh 
theli nn ius u knowledge of iimuc wtrk 1* iqii i ling 
rapidly Other lnvcstlgutl ns looking ti inn king mints 


utlllrbg ur uiLutiul res hi ets n w mi util to mire 
Lban fllKJuOOO a day and wbtu It 1 h nall/ed that 
(hisc losses alt Iiicpliucable tin dislrablllly of primit 
action Is appoint, llial llic bure-tu is d.big spit n 111 
work in thti dirts tion Is shown In u single Him foi by 
tbt txpcndllurt t f Us* than *161100 u saving of naluial 
gun bus letn mudi f not lisa than *1 OOOUOO ur u ill 
lban the bureiu bus cost sin t ti was iguntatsl 

A lari fill i slliunti li 11 ales thut in the mining of 
000 000000 III* r losl timing tbe lust talendar yiur 
thin was w inti 1 » was b ft uud rgr ui d in unmlunble 
it udltlou J00OOOUOO tons of coal and ti Is believed that 
more than half of thin loss I* pr< rentable Of petroli urn 
not It as than * 0000 000 In valut is annually wastid 
by [it-unt imthids in tbi trdlnnry protean if tolling 
nail *7"OOOUOO Is lust mu uaily Hum are but lndl 
rations of thi wotk that slit uld be Uol t un I tbe dlrce 
this lu will U Un lin iu bi employing Its activity 
ml tluie an u jltitud s f utbirs retpilrlug attention 
Clin loti resting study unlirtakcn by flu- bureau was in 
regaitl to radium uranium aud vanadium with a view 
tt developing methods for the theiptr curetting of 
thiM valuable metals fr m their ores loth with a view 
t i reducing tbe prl i an 1 to develop tbe radium Indus 
try lu tills country and stop tbe cxiwrtietlou of oor ore* 
to foreign tuuntrlcs win re they are u w Heated As a 
result of tins study wbleli was uutlertuleu In eonnec 
llou with tbe Nationul ltadlum Institute methods for 
tbi t vtructiou and purlll allou of rndluiu vanadium 
and uiaulum from enniutlti on have beeu devised 
Ibt mitbodn have given sallsfacroiy results and lndl 
calc radium can be produced at a much Iowa price 
than that at which It Is sold at present. 

While In aome quarters the narrow view la taken 
that anything that a mints mining or metallurgy In this 
t ountry will be only for tbe advantage of soma corpora 
tiona the reading of this report is convincing that tlu. 
field covered by the Bureau of Mines Is to the direct 
advantage of every dtlxen of this country no matter 
who may benefit Incidentally for It la tbs public that 
pays eventually for every waste, and the cheaper aud 
more economical production can be made in any dim 
tion the lower will be tbe price at which the goods 
can and must be sold and It Is becoming more evident 
every day that no time should be lost by the tiovern 
meat In extending to our mineral industries and manu 
facto res the aid that la so liberally given to many other 
departments that are conducting valuable lnvcstlga 
tiona of oor resources. Incidentally It may be remarked 
that the policy of withholding aid from the mining 
Interests for tsar tt may antist soma corporation is 
likely to be the surest way to create monopolies, for the 
small mins owner cannot afford to develop economical 
proce s ses that wm enable him to compete with the big 
oooosnis, and if (to Oorarnment does not help him in 
this way Us only mourns is to transfer hta property 





The Diary of Kilauea* * 

Volcanic Action in Hawaii Being Observed and Recorded 


At Important tontrlliutiun to m lontldt knowledge 1* < ocwtracted Dr llQir ww named heed at tbe Ob 

tluit Juml publlNlntl l) l III VmIHj (t Arln rbi lnuti Moratory tod relieved of bta dutise In Staton for tbe 

into Iiun luogulstd tbo iml of nhtomatlc. otweivatlon purpoee of nuking Invest i gations it tbe votenno of 

f voli iiiioM nml f r tin i in imho lia* cut ilillihed In Klltoea whore tbe station la located 

IIm Hawaiian JmImhIs. an i Ira rialoiy where with Tbe Institute has tbe leue of e tract of tbiaa acres 

iiiitmI nt< lit uiithnli and < iiilpaient tin facta that on tbe brink of tbe crater with tbe option of renewal, 

tin milir Iihk In (Tir uii tu be eiillii-tid llu work and ita station led ode* living rooms, admlntatratlon 

out h Itn Initiative to lhi Interest and ntllilly of Prof offices anil work rooma while tbe Whitney Laboratory 
1 A In Kim i li if tin (uuliiKii ul Department who of Blesmology la a basement room of oonorete, floored 
Is tin illrei tor of tin Hawallau \ oli mio mwrvatory on tbe aolld ledge at beaglt Tbe piece of tbe lnatm 
I in report of the Hnwallun \ol< aim Ulster vatory la went house Is moat striking being on tbe very edge of 
n mat i|uarto of soicnty Hie pugit nell Illustrated the rim where at times tbe deads from tbe crater en 
width alien the history of the Institution and Its work compass It Daring some of tbe experiments It bts 
up to and Including 1812 I non nceisearv to establish a line of aaetatanta who by 
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( rater of Halemanmaa, about Janaary fUg 1918 

In 1»1J the oheorvatory was put on a ttvc year fonn alia from one to another dlrpeted the mnnl|iulatlnn of 
datlon and early In tbo year the present linlldlng was tin Instruments 

—__ _ Die Mtorv glien In the report la largely a day hj 

• Court any if nouns* Contpmt*u da) account and valuable for srlentlflc purposes lbe 


rood net of the fiery lakes In tbe bottom of tbo enter 
Is chronicled, tbe osrHlatlone of thfi lakes within their 
basins, tbe different kind* of tates, tbe one 

of which, “old faHbfnT w*i playing at Intervals of 
thirty tooonda lending fiery spray to ou hundred fmt 
tu height, while the earthquake shocks of every little 

Experiments were unde In gas- cc aspnsl t lnn of the 
vapor cloud* above tbe lake* Uu Howe of mottan lav* 
Into fiery pools are described and tbe fl oat in g Island 
Now cones on tbe floor of tbe gnat crater an a phe¬ 
nomenon of Interest, the fall of tbe crater walls, tbs 
range of tbe Are with reference to surface, an fra 
turn* la an activity that knows no c arn ati o n 

Part of the work was that of Perrat and Shepard, 
tbe former the well known volcanologist and the lat 
ter detailed for the work by tbe Carnegie Institution 
In this aeries of observation* a cable was stretched 
across tbe lake and from It tbe thermometer* were 
lowered into tbe lava to ascertain Its temperature It 
was a lery difficult performance and one after another 
of the lustrnmeats were last on account of tbe beat 
and arid condltluu of the vapors, which melted or cor 
ruded the wire ropes One record was obtained, how 
eier at 1100 deg Fahr mid a moment after tbe 
wire ropes were melted and the instrument lost It 
was the thlid pyrometer thns to be destroyed bnt tbe 
ubaeriatlou 1* considered to be a good one of the tern 
perature of Kilauea lava 

One of the striking matters presented by this volume 
Is a bit of prophecy Dr Jaggar thinks that there Is 
u rhythm li escape of lava wblib has been fairly well 
u rifled by the records of past eruption* Manna 1 ua 
a hli h la the subject of this prediction seems to have 
decreased tbe duration of Its erupt!re periods which 
ptpvioan tu 1888 were eleven and one half yogis long 
and since that date hate been five yean long The 
11 mi between those periods when the volcano has re¬ 
mained quiet has decreased from Are and one half 
liars to four and throe quarters Applying these figure* 
!o tbe last eruption Dr Jaggar la looking for renewed 
aitivity In this volcano In February 1810 There is 
really no satisfactory Information on which to predict 
the month hut from the uaual conduct of tbe volcano 
Ft binary seems tbe most probable It will be of great 
Inti rest to know whether this prediction made In flep- 
temher 1912 Is fnlly realised 


Food for Polar Explorer* „f whom I shall leave on the Weddell Hen and the other tho plateau it is 40 degrees below wro but in the spring 

IN A rent nt artn li in tht 7Wy I olograph London nt whom I hope to meet on the Ron Bee st the nomlu- month* tho temperature (alls a* low as 71 below si m 

Sir invest Shaikh ion distumts the important question sum of my long march Now several important (onnderaUona have to be 

nt food supplies and the preptrdut for explorers in polar Dn this march which i» roughly 1 800 mi Us I shall borne in mind in M looting food supplies for conditions 
ngiofiK and as tin si art qut tilting of vital importance have tho company of Mr Frank Wild my wound in com- such as theae Tht food must be wholesome—it must 
in regions whtrt tiuiptratlins not far short of 80 degrees mand who served with dtstmrtkm during an extended lie uncontaminated—and nourishing In the highest dp- 

below roro are (timnuin as (he mirrtmi of such txpedi sledge joumty during the National Antarctic Fxpedi groe Only by lbe most nutritious and (as far as possi- 

taw depends primarily on the health of the ixplortr* tion 1801-4 and who was one of the southern party bin) most varied food can ono hope to hold tho dread 

tlus article is quoted in full and will lie found of gi ntral of rav last expedition (1407-0) together with four picked (liaease of m urvy at hav Thire was a time when sear- 

inlirost partitiilariy thi tables giving llu scab of food men Given favorable conditions wo hope to do the ty which is often produced by eating preserved food 

rats me that has Ink n pn pared by C olonel Rt vi ndgt journey in 00 days hut we shall take enough food with in an unwholesome condition u*od to be regarded as tbe 

of ihc Itoyal Army Medical f ollegv parth ularlv for this us to last 1 JO days in rase we meet with bbraards which Hit ntable corollary of a prolonged stay in Polar regkms 

exptdition eonllne ua to our tent The average duration of a btir- It has been the heU Urnokr of more than one heroic 

In provide the best land of nourishment undtr the sard is two or three days but a particularly bad storm effort On the 1907 expedition we had not a single 
long and even at thi ir best tom* what trying conditions ha* been known to last a* long a* 17 days Even there- east) of scurvy attributable to the food we had brought 
of thu Polar regums i* a matter of consult table thought fore if we meet with the wont weather condition* we with ua 

and auxnty in the organisation of suih an expedition as shall haio plenty of supphs* to the good In the matter ' A gam food taken with ua on our sledging expedi- 
oura (aptain Scott whose great aehtoitmenl and of temperatures the mean Antarctic winter temperature tion must be as light aa possible In weight and yet non- 
tragi death an i vtr fresh in mind gave the matter bis is always below sere In summer it is about —28 On (radiolory as this may seom on the face of it it must be 
most can fui consideration But 1 belli ve this is the first 
occasion whin Polar explorer* will liave the benefit not 
only of prnelual pxptneroe but of scientific axpefi* 
nw nls and b sts whu h should | rove of very great ad¬ 
vantage in thi inming iffort 

1 hi sledging distant ( to lie covered will be roughly 
I S4X) miles and the lint half of this from the Weddell 
St a to I he Poll will bt over unknown ground Evtfv 
sit p will hi an advance in gu graphical science It will 
he ieartud whtlhir the great Vu Iona chain of mountains 
whu h hss liet n trai ed from Ross Sea to tiu Pole, extends 
strew) tho (ontment aud thus links up (exnpt for the 
mean bleak) with lho \ntlw of booth America and 
win Ihtr I lie gnat plaltaurarnund the Pole dips gradually 
), thi Weddell He* ( oHmuoua magnetic observation* 
sill Is taktuwn the jouiw The rouu will had to the 
Vagni 1i» Wf and tbe di termination of the dip of the 
inagiu tu needlt will Im of importance in pmotienl msgne- 
n-m Tht meteorolognal conditions will be carefully 
noted end this should help to solve many of our weather 
pmlilimh 1 In gUdolngist and geologist will study we 
rurmatmiiH and the nature of the mountain* and his 
njKirt ihoultl {wove of great scientific interest Thu 
apart fas* the soientifie work of tbe base parties, one 
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substantial Exi naive concentration not only dimin¬ 
ishes 1U nutritive value almost to ml but render* it lmu 
easy of assimilation Bulk is as exxentrol as nutritive 
value In very low ti mpi returns the heat of tlu bod\ 
which is the life of the body < an bo maintained only by 
use of fatty and farroaeexius foods in sue h liberal quanti 
ties as < in umstanoos allow 1 hen attain sledging food 
supplies must not requin mmh tonkins 'tortuthing 
that can he heettd easily and quieklv is the d< suit return 
for the amount of finl tliat tan bt earritd is strictly 
limited and if it runs out Hurt* are no means of replen¬ 
ishing it Kuhns the nuans of heating the food it must 
be of a character that ran he oaten without oookmg at 
all In winter quarters at thi base camps- a great 
variety of food Is passible 

' On our sledging journey to whit h I have already 
referred our rations will be Vi ouneus per man per day 
containing 6 512 calorie* In normal life an ordinary 
man eats about 3 pounds of food a day containing some 
2 400 calories so that we shall have tho benefit under 
Mar conditions of some dOOU calorie* per roan 

Here are the dodging rations in total wo are taking 
with us, calculated to last for 20 men for 100 dayi^pcr 


lard (pare) 

Hogar (ground oentnfugal) 

* (loaf) 


BIswdU (Antarctic, H and P ) 
TnuaBa 
Nut food (fl « 


OsOfcta «ai> ga paelmta containing 0 76 ounoo) 16 

WrtgKkMtfo&OUMOnbM) “ 

Ts* 33 

fktil W® 

“Tha whole of It » being packed in oWong bows of 

60 f wia ji-ga oh (oMooi booaure U la m*t* 

Ths box** are made of Vena, ta 

««^flM^lMtbU(]>twldaiabl* Everything m 


the nature of moat is m skins whii li come in useful for 
feeding thi dugs altluiugh if necessary wc shall cat the 
skins cum Ives 1 hope it won l bo' Those rations are 
going oul man fnge.ralnr and will remain in n fngcra 
tion until thev amvc at their (8rsl) destination in tlu 
land of the bout him (rests Vmung the articles men 
turned in the tables given herewith the lime jm e has 
boon i urn ontntod down at a temperature of not mure 
than <l r > deg tahr so that the anti sexirhutie pro|srties 
srt thereby preserved (llidine is a vegetable prole id 
while Trunulk luut this advantage over ordlnarv dried 
nulk that it has not Ism siibjeeti L to a heat so great 
that the vita mi nos art thereby de strove d 

It will be sex n that wo are to have a total ofllta 
ounce*) for breakfast While in Norway rexenth we 
founel that wu eoulel not cel two-thirds of that for our 
matutinal mial and I fancy there are fow men in 1 ng 
laud even among thi Laboring classes who are sub- 
jocled to strenuous work who could manage as much 
for the morning meal 

Our only stimulant will be tot Wo shall ban a 
small quantity of brandy with us but only for medic inal 
use m emergenov It often happe ns that ui up lifting 
the arms to fix the tent for slex p tbn blood rushes from 
the bands and thi fingers become instantaneously frost 
bitten A man Is then quite kort de combat bul a drop 
of brandy will kelp to pve a fillip to tho blood in the 
affeeted parts 

In the ordinary way breakfast is taken at f A M 
luncheon at noon and supper at 61’ M But to achieve 
the objort of our sledging journey we I mean myself 
Wild and our four oomradea propose to split up tho 
44 boon Into a 16 hour*day That will give us8 hours 
marching, 8 hours sleep and d hours for the prepara¬ 
tion ud taking of meals A* far as possible our davs 
and ‘nights will be arbitrarily fixed in this fashion bul 
our speed aeexaserily depends upon a variety of out am 
stance* 

"Our last supply of fresh meat and vtgotabU* will Is 
take" on board at the Falkland* It may be possible 
to carry enough to last us a fortnight After that we 
■b«ii taka to our special supplies 

"We an also taking some soil and seeds and hope to 
grow just» small quantity of oats, barley, rape, mustard 


and cress and peas As tho grex n shoots oomo up they 
will bo cut and made into sandwieho* We may bo able 
to take a few of these sand wu hoi with us for a very 
special treat on our 1 800-nub tramp 
T ho valuable tables of the sludging rations worked out 
by ( oleine 1 lie kondge are. as follow* 

W AIT OP RATIONS 


Ar,w -A—‘ 

Mojv 

-rarr 

matter 

SB- 

vat 

Hr 

Cikr- 

k» 


a n. 


(AIM 

, tl 



H ummt ^ v 
Dufpowdtr ntw 

(1 09 

3 H. 


TO 21 

14 17 

? 

IM 

llUrulti Iw 
Trimllk 1 » 
HUKir (widUimal 
Iunt> 1 H * 

0 ii 

5S 

O 70 

o A? 

42 A1 

105 

IM) 

174 

lout II tj >/ 

o (rt 

ft 77 

7u 0. 

Ill 03 

126 5ft 

1 868 

N^Mhort+f ok Iru 
1 r?i illlc J vt 

<1 Hi 
0 Oft 

1 50 

41 On 

07 in 

54 14 
1 (HI 

/- V 

8 i So 

526 

048 

1 Ui LI lj us 

l*r| 4 i v 

Mun»r r 

-1 07' 

r 

o m 

7 ft 0U 

lar IM 

60 W 

1-7 57 

Jl IK. 

14 17 

Aft 

1 187 

(ill ll| P A * ' 

III* ilU 1 or 

1 r ifitllk 1 / 

Huiir kill 1 Mini 

!oUl II f t 

| tt 0ft 

~a 7 

» 20 
11 7H 
I* $Q 

unr 

O 14 
0 HT 
H 00 

144 27 

O H2 

in Hfi 
11 58 

14 17 

Ml 

105 

150 

» 

aim 


1 re I li a tm ire! with I nrh r»Ue n 
! *"», VtJ sH * p""i y'™ h, | l i** lt 1 » m nee dal 
I 1*1 (*l I r 1 st — 1 JO fix xrsmjii w 
r tsl im tetri 1 v (Uj-gifl II grammeii 
loial artxibidraUi* par dsytOO 3H sramniH 


The Largest Centrifugal Pump 

M liras engineering e uteri rises arc wlieiiver pus 
xll l« e ii lu It I in n gignntti wale f >r It baa been 
f mil hut its In busliiiNN that lining thing* by whole 
hiiIi IhiImiiju thiin nlell methods A ret cut uwo Ulus 
tntllui. IblH es < ui reel In Ni w Orleans where very large. 
■IHHiitltlcH of water hinl to tic bandied In dralnngs 
w Ilk and to ine.lt the resinlrunentn four Immense 
i e nlilfin.ee) pumps were ordered which ait. said to bo 
the lan,<"t e f tlieli kind In the world 

I luxe hlu lumps have a delivery dinning of 78 
Ini lies illnmeti r and ire enpnble of delivering 168600 
kail nx f wiitir per minute at a one foot head which 
Ih I iual to the. flow of a good sired sire am The head 
ef watpi will vbij under dltTerent working eonelltlons 
fiom (no to thirteen feet and at this latter difference 
of level *10000 gallons per minute can be handled but 
the pumps are reirulred to turn up mueb faster than 
nt tow lifts for whereas thev elo their work st HB revo¬ 
lutions per minute when the heal Is but one foot. It 
response Jit nulutlvns to moic the stated amount at 
the 13 f xit head This h iw ver Is bv no means ex 
eesslve and the itunpH will lie very esonomloaUv oper 
ate d I j JVordt n. Corliss es>Di| mnd e uidenslng onglnea 

Itrslilcs these nionstene there will be a fifth pump tn 
tl e outfit which has an ontlet of 48 In ties and a capac¬ 
ity of 47 wo halloas |»r mlnntc at 3 foot head as 
Against 1VI<100 gallons at the eernspondlng lift by its 

hlg hrnlhirs I hew jumps are I ullt ly the Booth 
wmk lmuidry uni Mm blur ( rainiv of Fbllndelphla 

A pie Hire of esie of the big 7H-lneh pum|M aa it a|v- 
jxared In the ireitlm, shops of Its builders ls abown In 
the enter lllnxlrntl i of this Issue and some tmprise 
slun of Its unusual jirojMirlb ns e an lx obtained bv e om 
jiarlse n wltb the figure of the min whu stands In the 
nil let uiwnlng 

As n e(intrant lo these huge m meters a small high 
[iiswuri tbiee-stage tnrhliH jsimp I y the s ima makers 
Is also lllustrnlesl and this ls n little giant In Itn own 
wav rhe e nllil of this small | limp ls hnt 0 Inches tn 
illanieler I ill when nuiuliik nt 1400 revolutions it de 
llkirs 710 (milms of wsler jkt minute under a head of 
Id) ponnels wide li Is e Primes] tn lie the hlghaat head at 
tallied hy nnj ] niiij of Its kind vet built In tbla country 



Tin Util* glut tugh- pre a sor t pump. 
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Maps and Map Making* 

An Historical Review of the Development of the Art of Topography 

By Sir Thomas H. Holdich 


A han Mir often [ o h 4*hh c h the Inetlnot of rudimentary 
mail making that la to Hay he ha* the fundamental 
lnHttnct In him which certain anlmalu (I might any all 
wild aulmnlH) have for direction I remember once 
Horn Lhlng for an old and dlauaod Halt cave on the Per 
hIii n i nut which won Raid to be Inhabited by devUa and 
ether mipliHKout InhahltantH and which poa sc aa e d ex 
truerdUiarv nihterranean accncry of great wonder and 
In hiiIn It wa« a very bot and n eery weary quart 
We Kh mid 1 think have abandoned the March among 
tlie low hillH which crowded clown to the chore line but 
that we ctwerved a ragged and RcantUy clothed lndl 
vleluHl Hitting In Holltndo on the chore with a suspicion)) 
lump f noniethlng Wore him which he wan guarding 
carefully The pm tim'd eye of mv companion observed 
a natlNi mft on the blue horlxon which he rightly 
conjee tine'll t< t< engigeel In Illicit Halt traffle and wo 
at once frunl a nay out of emr trouble the man on 
the Khun e iilel Hpc*k no ncrt f dialect that either of n» 
knew and we eoulel only point helpleaaly to the lump of 
Halt and to the hlllii and Insinuate liy mean* of certain 
colon that nnc were not there to Interfere with him we 
inlv wanted I wo »In re III il Halt came from So with 
Ills tingern h Irew n map n the Hand and he elld It no 
well that linlf an henrM e Unit Ing led ns Into the nar 
i w mouth e f the cave und we Haw there what I be Hove 
n tlier 1 unpenn hid inr wen 

I In point of the ntmy Here In the file t that pree Indy 
the same -umhollxm the alphabet of map-maklny. enme 
118 iiatuinllN It till hnnd ef that Hiuiu.gkr nx It hm to 
the band of all mnpumktrN hIimc the dots of rinlitny 
Itll non The icry larllewt mapH I which theie 1 h any 
re'ceirel ate tlmm of C lull Huh 1*teUmiun wblih non 
niaile hI int im li I'd \ 1> hnt tin lailh'it otlinof 
thim I which wo can nfir did not (Alai till hI ul the 
ymr HIM) thirteen centurion after they were nduully 
i milled 

Hut then wen other mips during the thlitc'cn ecu 
tiirles whleh cIhimiI lalween the milking and the pnb 
Uniting fit liniyn nnipn and wmc it them nn n 
nuirkallv Inti renting st Jemmi h trnnxlntUn if tla 
iioikwirk (hiuiiHHtlemi V l> iss dmln wllli Hlb 
Ileal eonntrit'i A famoun map of the world wan om 
I Ileal h> a Spmilxh ni ink St neeitun In A (I 7T0 Thin 
iimkiH the «nilh winan plnntH the (larch n of Fdcn ill 
the t p or tin mnp (wbt li Ih the eaxtun xido if HI 
with I no anil Hu w r|ient In orthodox re la tie n-ehlp Hit 
next lnii< riant map In (he (.often nr \uRliSnx n 
mnp ef I hi w i rid dating from nbenit th« ind f the 
linth cintuiy line Jerusalem la no longer I he center 
mid luprobnun or l eyl in he at the te p A limp tinting 
from 1JOO again plans Jerusalem In the center hut 
from the ( imlcn of I len nt the top there flow emt live 
rlxcm the (•aiigiH 111ng, Included Hiln la a diminutive 
mnp dealgi e 1 to llliiHtratc a psalter but roe m Is found 
In It f i a gieal inrlety of human monah usHlei) such 
an au ommoii to ill mcdlieval mnpo These remark 
able a 1 lllli i h to midlievnl mapping are really lntereat 
lig is lidlmtl ns f the nutun of Ihe itlm •graphical 
ki wllg f III linn It Is ipillc protmlih 111 if they 
in) usent Ih priNiilllig lilina if the islneiilid I i of 
lie | rl stl\ lass iigaidlng Hie xtnmgi lhlng world 
lit i 1 tinlr mum Dili km About the viar 1 mi nml 
f i ii i tun lull i Him wns n p | ulni lilst in Iii Fng 
li 1 will! I In I m nk ul (lustir inllcd Ihe Poly 
hi i I i in I In il thin in two maps cotninled In 

I hi (imintl mil ul y Ip f Ihe day full of Ulhlleal legends 
hi I i | ulnr myths 

( hi] led with much Inf rmatlon of ethimloglenl In 
le rest ah lit nu u with i m i yi nr with hairy hod lea we 
Und thesee cuilous fi Is Hinted fi r the enlightenment of 
IHwtcritN Oe rmauv It la weld ban a greater population 
than It la able to fees! while Ireland la both larger and 
wider than England It seeks liberty but thirki tent A 
One of the intent of the mediavnl manuscript maps In 
the British Muwuni Is a copy of a map compiled In 
1481) bv Ki i Maim Its geography says Mr VllHere 
ehows an Immense [iupiuTcmi lit on the last mnp of 
VHO I uu )ie he Ing csjhh tally good 
Of the e nil st piluh I rang* Just ene or two require 
n short n future TTn re (ami map known as the 
( um map ■ implied before 1464 width Is printed 
from a copperplate by Cardinal Nicolas of Knssan 
which was the cbtii map of Its time and a map of the 
world In the Insulnrlnm HInatreturn of Henrtrus Mar 
lctua (hrmonus Ip to be noted ns the tint showing 
Pori inn u sc dlacoverlcH At this point In map Idatory 
* Mxlr t* )rnsi lntagniwl address l f< re tbs Royal Maty 
of Arts 


isuumenui the dm rudiments of modem cartography A 
Dutch printed map by Johannes Rayacfc first r spre as ats 
India u a peninsula That was in 1807, and It lndl 
<ates the gradual progress of geographical knowledge 
The Waldseemullar map of about the asms date intro¬ 
duces the New World and further define* P or tu guese 41s- 
covariea and yet another Dutch map (for the Dutch 
mar claim to be plover* in this branch of the art of 
printing) usually known as Jan Sorensen* Bap, 
which undoubtedly la much Indebted to the Waldses- 
rauller map for Its material, Is quits s good example of 
early topographical art The mountains now assume 
the appeereoce of lines of haycocks, and Urn trees lneB- 
cntlng forests are all of the pointed Noah's Ark variety 
Strange beasts, including an enormous alephant stray 
over the continents and monateri of the dasp Indicate 
the perils of the see Thenceforward the gradual evo¬ 
lution of the printed map passed Into the hands of Ital¬ 
ians who took a much stronger lead in geographical 
Illustration than In geographical discovery Gerard 
Mercator st the end of the alxteenth century was the 
gic at map maker of his day and bis projection (not¬ 
able perhaps, for Its simplicity) la In us* at the present 
time Mercator given ns by far the best map of Ireland 
yet produced 

It la to be regretted that the greatest geographers of 
the medUeval ages (the Arabs) have left so little In the 
shape of cartographical illustration behind (turn 

I hi re is no doubt * feature common to all threw old- 
world raniin which cannot be admitted now but the old 
world endeavor to unite ethnographical knowledge to 
Hint of more pronely geography U no longer considered 
e lmlsslblc In fact, it la the extraordinary wealth of 
nn infinite variety of Information conveyed hy legend 
en 1 bv ph tc rial Illustration whic h renders the old form 

f met ping so Interesting and no confusing There are 
III Iced icrteln details which may lie conaldered as his 
lorlcolly awful We barn something of what our fore 
fnlliere knew nlxmt the w orld they lived in We learn 
what their shipping was like even if we cannot admit 
I heir sen horn monstrmltli a We have found that in 
h mi di tells of geographical Information they possessed 
n knowledge of facts which havi hem discarded since 
thilr time only to lie revived again as coirect in mod 
c m ilnj-c as for Imctaui-e In the cane of the Nile sources 
md the mountains of < cntral Africa. 

With llu gradual cNotation of a system of caring 
rnphN which ah slid first of all divide land spaces from 
water b) outlining llu continents and islands of the 
„l It and thercaftei separate mountain system* from 
plains und secure somt representation of the hydro* 
raphy of Ihe tarlh bi doUneHtliif the courao of * great 
i In era then arose the Imperative necessity for a form 
of piojectlon of the map the definition of parallels of 
latitude mid meridians of longitude by means of which 
Ihe true nlatlonahlp of separate areas of the earth 

< lilt I he cmrmtlN maintained Obviously this neceaal 
tated careful measurement of the inrth* surface In 
uiclii to determine Its figure and to establish lawn and 
fi nniilii wlnrthy Ihixe paralhls and meridians could 
Is Inkl down nituralclv previous to the Introduction of 
tojKigiiipliv liras muse the hlIldcs of geodesy or 
tmlb ineuHimimnt 

II mount lie too xtrcmglv Insisted on that atl sound 
iimp uiiking must ho luisecl on sound geodetic measure- 
ini nt hi Hm tlr-t Instance To put It shortly Trlangu 
latlon which la Hu mill one of geodesy !* culled upon 
to supply thy framework or skeleton onto which the 
tiqiogiaph or the body of the map ha* to be filled TO* 
frame work la furnished with * projected graticule sys 
Inn (I a. with lines of latitude and longitude correctly 
defined) so that the picture or plan of the country In 
question can be carefully adjusted by means of the 
lmtnhc fixed by the trlangu latlon which are of course, 
inuiDiim to both the geodetic projection end the topo- 
yraphlcHl map This adjustment la the work erf the 
cartographer Sometime*. as Is India, the cartographer 
nud Hm actual topographical surveyor in the field are 

< in und Us seme person Sometimes a* In Bueall, « 
highly practised cartographical artist If employed te 
take the field eheeta from the bud of the topegraphae 
nud translate them te the finished map wliboet ref¬ 
erence to the surveyor at IB It 1* this latter m ethod, 
doubtless which produce* the moot artistic efforts, bet 
It should be remembered that typography In net only U 
nrt hut a twofold art There In the oartograpWe art ffit 
translating the field map to the dual short for puMt- 
catioe and then 1* the att, etriy really glw te firm, si 
representing Natan on the trtdmep M m totofi% 


extort The art of the topographer thus eombtoes that 
of the painter and ths engraver 

I seed hardly aay that wbtti I talk of malting map 
pictures foots Nature I am talking of the prtnwtabl* 
nuthed of making them. It le the ov process which 
fully derarvae the appailgthm of art, and th* beauty 
and advantage ef ttt* eyetoa of mapraaking la that ft 
iKMtta to the MgfcmtnrtMo Instinct*. Idenrt mwn 
that an Inartistic effort may ho teammate or madam. 

If accuracy le oar ofajeet, them no pro fo sa loyl car- 
tognphor however gifted with artistic tmsgtattioe end 
draftsman's skill, can take tin plnoe ef the a«s who 
sees and knowa, into whont eyes tbs ptotura of great 
world-spa oe* han entered Unfortunately, gift* ef 
Imagination emabteed with draftaman’e ekfil eftan 
make very pretty showing Bxperienee will enable a 
daw cartographer, a dnftmaaa who has never been 
In the held, to repimant area ocmpUcated topographical 
features of en lmagtasry character with a skUl suah 
that even an experienced eorvayor can hardly detect 
the Ike In It, end eo it cornea about teat If a map le to 
be Judged by Its accuracy and faltiifetnaae to Nature, 
apart from artlntie effort. It la very often the moat 
unattractive maps that am the boat Pleas* rtmeeaber 
this, and remember also that the processes of raprodw 
tion vary infinitely, end that when you look at a really 
beautiful production full of harmonious light and 
shade and delicate Indications of graceful features 
when effect requires these, end exclaim “What a lovely 
mapl you may be merely the innocent victim of a 
skilful cartographer who has been backed up end per 
fected by a lint-rate publisher 

It la Interesting to observe the slow hot gradual de- 
Nolopment of the art of topography from the earliest 
mu pa until now The alphabet of the process baa re¬ 
mained much the same Mountain* and plain*, riven 
and coast Hues have been atmpHlIed and perfected so is 
to produos the most readable map but the alphabet has 
not fundamentally altered It la in the matter of relief 
chiefly that ths change la noticeable The earltast at 
tempts at depleting mountain* by pictorial elevation 
have given place to plan The little groups of conical 
excrear-eiK-ee like bands of hsyaxks, were by no means 
unintelligible though purely conventional Indeed, it 
may be doubted whether to seme Inteiligsucas they are 
not even now a more effective Illustration of hilly conn 
try than our latest and most scientific system of con 
touring Between the two we may find every variety 
of method employed which can produce the effect re¬ 
quired In large scale maps dealing with comparatively 
small areas and involving no great differentiation In 
altitude It haa long been decided that the only aden 
tifle method of depleting the country la by line* of con 
tour* (1 * Une of equal laval) at definite vertical 
Intervals It undoubtedly haa Its drawbacks There 
may even be s difficulty her* and there in the distin¬ 
guishing between an elevation or a depression unions 
the value of the eoctoura above the datum are dis¬ 
tinctly stated in figures. But It la beyond dispute that 
for all military or fiscal purposes the contoured map la 

I HfflcuHIca arise when the deration* on tbr fore of 
the map rise from the status of hfita to that of moon 
Ulna, and with the gradual rteapenlng of step™ the 
delineation of contour* gate cfeear and closer until it to 
lmpomlbl* to introduce them on mpall scale maps with¬ 
out overlap and oonfurtoo. This appUee to the many 
forma of geographical maps from the sole of one Inch 
to the mUe downward, wbtp it Malty happens that 
acme more artificial and tern conventional method of 
Illustrating mountain* la plan I* neemmi y the diffi¬ 
culty to anally mat. by "heehurteg,’* that M to say, bf 
introd u c in g broken taetoad at cmitfaUoe* contour*, tad 
abondoatog regularity of rfrtieel totem! U te ben 
chat (be artfet stupe to, 1 > 

The weakest Nek to that ohstn of prime** wtfcfc 
is the bueeu at artsntifio mainmektog Bra te (ha 
tirocm* of apafateteC'Bew work with oM. facie lg- 
h®ent of tto prammee of mapf-kiag M Mr* *** 
Mefite* ffitefc Ihe i*M| bf Hvhfirtt Mrt? tefe (fi* 
matom -fa topM? Frfch'wJOtt fteet. 

i^«M«hto55*te i toreSf ttrtteee 

aN tee NM»lr teMdffiS 




" te Mi teeter tha term geographical, 1 e, wide 
»«• tepteted tofWgrsphlafiUy on muill scales within 
tte rigid ttm of * restricted duet, theat variations lu 
iP&z&r at swsfsw? batons tor more pronounced and 
mam Important. No one bat the compiler (who keeps 
tkt reeord) can possibly mi what la the exa.t value of 
Hr rn • portloo of the map, bow far it lx to be trusted 
m (ha Mw of oooducttog military affalrt oi the 
Mtmnmmi artaagement at boundary settlement* 

Asalrabaltef Ip the accuraoy of a printed map com 
pUaOon baa foundered many a high political pro 
cmunmA man when the geographical features which 
may foem the bed* tor a treaty hate already been cor 
rertiy abown aa they existed at the Hum. the map won 
made. The face of the earth changes and locally 
(baogea vary fast 

WO Med to elaborate thU propensity of our earth 
WQrtd to change its face or of ita more primitive In 
hebttanta to change their habitations and < M U Hum per 
lietually by new names I only refer to It aa a mutlou 
to map ettica. 

I hare Hid a Word oi two indicating that tin. gift of 
laagtoatloa moat still hate lta place In map making 
ThU may sound almost Immoral although It U hot a 
page from past records, and v< 11 bate conn to the con 
rlwdon that if the public la aalusl to czetdxc Imagine 
Hoa to reading the map the map-maker mimt rue. t the 
puhMc half way It Is still, of course In I be domain of 


giHgriniililral mapping where the conformation of Hie 
Moiiucl la partly well knowu partly Indifferently 
hmmii that Imagination mnst here and there ho .ailed 
u|M)ii to snpplcmcnt actual knowledge If the uiu|c 
maker won. to confine blrarelf to absolutely wluet be 
kmw lu be true in Ibt dollneatlun of mountain lud 
'illty or of rough desert areas wbereiu no living erea 
lure muted ho would simply leave large whlto blanks 
In his map which might In themselves be moat nils 
leading 

It used to be the fashion to loavo sneb blanks but In 
im opinion It Is hotter to Introduce mountain* or ilea 
erta wlure tbet arc known to extat to Indicate all Hint 
can bo seen from a distance than to make no sign at ull 
Hit part of tbi map which la ecujectuial should of 
ionise be tarefullt lndleatirt but thele U dnubthiw a 
tendency on the part of enthusiastic explorer* to eon 
aider mnth of theao conjectme* sa certainty bihI to 
make no specific dlatlmIlona between what tluv know 
nnd wbnl they think tluv know In thin wav II often 
happens thit succeeding explores In the same region 
lire apt to tooth mu the work of their produce attorn from 
w lot of knnwlidgc of the exact natnru of the dltTorent 
lairis of that work 

I mnv my Just a worel here about map crttUlam It 
Is n most emniiion thing for even Intelligent travelem 
jsishIiik ovtr n count rv with a mop In I tic I r hnniht to 
maul that tliey fomid the map all wrong how In the 


case of e\|a till loos Into isirtiallv known IhihIh It Is only 
I lie tip, it who tun way vvluthei the erltlelsm la a Joat 
out oi nut It nit ht mat a It Is not flu the simple rca 
son tluu oulluary travelers have no metiiiH of Id. ollfv 
Ing thill position nutl do not know txnetlv while tliev 
nIhihI while aa rcgaitla place names although they 
nine succeed In Identifying the tssdtiou lianud tliev are 
ill the mirtv if mitlve guhliM and Interpreters for thilr 
two lu formation 

Hare la one matter about which axperta disagree 
nn it or less and It Is one on which 1 think the public 
might well express an opinion U Is tlie fashion now to 
Indicate auecosslve plants of dilation hv flat Hut and 
Hit iitllnarv nppHcntlm tf eolor for that pui|**e Is in 
slmdis of gretu for tin lower ileiathim. rising Into 
brown which deepens with the allltnth So well known 
Is lhlH svstem that I tblnl It nuiy he eonaldiied to have 
(Mtnlilhiliid n fair elnlm to ptruiHiiimc hu far an Brit 
tsh mat*, ut comt rued hoi mv own [tart I <nn 
liniigliit nothing better fi i onllmirv tuuliu, mupa Hut 
dlRhultv arl-ss, whtu thi ullllnth h an gnat rising to 
muni thousand* if fist aw In mounlulnous regloiiH 
licit It la n.lnilH.il that no mu unlvtiHal hj stem of 
coloi printing Im satisfactory HiIh la not an unlmtwr 
tiint uuiltir hr It directly nffixts geogiaplibnl ednea 
Hon which now Is no Inrgelv andstesl In achoola In wall 
miiiM 111 tin ifTisllve preiatrnUoii of IIum we want 
the opinion of I loth teachers and of artist* 


Astronomy in the Arctic* 

Some of the Duties and Hardships of Observers in the Frigid North 

By Ilusscll W Porter 


Horn, twenty years ago It wan tin. foitum of the 
wiltei --or misfortune, rather—to bocome lntMUlaUsl 
with the virus of that at range ‘wander lust known aa 
the ' Art tie fever" Bines that time he has taken ton 
vuyngea above the circle The following note* on the 
part of bla labors bearing on the astronomical problems 
artalng In the extreme Neath may be of Interest to 
amateur ohaerven who have never strayed «o far ■ field 

The (lntl*# of the astronomer of a polar expedition 
arc the detormtoationa of the latitude and longitude of 
the winter quarters and Hroenwl.h time There are 
other activities, such as the mapping of any new lands 
observations In connection with magneto, work etc 
but the flrit-meuttooed are the most Important, particu¬ 
larly a knowledge of the Greenwich time—for, as we all 
know, the meridians of longitude convene at the Foie 
to a point, and the longitude la the difference between 
local and Greenwich time Therefore It la quite noees 
aary that a person traveling toward the Pole over a 
shifting sea of Ice should know upon what meridian be 
la Journeying, and that on bis return from the Pole be 
should know upon which of thr meridians be la descend 
Ing, In order to arrive safely at lila base of supplies 
The compass due to lta weak horizontal component 
la too unreliable a guide 

The Greenwich time Is tnuwportod from civilisation 
to the winter quiutem by means of chronometers on 
the ship. Were their rate of gain or low uniform this 
method would be sufficient Hut the shock of the ship 
In forcing a passage through the Ice la very great and 
the clocks change their rates, so that, arriving at win 
ter quarters after a summer's battering through Ice 
Bow, a knowledge erf the time et Greenwich Is very pool 
and hot to be depended on So recourse la had to othei 
and absolute method*—either by ocrultatlona erf stars by 
the moou, or moon star culminations From cither of 
those otwerratloos the center at the moon Is determined 
la right ascension at a oertata Instant of local time 
and by entering aa almanac and finding what the Green 
(rich time la Whn the moon has this right ascension 
nod by taking the difference between these two times 
thd kMgttodfi la fit coca obtained The degree of ac¬ 


me uis of a sounder mi the whII of the observatory A 
collimntlug phr n few fret north of the tiaimlt served 
foe the mirth racildlnn maik while a signal made of 
stv pnil biscuit tins onp on another plaeeel on a glacier 
n few miles away, served as a south meridiem murk 
Hv swinging the Instrument ool of the meMielian and 
sighting through a hole In the wall the magne fometi r 
of the magnetic observatory some thousand feet awav 
euuld be seen and thus all magnetic, declinations re 
fined to tho prlmaiy meridian 

rhe writer spent many long hours In the ohtetrvatoiv 
through the winter night with bis eve to Hie tcleaco|M 
watching the tiny star disks passing across tho seviu 
ilitlcal threads of the reticule Dressed In heuvy hire 
with one hand bare to record the time Intervale he was 
obliged to alt motionless for sometimes two or throe 
hours at temperatures ranging from TO degrees to 00 
degrees below aero with no artificial bent bdO the bit 
lei wind passing freely through the building At times 
the room would suddenly fill with a fog so thick ns 
to require an immediate cessation of work Often the 
oU in the Illuminating lamp hardened lo th< ronwlstiney 
of stash and the lamp refused to bum Tiny lee par 
tlcler of hoar frost were very bothersome settling «n 
the pivots of the transit and throwing the horirontal 
avia out of level There was no running around the 
lilock stamping the feet, or swinging tho arms to 
restore circulation—Juat a steady nerve-racking watch 

Those observing at the magnetic hut fared no bettor 
Here the vagaries of tho nredlo wero wntebed and 
tecordid every two minutes over an unbroken interval 
of nearly two yean 

The peculiar conditions surrounding tho pole present 
otlici obstacles The sun n ver mounting high In the 
lieuvtns Is wink in nctlnh rays benet I ho photog 
mphir has his troubles lu using an artificial horison 
with it sextant the small angle of Incidence prevents 
the whole disk of the sun from helng observed In fact 
the small transit instrument is altogether preferable 
to the sextant In polar work Those made especially 
for the Ziegler polar expedition were bnt Uttle heavier 
than the sextant and mmnry basin and far more 


oonwy ao found U not great, but It muat be remembered 
tbal * tefftet at laag&ote near the pole la a very modi 
afealter quantity than at the equator, on that, for prac 
titol pttpoam. qalte a large error la admlaslble 
On Writer's test Polar expedition, an observatory 
wksfitootod on « baaalt lodge cue hundred yards from 
tiic beat*, ft w»a about 7 fret hum, with walla of 
tetfeMk dmtfctog, north and tooth ahuttora, ud a 
tteUtertMite fffitfihd atifihtiy todtoad roof A transit 

awwass.-s"'* 

rW hteg fra HfJbfi hdfiw wfH oarer dbturbed Beata 
btorifrrircutt dock ware h a^ by 
tin 


During the long summer's day of four months the 
writer hu tried to And the moon bnt has never suc¬ 
ceeded The heavens are not bine bnt a bright, gbvr 
Ing grey doe to the reflection of the sunlight from the 
surface of the snow It very effectually "puts the moon 
out of bmdneas," aa Car aa the astronomer la concerned 
On the other hand, In the winter night the moon la 
above the bortaon continually through half of ench 
lunation, and baa modi the same appearance aa In lower 
latitudes. 

Imagine yoanelf at the Dole, with the meridians at 
longitude radiating out from your feet until they dis¬ 
appear over the rim of the boriaon It la about Juna 
21st, th* summer aotetiee, and the fan la revolving 
aranri the baavaoa to an altitude of aome B dagraes, 


IIS evil lust oiic i In twmtv four hour* Imt mltliir rls 
luy, ii i ill m i mlliin III lls path through the skv Whut 
time Is II f< i vou as von stand there—that Is Mine as 
iiii.Ii istissl liv an nstiouoimr' llu hiiswll Iwrasy thi>rc 
Is no local I hue It Is equally trm to sav tliat It Is 
all hours Now step off the pole toward thi sun where 
i vi r It uiav hapiicu lo Ik V ou aie now on thi mi rlillnii 
uvir which the «nn Is situated It Is ihmHJ lo vou 
nstrimomlcal noon Take two sti|w backward von 
have crossed the pole bio un tin same uiertdlau awl It 
Is astronomical ml.lnli.ht In this manner vou ran 
make the time of dav anrlhnu vou choose »»> slinplv 
taking one step awuy from the ixile In tho dim Him 
of the meridian on which that parti, ulnr time obtains 

if von lould afford to remain at this uolqui *i>ot 
thronghont a year you would set the sun start ou u 
slowly diseendlng splnil until at the autumnal rqninnx 
lu would be rolling around llu hcrlxon like n bl„ till 
llnnl hall I he no\t day he would show onlv his log* 
edge and the next would disappear entirely fin six 
monllis slowly spiraling dowimiinJ until at the winter 
solstlci hi Is 21 degrees Islow the horlron anil begins 
his slow return In Mnreli he again pnta la an aiipcar 
in c niKHtlug bis perfurmauee of tho fnll before but 
In reverse order niilll on lune 21st he Is at his highest 
these would he. the phenomena provided yon could sec 
them bnt the (hanccs nn that there would Is* but 
fugitive glimpses now ninl then ss the snow Is drifting 
almost continually In high Intltudia 

I he auroral displays art of eoursi of roinnion is 
. ureence Isyon.l the ilrcle and at times In the winter 
lx<omc so brilliant as to lighten up the ‘anowscapc 
like full moonlight In Iron/ Josef I nnd north of 
Kussla the stream.is predominate the auroral arch 
not being common hut in Hie vicinity of the north 
iiuigwtir pole the auh Is seen more often Hie writer 
hns nevir been able to hear the peculiar sound ro¬ 
se milling rustling silk so often spoken of hv Arrtle ex 
plonra as aicowpamlng a brilliant display And It Is 
his Impression that tin great magnetic dlstnrlmnien aw 
otswrved to thi magnetometer In whiter are not neces 
sarlly accompanied by exeeptlonally hright aurora. 

Where Timber Is Wasted 

It will surprise moat people to learn that boxmakeni 
In the t nlted Mate* uae more than four and a half Ml 
lion board feet uf lumber each rear or more than one 
tenth of the entire lumber cut of the country This Is 
the authoritative statement made hv the Forest teervlcv 
of the Department of Agriculture and although mnst 
of these boxes are aaed several times still It la sugges 
tire of a very conalderahle portion of our feat dl*ap 
pea ring forests Already the high price of suitable lum 
ber la forcing manufacturers to seek other materials 
and more economical method* for packing and shipping 
their goods, bnt there tw room for much greater develop¬ 
ments to this direction 
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By Harry Chapin Plummer 

io (t ua by rail The drutm h<> thcrlshed hr Henry I non ton* with an additional provision In one of the pllshment baa burn alow on account of the many dim 
U Flaglu tho foumli r of tho Florida Last Const Rail foiward hallaHt tanka for the shipment of a bulk <|unn cnltlis to be oieroome It waa no small undertaking to 
way aysbui has found Its ultimate realisation lu a tlly uf uiolax-H m Tach largo bold la aened by an lode- extend (he line down the sandy marah} shore of Florida 
wonderful tarftrry steamer staled to be the largnd laudcut double drum el«trie unco hoUt of two toon to Miami where a long pauae waa made Then came 
und moat tapacloua of her type In the world rhla laiuulty and the ncuHsarv tilling and discharging ap- that daring engineering feat of carrying a railroad over 
powirful ciaft which beam Maglei a name anl whlth paratua ban lieen fitted to the tank Intended for mo- Ihe awampy Up of Florida and thence by a remarkable 
la designed specially (or the 100 mlh run bi tween Key lasses wrles uf embankments and concrete viaducts using tho 

West Fla and Havana Culm will tonipUti Ihi final Iwi wulerlight iiimimrtmiutH into which the vessel long curving serloe of keys as stepping stones to Key 
link in tbi pawugt of freight without trails shipment is sub dUlilod are used for Imllaat purposes These Wtwt, the outermost accessible point that can be ruacliad 
between the ilUca of the United Statia mil llHvuna deep taukM ban u iBjaiilty of 1000 tons and the In this manner 

Snntlago and Inti rlor points on Uie Island of Cuba Miami r therein tan be hrongbl down to her proper In building this wonderful viaduct which la 138 miles 

At the Haiana terminus of the ferry the steamer draft whin no mrgo Is carried A system of plpea con long from Homestead at the Up of Florida to Key 
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Apparatus for Demonstrating Newton’s Laws 

Studying Motion Accelerated Under the Action of a Constant Force 


By II. W. Ilarmon, Grove City College, Grove City, Pa. 
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mood por Mcood, or 32.18 tat per second per eeeond: In looking Into the factor, which rater Into tUe ex 

end the wrifht of * body approaches foil effectiveness pertinent, Inertia, momentum, Impulse, frtctloc, and tra¬ 
ss (a) approaches aero. We shall therefore expect to etc®, It la aeon that Newton'. Three Law. are all folly 

Sod the values of T, always leaa than Jf b and T, always Involved, and also the law* of accelerated motion. A 
greater than If* for Jf, la accelerated upward, and T, knowledge of moat of the terms uaed In machanlcs la 

Oooslnta of both the weight of U, and the force which neceeaary. Title therefore should make an especially 

la accelerating Beference to the data table ahowi effective experiment for the Junior student In phyilca 
those expectatSona realised. or the etndent making a spade! atndy in mochanica. 



eqvgl to Mi W*WW- Tha wtight of If, at rat la folly 
edtatfa* is, prbdnafag taulon. A frealy falling body 
hsa no effective watght, far lta weight force la all need 
la • CMtera U ng it A falling body only nightly accel¬ 
erated haa a proportional part of lta weight effaettve 
(t a^ a man In a d aa condln g elevator). ThU effeetlre 
weight oppmcbM aero as (a) approachae (g) in ralae 
when W «QMl» «n deceleration of 980 ontlmettre per 


Snddoi ChanfM in the Form of liquid Crystal** 

By O. Lehmann 

FoaMtHLT act Hire axaumed matter to be continuous, 
allhoogh porous; to be chemically ss well an physically 
homogeneous; the molecular arrangement changing of 
cooree In case of anlaotropy Ht the bonier line lietwcen 
differently oriented port* of a body. In case of crystals, 
which may, however, be dellued ns narregato*. For 
example a nphcriea! crystal lum been considered an 
aggregate; whereas, according to my finding*, It may bo 
nn Individual. 



Fig. I- 


Likewise plastically distorted eryatala (of gold, sll- 
ver, etc.) were held to be aggregates of oryntal frag¬ 
ment, while the existence of liquid crystals wan wholly 
excluded from the realm of possibility by the “Theory 
of Identity" (molerular Identity In the aolld and llqnld 
states), cryatalllretlou being made synonymous with 
aoUdlflcatlon, only two aorta of molecular arrangement 
the lattlce-Uko order In the crystal and entire Irregular¬ 
ity In the molten masa, being considered poesllile. 

My dlacorery of transparent plastic crystals, whose 
distortion rauact no fragment formation, together witli 
the discovery that by the admixture of foreign snb- 
atanren pomnnont distortion of eryatala can bo secured, 
first Justifies the question: "Are aueh distorted crystals 
still to be regarded a» individual nnlts, or are they ag¬ 
gregates as formerly supisassir Must we dlsllngulsli 
between tree crystalline idnntletty, where the iiystni 
reualrta a unit (for example, soft glnsa) ami apparent 
plasticity, where n rtyatalllne unit becomes nu aggre¬ 
gate of fragments, the only sort of lrtastielty recognised 


The farther dteeovery that the form of silver halide 
stable above 148 degree*, formerly considered amor- 
nbouft-vlacons, waa really crystalline, naturally raised 
thetortbergoeatlou, “Can true plwttdt, go so far that 

■ crystal may ba cofaldered fluid, thus contradicting 

th#'Ttao»TO*Mfatterr" 

t tret obtained- absolute proof of the existence of 
Hqpi4 Crystals. ’*tth gmmonlnmotoate hydrate. Tim 
' mpt tat* t»^<Je«»<m*tratloa that these <wyst«t« 
pewarea no “ifadt of elasticity," as the term is under- 
atoed retitir* to suWds; fat the molaeular eqnlllbrlum 
Is restored after any dlstorttou; there- 

mast be considered liquid, not solid. 
SderySwina atemralnm-oleete is drawn 

■ totoarrange themselves 

■ gSg SKSa -^raamMcular to the walla 

'etafalUne mas. swelta on 
torn* (iwmhl 


crystals), consisting of a modification of ammonium- 
idea to of Identical structure with that in the tube. 

Tims the existence of myelin forms is a complete con¬ 
tradiction to the above-mentioned assumption that a 
cliemleally homogeneous body must bo physically homo¬ 
geneous, for those myelin farms are not aggregates of 
crystal units, no boundaries being anywhere observable. 
Nevertheless, points near the surface are by no means 
equivalent to those near the axis; therefore the matter 
it not (rmtinuoui. The cwietcncc of liquid cryttalt, 
peri ally of Ike mynlia sort, ii Ikon a certain proof of 
the molecular theory. 

The existence of liquid crystals also contradicts the 
umqitcd theory thst only two forms of molecular ar- 
rangcmeiit can exist, the one entirely Irregular, tlio 
other, the lattieo-llke order In crystals. 

ir, as 1 11 ret snpiswed, the molecules arc tiny rods, 
they must he radially arranged when rnicked Into a 
capillary tube; hence any current In the mass would 
alter the lines of Interference, since Intemnl friction 
would retard motion noar the tulm wall and give the 
molecules there situated an oblique direction. This does 
not isrur, therefore I now assume molecules to be tiny 
flat plates, wbnae surface* uro porpemlleular to the 
ojitlenl axis. Other phenomena support this assump¬ 
tion. 

Accordingly a cylindrical myelin cryrtal Is In a sense 
an aggregate of co-axlal cylinders of regularly plsced 
plnte-ltke molecules, three cylinders being closed on 
(he ends by hemispheres of like radius. 

This peculiar structure demands anisotropy of ther¬ 
mic motion mid of expansile force. The molecules 
easily glide over one another In a direction lmnilld to 
their flat surfs cat, therefore expansion In the direction 
of the cylinder ails Is greater than lu the direction 
perpendicular to tho axis ; the cylinder mutt then reach 
sack u fkirfcacM that the greater rapDfary pressure of 
the hrmUpherteal end* matt exactly balance the excel* 
of c.rpanillc force. 

H 1ms not yet been iswalhlc to demonstrnto tliermle 
UKiveraents mid their anisotropy by tho olwervatlon of 
tho Urownlmi movement, and hIdm* iwislmil transitions 
fnan liquid to solid crystals occur It Is very possible 
that the font* hindering the surface tension from i*om- 
linwdug tho liquid crystal Into a sphere (myelin forms) 
Is not alone the force of expansion, but primarily tho 
molecular directive force. A proof of this I believe I 
luive discovered In the peculiar behavior of the myelin 
forms of nmmonlum-olcatc and of p rots goo when cooled 
below --4 degrees. 

a mmon ran-oust* hvwuix. 

At ordinary temperatures the myelin liquid crystals 
of ammonlum-oleate Bre Jclly-Uko threads, easily bent, 
showing no elasticity, and no tendency to brrek even 
when bent double, 

If liqntd crystalline ammonia Is placed under n large 
watch crystal shaped rarer glass and ordinary am¬ 
monia nllow to flow around and over the preparation, 
a ml the prepn ration set over night In n cool plan*, then 
such my el I u farms as shown In Fig. 1 will he obtained. 
Now place three in a temperature of uliout —0 degrees 
owl they will take on the xig-sag shapes of Fig. 2. We 
conclude that In the softer forms (Fig. 1) the molecule* 
adjacent to uno another la the direction of the long axis 
of a cylindrical surface form very blunt angle" with 
one another; and that the straightening of the cylinder* 
In the stable mod mention at the lower temperatnre Is 
to be explained by the combination of tho ptste-Uke 
m ol e cu les fate eonpltatofi motewta, Which to turn are 


flat plates. The work done Is a process of direct tram- 
formation of chemtral into mechanical energy. 
protaoos, runnoent, aud kebahiit. 

I*rotagon liehaves practically like ammonium-oleate 
hydrate, rhrennelns can he obtained In thin phtte-llke 
crystals. The liquid crystals obtained on heating three 
with wnter take the shape of cylindrical myelin crys¬ 
tals, resembling ray-Ilke projections, and three on cool¬ 
ing suddenly, shrink suddenly to half their length. 

If metholyn bine Is added to the water In which 
phrenreln crystals are allowed to swell, so that the 
water Is only tinged, the crystal become* Intensely blue 



Flf.2. 


(probably through chemical combination). When on 
cooling the smldeii shrinking ulsite mentioned takre 
plnce the blue clinngcH to red violet. 

Kerasln ui-ts much like phrcnmln, ciiwmiliig and 
contracting in the some way. 

Tin* myelin forms of protagoo often lie one within 
niiotb-r like the layers of all onion; forms <qs*n on one 
ship drawrlng In, mid pjcctlng smaller forms on Bolldlfy- 
Ing and melting. Tliey remind ono of protoplumlc 
slriiclurcH. Form and structure are, however, main¬ 
tained purely by coheslou and molecular dlm-tlvo force, 
and not by an liicliMlng membrane. 

A Dog-Proof Fence 

Tiik Heisirtineiit of Agrlrtilliire In a recent Issue of 
IIh ''Weekly News ladler” tells farmers how to build u 
ilog-pnsif fence that will safely protect sheep from I In* 
ravages of these animals. The posts shonld he 7(4 feet 
long, set 214 feet into thr ground, and spaced lfl feet 
apart. Along the surface of the ground stretch a Iwrbed 
wire, this to discourage any attempts to crawl or Imr- 
row under At three Inches from the gronnd stretch 
30-Inch woven wire fencing having a 4-toch triangular 
incMh. Alsive tbls woven fencing, mid at Intervals, re- 
s|H<etlvely, of 5, 0. anil 7 Inches three strands of Imrbcd 
wire ore stretched, making the totnl height of the fence 
37 Inches. Tills feuec Is very duralilp and Inexpensive 
to liullfl. and It Is stated that It will keep out any dog. 

Forest Fire Prevention 

Tub prevention of serious damage from forest tires 
depends largply on prompt Information and quick work 
In cheeking and preventing the spreading of such fires; 
In some districts the official* of the Forest Hervlra of 
I he Department of Agriculture have enlisted I ho Interest 
of resIdenlH of their region with excellent results. A 
recent reisirt of this ilepartmPiit slates that In addition 
to his own Ore detection system, the supervisor of the 
Palisade notional forest, Idaho, wns notified of each Are 
liy from five to ten different local sadlters, who thus 
showed their co-operation lu working for Ore sup- 
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Recent Advances in Photography* 

Some Effects Produced on Sensitive Plates by Material Emanations 

By Henry Leffmann, MD.PhD, Member of the Institute 



lilt llllgllllll films < (lltllv ID IIKUrdM till IxMirilH 

iliilintlits mill In m un cams (lit ihun,.' ta in iuiiih 
i nl\ V cmiH[l( iiiiiih InxtniKi 1 1 (lit Intlir la In the iim 
ly lho T uinlhrt Com| any i f thi tuni* inlnonut anil 
iik fotpilnont In Ihiir t iinuln for color plite work 
IhL Informallon Hi huutl indkatlug Ihaf tho iiiihioh rtfor 
11 I hi mint NUlwtann s mid that thin la mtioly an lntl 
mate mixture of mttol nnd hy droqulut m 
l*r>bably thi moat Impoitmit at lenat tho moat sen 
dally exploited adieu-e In pneodiirt In tlila held la 
color iihotoftraphy It la turlmin to note that In the Unit 
edition of hla work on methodn of photograph* M Can v 
lea ataltd that in hla nplulou color Ihotnumphy wan 
lm|Nmallile and he gate hla reaHona for thia vita Not 
limit after he modified hla Mew In conscqutnce of thi 
naiilta of research to far ha lo admit Ihe possibility < f 
auth photograph* He would aurely bo Intt rented 111 
aome of the plates made to-dav bv tbt amoral pmceewH 
that are extend*tb etn|lo*ed and *et he eonld trnlv 
any that thi results obtained hr the I uralPre Hufay 
and l'awt platen are not n ally e dor photograph* but 
colored photograph* In whlib I hi hand of the artlnt turn 
been NiilMtltuted bv lngmloua milouallc processes 
One of the Intint apiilleanta for fa*or la thin line In 
the I age! plate Thla ntlllren h color sens u Involving 
the naim principle aa tho older milhodM that la an evtn 
dlMtrlbntion of Ihe thioo colon hot In the Paget plate 
thin acre* n la Un hi hallo nnd henee nw* he nned fir 
many platen Moron*or the reversion of Ihe image an 
f illowid h* thr older method* la milmlllntid hy ualng 
thi |ilat< an a iHgallw and attnihlng a * lining aeroen 
to a pradll\i mailt 111 Iht usiinl mnnntr Ingit aereena 
art much nion linnaparenl thau ImnlPrc sunns and 
Iicua more nnllafmlor* fir lantirn dimonxtrstlon on 
Ihe othei hnnd thtv are mmh con rati and a conakler 
able mngnlfknll n na whin a allde Ik injected on large 
i glint ahma thi liulbldual c il lx mid dealio*a the 
lllualm I hi 11 till dial |( II e nil life Ingit lantern 
alldi I* allghtl* lilgln r Ilian Hint of a Tumlhii hat If 
tin opirator hna n e Hixlilerahli pi i|mrtlon of falluna 
Pawl mithoda are more economical In aUea of the 


Negative produced by Eastman fiaahahect 


liirtl*lilniil I hr mafia the 1 aget wreens agree eioaely 
with thorn of thi lhifn* mid Thames plates (the latter 
Js now out of the market) 

It I* well known to worklna photographers that the 
T umlArt process employs the principle of rerecston of 
Image as the tiwnaiareocy obtained by fixing after first 
• Abstnet of marks mid* it tbs meeting of tbTfitcioo'of 
I hotogrsphy sad Microscopy of the truUll laetltate tad 
pnhUshed la the J» srsst el the fiodsty 


ilevi loptaent shows all colors complementary Working 
a Itb the color plates suggested to me to trv some of the 
ii verse 1 processes with ordinary platw that la to ob 
lain positives by one expos toe In the early days of 
negative making the so called wet plates the possibility 
of direct positives win lu*entigated and several methods 
wire devised These utn he applied to the ordinary dry 
ptales with much success and although suih procedures 
Hit of no great practical *nlue or wide application tbiy 
uffi rd mi Interesting fl^Jd for experiment by amateurs 

My experience has been principally with Ihe following 
mi Ihod 

fPaid pxiwuure and good development aa {then Ihe 
lieu Injur Is washed off and the plate ntood coaled sldi 
utwanl In a developing dish of black material (oi tin 
I dale Is bulked by black jwppr) and several Indies of 
ninguislum ribbon are burned a fiw Iik bon from It iht 
slim dr posit acts as a negative and the nncbangid all 
me mp muds are light struck Tho plate la then lw 
un reed lu a solution of intasslum dtchromate mid 
KUlphuilc add suih as Is used In reversing LuralPn 
i lot plates until the Image has practically disappeared 
llu plati la unshed for a mluule or so Immersed for s 
few minutes lu a 0 per cent solution of sodium sulphite 
mid then rcturnid to the developer The second develop 
in cut glies of course a positive which Is then fixed and 
** united ns usual Theoretically no fixing la needed 
lint In pmrtlci it la best to put the plati through the 
regular hvpo solution The second deielopment will 
usually bi ralber slow It must also be bone in mind 
that platis well wetted by developer are much less son 
sttl*e to light thau plates In the drv condition hence 


Relative opacity of common writing material* to 
rays from luminous patat 

If the first do* olopment has gl*en a dense picture a 
good lingth of magneslnm ribbon should he burned 
within a few Inches of the plate Care must be taken 
nut to link at the flame and to hold the ribbon with a 
I air of tonga ill opcietlona are conducted in the dark 
room The process will be found useful for making 
sllilis In an emergency 

Imnng the striking discoveries In relation to light or 
It will he more precise to say radiant energy is Uli 
ixlsliine of rays and material emanations which are 
Imlslble to the unassisted human e*e hut affect oidl 
tuny photographic films and many other substances 
nnd In some caaea past freely through objects opaque 
to ordinary light 

1 non such phenomena as the X rsvi i ms nations 
from rertlo-actl*o substances ultra*Inlet nnd Infrared 
light 1 need not dwell here as imply discussion of these 
Is lo la found In recent literature I want however to 
call attention to a Iran exploited field although e*en lu 
this the basic procedures are not very recent I refer 
u what has been called ‘picture-making In the dark 
liuismuch as the etymology of the word photograph* 
preyents us from applying It to anv iiroceases but thaw 
In which light lakes part I need not stop to give any 
ilaborate history of the Investigation* An early con 
trilraflon was that bv W 3 Huosrll before the Royal 
'todetx (Srtcwre 1900 11 497) who tried many sub 
stances and obtained curious results from some of them 
M I Wilbert (Journal AtwwAM* JtutUntr 1900 cl 388) 
repeated some of Russell s experiments with success Id 
reviewing these papers bowavsr, It seemed to ma that 
In many cases tbs Imprest! w oo the photographic plate 
might be dot to p ram or mere physical contact 
rather than an emanation tangible or Intanglhla. I wish 
to aav franktv that I have failed to obtain *—sy 0 t the 
results reported by Runes!) and WTHssrt even though 
following their methoda on doaety aa the draertptima 
available enable. la the later aariei at apart—ta I 


adqited the plan of lntenssdng thin paper usually tha 
ordinal} lantern mat between the object and the sensl 
tl*e pinto thus preventing actual contact Thin method 
materially retard* the notion 
It hna seemed to ms that Ihe procedure* that I Intend 
to summarise briefly may he called skotography (from 
(ireok tlofew darkness) One of the most active sko- 
logiaphtc surfaces 1k obtained by snatching or polish 
lug inmmtin sine battery plati * Thin sine sheets do 
not set m to be so active nor does rand papering the 
sine plutca yield very bond result* If one scratches on 


lungs ten filament Ordinary plate Positive 
(reversal) 

a htruisbid mid corroded glue plate a design by means 
of h slurp steel tool and ibou lsjs a dry plalo (I used 
i nlliiHij Inutein plntes) upon tills with a thin paper 
Istwnn with some perforation or a cutout design and 
allows this combluutlon lo rtraaln In the dark for n 
couple of days a distinct lmpix-mlon will be made on 
tho seasltiic plate that can be brought out by ordinary 
dtyeliipmtnt Oftou the metal la active enough to pro¬ 
duct h marked oflect In a ft w hoars Ruracil exp r ess e d 
till opinion that emanations of minute amountn of 
bidiogi n dioxide produce the iffects and that the dlox 
ldt Is in somo way formed by the fresh surface of 
metal but I hate uot yet obtained any Information to 
uuibli mi to foim nn opinion aa to the causa Mag 
iKslurn nnd nine seem to be specially activej thin sheet 
Iron did nut produce any effect Aluminium has mod 
note aitlilly I obtained a strong effect with the eo- 
cnllid flash sheets manufactured by the Kastman 
Kodak < nmpatiy Bibulous papor impregnated with old 
oil if turpentine gave no appreciable effect bat lmpreg 
listed with commercial solution of hydrogen dioxide 
nnd nllovred to gtl nearly dry before testing gave a 
Iivbli picture 

sunn experiments have been made on the photo- 
1, rnphfa and other propel tie* of commercial luminous 
I stint This set ma to lx composed largely of calcium 
sulphide In n flxid oil I have used It ou glara platen 
and ban fouml thi most ctmuiilint wh) to get an even 
inatlug Is to dilute the material with gasoline and pour 


Taagstaa filaraewt. “Hydra* plats. Ptritivs (no 
rargraal) 


the mixture aa was the eastom with the edUodton Mad 
in tira old vmt plate process. When dry the paint farms 
a somewhat granular slightly cream-colored film, which 
will emit fcr seme time a soft, Uriah light altar a ft* 
aeMods 1 exposure to aay ordinary aowroa of tight; hat 
the meri ra ttsf a ri ory reantta are orialatd ftamsrirHfih* 
and an tight Ihcan fl iaem t riaetrig lights, am pwrar- 
fal tug— Ihh ara ao—rhot dew *a M— 

May tri i rerilft atymtmm t M rity btp wlm il wfitt 
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“Suction” Between Passing Ships—II* 

Important But Little Understood Forces Affecting the Motion of Vessels 


By Sidney A Reeve, M E 


( ontinuc <1 from S( iBNTinc American Supplement No J 


I, Page 32, January 0, 1015 


Thk firm in wlm h tho streamline ship derived 
niathemalunilv fn>m mime* and sinks wan left by 
Mr ration* laid addition to tU thoorv was still un- 
wilmfa* l<irv for thi analysis of am turn Ixtwun aitual 
aliipn Iib outline was ivnrvwhtro ounvex St* m and 
gUmi wen lailb rounded there waa no hollow i ntranoo 
or nin and tho middle body waa not parallil While 
am h n alnp fonn might do for tlio atudy of lh« general 
pnn* i|ih a (whu h indneil iould bo w< 11 undi ratood with 
out any stnainlim unalyau) jit for any oatimato of 
q inhl 111 r oaponta of the problem a latter ship-form 
moot la hail The mognilud* ami i xm< t form of the 
(i natrainid wave aooompanving a typieal atcamahip 

■ ontd la hod only by mathematnat deductions which 
wore luuu d ii|»on a tvpieal ship modtl having a long parel- 
l< I middle body hollow i ntrance and run and aliarp prow 
and at* rn 

To tho writ* r it appeared UIcily that Tayhir a mathod 
might U made to yield them reaulta provided a auitable 
fen* lion of aounoa and sinks could la found to form the 
promim a llus oould ho dotornumd only by the cut- 
and try liuthod which aa each try mvolvca tedious 
repetition of simple computations pnivid to 1m labors 
loua However the mnatoenth function tried gave a 
fairly satisfactory modal as may lie iin n from Fig 7 
tho ship form m wbiah M ajtnaUu matical stream line 
and not an assumed form and upon that model all the 
curves and < on tours presented hire arc baaed * 

Taylors method was modilhd slightly in irdor to 
facilitate the wurk of investigating many different 
premises by taking a largt nmnlier of points and relying 
upon average* rath* r than integrating a separate ■ urve 
for each ono of tho thousamU of points investigated 
jet oven with this the nn thod is laborious Tho ship a 
hngth was divided into twenty parts and in ten ns of 
them longitudinal units and for each one-flfth the beam 
i xK ndiog laterally the stream Lines were computed over 
a ma-surfan extending nearly a ships length forward 
of tho stem and nearly two ships lengths abeam In 
this work only ont quadrant from tho i ourae ahead to 
cither beam need be ooraputod booauae the mathemati¬ 
cal treatnunt makes the four quadrants symmetrical 
Itut in a< tuality the viscosity of the water and tho 
i nergy lost in wave-making make the constrained wave 
astern smaller than that ahead 

This plan would apparently give over two thousand 
obs* rvationa in each quadrant but in the regions far- 
1 licet from tho ship many points were omitted the 
contours there being of loss curvature Taylors in 
tcrmodiate curve was plotted on a sheet 4 feet square 
the largest prartic able in this ease and Anal values of 
stream lino widths wire oomputed to four decimal places 
(prec ode d lit a c haractonitie) with intermediate oom 
putations earned to flvt or six places Students re¬ 
peating this work will do well to plan for greater accuracy 
than this for whatever scale is adopted at the start 
must Ik adlu rdti throughout the work The stream¬ 
line s were all drawn aa accurately as possible, but tha 
cimpuiocl value s were charted thereon and formed the 
«ih basis for deduction no values being taken off 
graphi ully exeept in tho use of the Intermediate 

■ urve wlu re proe autinns were taken to have the grapht- 
ol work sulfieienlly seeurato 

tig 7 gives tho results for a single ship The model 
has a beam ono-e ighth its length, with a parallel middle- 
Isidy of half iu le ogth sharp stem and stern, and slightly 
hollowed onlraui e and ntn The draught was takan as 
four lentlis the lieani The curves an true tor a rela¬ 
tion of speed to length inchoated by any of the following 
proportions front whu h other lengths or speeds can be 
inte riMilali d but the numerical seals of devotions wiD 
vary with the square of the speed, that noted ra Fig 7 
being true only for an bOO-foot ship gmng at 20 knots 
Length ft 200 3U0 400 000 QfiO 800 1000 

Spood knots 10 12 311 14 14 15 83 18 08 20 23 37 

Tho curves of Fig 7 are levsl eon tour Urns For 
readers not familiar with the preceding article. It may 
be repeated that these contours show not actual ateva* 
nous or depressions of the sea, bnt surpluses and defkdts 

• Btwtats should In csattcasd that all wrttan os this 
jtrtamllM topic raaplala of tbs taker sod tsdlsa of cess 
pntsttua Tha writs, apprsdatad Ibis only altar bs bad be- 
terns Iu solved lbs procMsss an stapta sad tsyeas U mm 
eeaod of t corps ot ebrks ceeld sadly esrey tbs Tty tar asthsd 


of sea-preMure in an imaginary sea having just the depth 
of the ship and oonflued by a thin sheet of rigid lee on 
its surf sol These are assumptions necessary for prac¬ 
ticable mathematical treatment but it Is obvious that 
while the vertical release of the water under actual 
conditions would vary these curves somewhat yet their 
relative diaposition cannot be far from those shown 

Through the ooutic of the ships displacement are 
drawn the 45 degree lines which would be its mean sea- 
level contour if its displacement wore reduced to a single 
point Asymptotic to these lines are the approximately 
hyperbolic mean sea-level contours doe to the elongated 
form of the ship These hyperbolas extend indefinitely 
away from the ship, but ail the other oontour-Unes are 
c loeed curves or would be if the diagram were sufficiently 
extended 

Between the limbs of each hyperbola ahead and astern 
of the ship rises an oblique eons of water at stem 
and stern, reaching an altitude of 8 feet above mean 
sea-level This altitude it is to be remembered, is 
srdunw of the bow waves or stern waves It is rela¬ 
tively to this uumeal surface that these waves nuae tbar 
crests and depress their troughs While the peak of 
this constrain! d wavo is sharp its base is very brood 
At a distance of half a length ahead of the stem the sea 
is elevated 3 inches over an area extending more than 
a length athwart the oourse But on either beam the 
depression of the sea is still more marked in extent 
For flvo-eighlhs of a length out away from either rail the 
sea is a foot nr more below normal level while the 3- 
moh depression extends out to a distance probably of 
several lengths not measurable on the diagram It Is 
this wider area of depression than of elevation which 
probably has given the name sucUoo rather than 

repulsion,’ to the phenomenon It is noticeable that 

<m either bow or quarter whore occurs a pocket reaching 
a depth of 9 feet From this point the water lino rises 
to lees than 5 feet be low normal sinks again to more than 
T feet where the e urvature of the bow alters to the straight 
lines of the middle body finally rising to less than 4 feet 
at mid length The peculiar form of the 4-foot curve 
lid to its being cheeked by a fresh computation for that 
district upon a larger scale, but the result only confirmed 
tho earlier curve, strengthening the writer s oonfldenoe 
in the virtual accuracy of the entire diagram 

lhe symmetry of these constrained waves as between 
bow and stem depends not merely upon the assump¬ 
tion of perfoct fluidity in the sea-water, but upon level- 
news of sea-bottom Should the ground beneath the ship 
be rising thu oonetrained wave will be in process of 
formation to the magnitude shown, from tha smaller 
constrained wave of deep water, and this formation must 
take place first at the bow This explains how it is 
that a high-speed boat sueh as a destroyer will feel a 
bank many feet beneath its bottom, so forcibly as to 
fetch the crew up against rails or bu lkhe a d s As the 
bow pauses over the hank this cone of water must form 
ahead while the stum has yet no corresponding oone 

There contours also explain bow it u that a ship s 
real stance is so markedly increased in shoal water It 
also explains how a high-speed heat seems to settle in 
tbs water One ease ta reported where a paddle-steamer 
foiled to oom* to speed on her trial trip, it being found 
finally that bar paddles had not bean located with a view 
to this depression of the water on either beam so that 
before she attained full speed tha floats lost thssr full 
eontaot with the water In all ships of appreeiahk 
speed having a painted water-line the nneovcrmg of the 
underbody t hro ugho u t the greater portion of her length 
by the trough ot the eou st ral n ed wave Is plainly visible 
The hewpiag of the water about bar stem is more or lore 
obscured by tha bow-waves, but at the stem although 
the i t e tn-«a rt Is smalUr than the bow-crest, the re- 
gathering of the water under the counter is usually 
plainly to be sere Tha Importance of a fins run (hr 
taking adv a n ta ge of this phsoe n nan o n h apparent when 
it fa noted that in the modal of Fig 7 the amount of 
energy oorotantty Mb* stored la the vmrnkm I wata- 
fa some 40,000 horse pawn Tha bulk of this power fa 
being as ooostaatiy rega in e d at tha stern, but brnoo* 
ot the vfaoodty of the we tar, not h0 of toe eaUrmofis 
supply oobms back It fa the 8@» of tha ship’* rw to 
regain as nook of it os pootibta. 


surface in the neighborhood of two ships moving on 
parallel oourses, and erwiapping, which fa tfce standard 
position for the devstopnanl of aaetim tf* as, is Im¬ 
possible of exaet matbsmatioal solution, so far M the 
writer is aware even with the aid of the hnsgfa—y ahsat 
of tee and the restnetion of tbs water to motion in hori- 
rontal directions But the stream-bus method offers 
at least two ways of security approximations to the troth 
which are near enough to shed vary mueh more light up¬ 
on the situation than fa availabU In our pr esent state 
of knowledge 

The first method oonsfat* in taking two sets of stream¬ 
lines identical with Fig 7, overtopping them hi the 
reUttonship between the two vessels which u to be 
investigated and then adding them 

The remit of sueh a procedure fa shown in Fig 8, 
whioh is derived from two ships like Fig 7, placed on 
parallel courses a half-length apart, with on# ship lapping 
a quarter-length over the other The resultant stream¬ 
lines and sea-oontours are quite aoeurate, but they 
have now lost their practical value as being founded 
upon ship-models fairly typical of attual ships For 
the models scoured by this mathematical method are 
themselves fluid (until we imagine them momentarily 
solidified) and therefore each ship-mods! has now ha- 
oo me warped narrowed, and distorted by ths influence 
of the sou reus and sinks forming its neighbor The 
beam hat been reduced about one-half, the axis of the 
model Is no longer straight nor oo-modent with the in¬ 
tended course, while the general beading of eaoh model 
has been sheered away from its neighbor 

All of these features tend to imn i tni a o the mutual 
hydraulic recw toon due to the solidity, in actual practice, 
of the neighboring hulls which is called ’auction" 
Nevertheless Fig 8 shows plainly, in comparison with 
Fig 7 the general directions in which the seo-oontoun 
about eaoh ship are modified by the presence of the other 
First, following out the 45-degroe lines from the canter 
of displacement C oommon to the two ships, it is evident 
that the eras at superpreasure included m the hyper¬ 
bola ahead of tho leading ship must be unsymmatncally 
placed All the curves depicting the oone of superpres- 


Her head is being steadily pushed to |0I more than Is 
visible in the small scale reproduction of the curves 

But it is also true, as could not be predicted from tha 
general disposition of the 45-degroe line*, that the head 
of the following ship is also being pushed to port by a 
oone of roperpressoro ahead, which bears much more 
obliquely than in the ease of the leading ship It fa 
the pressure of this oone of water Into one side of whioh 
the following ship u always heading, wbleh crowds her 
over towards the other s quarter It is the rapid ex- 
aggeration of this oone, both in altitude and obliquity, 
by the piling up of the water displaced by tha leading 
ship, as soon as the folk)wing ship yields at all to its 
insistent pressure, which explains the suddenness with 
wbleh suction ooUfauma oocur, sad tbs oumplete ua- 
manageability of the following vessel aa soon as she I* 
permitted to head in the slightest degree towards the 
other 

It fa abo to be noted that fat Fig 8 the altitude of all 
rour cones of water has been exaggerated, both In ootn- 
partsoa with fig 7 and with each otiur, lor, altiM the 
beam of thq vessel* has been halved, tha aoma at Iff, 8 
should naturally be osdy 4 fas* high, and the same at 
aaah and of tha ship But in Fig 8 tha aonaa at tb* 
overlapping end* an aaariy 5 fast, aad at tha flfant 
and* watt over ft fact, is htigjht, or nearly a quar tar 
larger than proportional* to fig T At tha nan tin* 
tha largtir sou eopotaatly retted* tha prugitas at tin 
leading ship, whBe sastiWatfag that of the fettowmg 
veneL 

On* of tha aaftet hwtitiwn of hydnudfa fnfanotfati 
batwosn fodowlng ships {■’N**wg«ta*fa^P»vtdsne*,’’ 
tn HUP) witasared how ttts MxMatinwd t»tare way 
lead to theastsal towfag of a ikowar eoaacrt (or oaadA* 
srabfa dfataeess by tha taadfag aad oUgktiy faatsW of 
two vsssafa apon panBai aounsa in w sfa tH o d waters, 
parity by " notion ," Thta Is wkatle ssltad is Ag-rias 
» "dWttt tow. 1 * TM pbinnmnm) matt 


for serenimfe, 'Thsfewlrefcfc*. 

Onto tern to* m 

on** ferae, J0» Mfcfrfa MfatiKM 
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hi# skip le bring “plated up” oc aeeeleratod by the fester 
rirfp whleh has afanert passed Whan Urn ocean, at 
though ooBsricm Buy not ba Inevitable, it la a ago that 
Ida dbp la la unstable atesrage, and that the first ir- 
m o l ar i ty of sea-bottom, or projecting pur or even tlie 
approach erf eoata otherwise hamlets third veawl, may 
preetpttato a dlaaatar against which all hu skill and engine 
p as w r wfll ba unovatilag Bnt even a alight sheer away 
fro« the Other ship, taken lu tune wiUsuffioo toavirtit 

0** method by whleh Fig 8 might be developed into 
a sat ef eon tours or typical i hip-models would uinast 
hi atartint all over again from initial functions of 
aooroea and rink* which would bo arbitrarily selected 
npon ourvflmear exes (oonvex towards t a< h other) and 
of double strength, ao Judged that whin tin two seta 
of stream-hues were added the i (Toot would hi to straight¬ 
en eOt the hulls into normal shape on straight paralkl 
UK. But this method promisee an exagge ration of 
oven the labononsneas inherent in tot work reviewed 
thus far While its fruits would he matin main ally 
egast, and therefore worthy of full ooufldeiH i its penalty 
in the form of labor was too forbidding for thu writer » 
oommandof leisure and antanur suli slip waataktn 
around the diffioolu 

Thu consisted in going back to tho ingmal mt of 


Ing that the uncertainty applies to a minor fraction of a 
minor correction the form of the resultant contours 
depending i hiafly upon the particular localities in which 
* positive or negative correction is appended to a pre¬ 
vious positive or negative departure of stream line from 
parallelism rathw than upon the magnitude of the 
oorrootlon ltaolf it is believed that 1 lg 6 is worthy of 
orodeiRe as u(Ti nog tbo only approximation to the truth 
regarding following ships which has yet boon offirod 
from eien a somblancc of a mathematical basis 
The contrasts bctwion Fig 9 and Figs 7 and 8 are 
numerous and interesting In the first place whutas 
Fig 8 is inoviUblv Hvmmetncal from its mathemaU- 
eal origin m the sense that it make* no difference in 
which direction the two ships are moving in Fig 0 this 
is no longer true Owing to the different surplusage 
of waUr entrapped by the two stems whioh surplus 
must then travel throughout the length of the solid hull 
lwf ire again exerting its influence upon the water on tho 
other side of (bat hull the contours about one hull are 
appreciably different from those about tho other The 
oblique c me of water ahead of thi following ship is 
quite diffi rent both in magnitude and angb from that 
f illowing th< loading ship Thu excess of pressure from 
one quart* r over tho other which is the principal force 


membtring that the sharing of any ship depends upon 
the honiontal moment developed between tho rudder 
foroos at the stern and this center of lah ral resistance 
C (which is always will forward In tho dim turn of tho 
ship s motion) It again bcionus obvious why it is that 
it is usually toe following vew 1 winch is diverted from 
its course Until Fig 0 was developed tola explana¬ 
tion had to depend upon the fact that the following 
vessel was usually the smaller and weaker Now, how¬ 
ever it appears that the f in ea at work upon the after 
vessel are ao much larger than npon tho leading ship 
even when the ships are >f equal em and speed that the 
following vessel must nidi ho the one more lialle to 
diversion from her toune even when somewhat larger 
As to speed it u not evident just what different i it 
would make as to relative for <n Ihc tuition fonts 
are the mutual produi t of the tw > shqw acting eti 
operatively They arc the result of the aggregate rate 
of displacement by the tw i Vistula a that any m hum 
cm the part of cither ship must result m th evrlu n of 
increased divortivo fumes upon Into 
Fig 10 should make it plum why it is that a uwl 
in the grip of suction fore uu pav» no ntte niton to a hard 
over helm Making every allowam« f ir the t xagkeratul 
vertical scale tho length of afti r h sly far from tlu 11 nU r 



big • Figs 10 and 11 


stream lines from whic h Fig 7 was developed and 
superposing them as for the preparation of Fig 8 but 
then regarding the two hulls a* remaining solid Thu 
method gives very <lowly tho volume of water en 
trapped by taih stem as it < leaves Its course which 
volume must find its way aft os best It may eouilrminod 
by solid hull and sea bottom and superficial ice The 
question then remaining is Aloiig what stream I me* 
does thu wah r distribute itself' 

This question cannot be answered mathematually 
but the guidon™ provided by thu composition of Fig 
8 permit* a fair mUmate to lio made a* to how the exae l 
abeam-lines would he influenced by the additional water 


anting to shier the ship iff her lourso n lunch great r 
in the following than in lhi hading ship wluh ix 
plain* again how it Is that it is usually the following ship 
which it, doflucted 

In general however Jig 0 whu h is nallv derives! 
by a quite different ami independent line of n owning 
from Fig 8 imTuboraUs that diagram Tin bailing 
■hip u set n to be nailing continuously up-hill against 
a rone of water at its stem whn b Is 3 fee t higher than that 
at its stern while tho following ship is Uluwise sailing 
down-hill all the time into a relative hollow of equal 
depth Thu is oausod by the leading ships shoulder¬ 
ing thu burden of cbsplai lng the watur for both of them 


•Strapped on each side of each hull by the solidity there¬ 
of The estimate thus applies merely to a minor >or 
notion of values already obtained with mathematical 
accuracy, and, although the form of the contours is 
iqgMaftiMMl considerably by tho method of oorreetiuu 
adopted, it is thought that the result is foiriv iu uraU 
It at least shows eoeroratily toe dire Uon in whn h hig 
8 would be modified if tho hulls wore solid snd tho 
amount of correction m this direction might easily bo 
awca than that shown in Fig D This diagram 1 would 
thaw f atr style a mathematical oonjocture 
The mathematical form of correction must bo one 
tnaOy applied to thousands of point* in repetition The 
OM moat readily suggesting itself In view of this requisite 
•ad Of the (sots become familiar during toe preceding 
work, was to assume that the iftrplu* or deficit of water 
Otfcappad by the item is distributed over the seecsurfaoe 
May bw the ship's ode in what amounts to a log- 
anthuta outre, approaching tero as the distance m- 
- nla tadgfadtrty That is to aav, it was assumed 
that t/ath of tho aurphu or deficit wee retained be- 
twaan the feat two stream-lisre, 1/nth of the remainder 
****** to# next two, snd so on The factor a was 
Drew 4 dUarent vslue arbitrarily, in toe light of toe 
mm$m ***. ft* each drift"** pomt of thu ships 

crltaHaAmay be dlrerted at too eheta 
uf Mfa nsMtakW imU df dwtotonUon, It w beyond 
wStfllStt* ttrettmmtaes for two solid hulls 
tft-'frha v v—^ of a distortion or correction 

***** TvrashmU by some 
imd to rii>tii«1 affect at the sbtpe ride. 


tho reaction from whleh displacement rises under tin 
Btorn of the following ship and aids her progress 

Iu Fig 9 the pairs of eoncs of watt r ahead and astern 
of the ship* re*pee tively are each nu rgesl into a single 
hyperbolic cone asymptotic to the 45-degree lines 
whereas In Fig 8 they were separate but this is because 
in Tig 9 the ships lap by Tuur-tcntha of a length whi rats 
m Fig 8 they lapped by only a quart* r length It is 
proliahlo that a slightly greater lap than four-tenths 
would exaggerate the mutual distortion of contours 
and the development of suction forces but toe labor of 
computing even a single relative position was so great 
as to be prohibitive of any comparative investigation 
of different ones In Fig 9 as in Fig 8 tho lateral 
distance between the two courses is a half-length but 
In Fig 9 toe beam of the ships reduces the minimum dis¬ 
tance between hulls to about 0 385 of a length In both 
diagrams the full line o ntonrs are those drawn through 
computed points while the broken hnes indie ato where 
the contour was interpolated by ultimate 

While Fig 9 gives toe beet foundation from which 
to estimate toe effect of venations from its particular 
arrangement of dimensions of hulls too result* of this 
particular arrangement sen best be seen in the form of 
profiles of toe water-hues of the two ships-assuming 
again that toe computed pressure* of Fig 9 might hi 
translated into actual elevations of water by the ri muvel 
of toe imaginary superficial sheet of ice without altering 
the values Such profiles are given In Fig 10 in which 
the vertical scale Is exaggerated five-fold for bettir 
visibility They are plotted direotly from Fig 9 
On eoeh profile u shown a conventional center of 
lateral pi insure C, taken at nno-flfto the ship s length 
from the stem Comparing toe two profilea, and ro¬ 


of lat* nil nswlun i wl I h is txpoMil to a lical or 
m viral fnt >r wot r pr Minn a ling latirsllv in iver 
whilnunglv largir than nnv lateral forte in uginal li 
to lo dovolipitl l\ »r n a rudd r It is utterly nn 
prattle all l > build I manual ships so os to di fv su ti in 
for is r hi m fir scan ulv I o nv iided in<l that iuly 
bv f insight 

But til mist imp rtmt qmsU n of ell Why do 
not * n ti in e>U ms h ipp n frt q ii ntly anil why do 
thiv happen uni in teellv m siluatimi apparently in- 
iiiunlind frequently l [in in safety! remains to bi 
answered I ho answer involvis toe third wall of the 
Vmtiin passage-wav 1stwun the 1 wo slops namely 
tin sia-boltom or tin souu equivalent outlying factor 
not yet brought into tho discussion 

Figs 9 and 10 are leased upon a degree of propinquity 
which is seldom reproduced m actual navigation evin 
dtun ^lulling our mathimati al assumptions erf luiogi 
nary m i tc That is 11 say ships seldom move at full 
spud on parallel lourscs within half or thud a length 
of eaeli oilier m water barelv sufficient to float them 
The explanation of wbv sui tion collisions do not occur 
is that even a moderate deepening of tot water Is low 
th ir draught rapidly moderates the forces at w irk 
so that by tlu time the water is deep enough to permit 
full speed it is deep e nougb to moke fairly i lost iivi r 
lapping courtsg safe The ixploiialum why sum in 
ioilmens d > is ur wbi n the v do is usually the foe t that 
a moderate rontnhuliun of solidity to thi "lup s environ 
mont by sea-bottom or by a third vessel or on aecen 
tnation by i vtn a slight convergence erf courses is com 
patent to exagge rate bock into eontrol them fore e* w hie li 
the previous depth of water had rendtred innocuous 

For deep water while reducing the intensity of the 
constrained wnvi mmspoiuiinglv in reams its v >1 line 
or extent and it also permits increased speed vn thi 
part of thi ship It is when thi ship passes sudili i Iv 
fr»m deep to shallow (or otherwise U mi tod) watir that 
trouble arises This gnat volume of constraintd wave 
moving at a spcod above that attainable by tin ship in 
umrotmlv shallow watir piles up into a degree of in 
tinxity which it could never assumi in umformlv shall iw 
water If it begets disaster It does so by su 1 li lilt 
roleaging an enormous neeuinulation of energv whi li 
toe ship has been coming with her in additi in lo that 
currently at work 

A gUnee at Fig 9 will show bow rapidly all liw eon- 
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dltiona creating Motion will be exaggerated by any 
angular awing of the following ahip toward the leading 
one. The two pockets, 11 feet deep, on her port bow 
and starboard quarter arc there tiecauso a surplus of 
watar la trying to get to ita ultimate destination, which 
is off her port quarter, ae rapidly as possible. To give 
It the neooaaary horizontal acceleration a drop in head 
must oonur. But how much more will this region off 
her port quarter lack ill supply of water if the bow swings 
toward tho leading ship, cutting off the ohannel between 
them, while the stem swings out, lengthening that route 
for the water? 

But what moat commonly happens Is that while the 
courses remain parallel the shi|is run over a hump in 
the sea bottom, or they pass a pier-hood or bank, which, 
when opposite the trailing ship’s starboard quarter, re¬ 
duces tho pathway for water, and therefore deepens the 
pockot on that portion of Hie hull - the former liemg the 
more common cause of disaster. Hitch a combination 
of eireuinstanees will Instantly exaggerate into itneon- 
trollabillty suction forces whleh previously -perhaps 
during a considerable period of overlapping -had (iniven 
harmless. It nuty hi that the vague fear of suetton, 
so orten mentioned by pilots os felt when steering «ueh 
following courses, had hsut stilled liy such preceding 
periisl of seeunty, only for the relaxation nr alertness 
just at the time when the alteration in the depth of water 
created the real danger. Too many suction t-olUslnns 
ooeiir just whore the water shoals slightly to pormil 
disregard of this factor, although it is impossible to 
bring it into any mathiunatmal discussion Nor are the 
data of actual disasters sufficiently accurate so that the 
shoal nan often be located exactly, in relation to the 
ships, when action occurred. Hut it is Seldom that un¬ 
questionable suction ueciire when only the two ships 
am present, surrounded by open water. 

A similar contributing factor in many of tile minor 
noons occurring in Amnrican inland waters is a thirst 
vessel. Fig. 11 shows how such a onmhinattnn may 
produce disaster. A and II are ships moving m the 
same direction on parallel courses anil overlapping. 
<7 is a third ship upon another parallel course. If <! 
Iw moving in the same direction us .4 and It, H is plainly 
(from Fig. 9) stenriug in very tmstablu equilibrium, 
salllug steadily iliiwn-liiH into the pocket created hy the 
displacement of A and ('. The slightest swerve of fl’» 
bead towards A, as at H\ will not only starve the Q 
region of water nooded at H, as would be true if C were 
not present, but will trap an over-supply of water be¬ 
tween IP and C, exaggerating the pocket at 0 and create 
ing an additional one at T. H't head will lie crowded 
towards A and her stern and middle body drawn towards 
C with irresistible forces, wiiielt grow stronger with every 
additional degree of swing. 

Not only are there several inslanei>s where this situa¬ 
tion has loti to disaster after two of the three shi|ie (say 
A and H) had sailed closely but safely for some time, 
but tbore aro a Tew eases where the only plausible ex¬ 
planation of an otherwise inexplicable slii'cr of H into 
A was that C bad exerted ibis same effect, even ultbough 
passing in the opposite direction. Tliesi' are all in the 
restricted channels eonnis-ting the (Ireat ljukes, used by 
boats of heavy tonnage; hut the speed was correspond¬ 
ingly low, a cireuiiietaniHi minimising tho danger of 
suction. 

Only two attempts have lieeu mode, to tho writer's 
knowledge, at the experimental dutermination of suction 
forct-s. One was tlie Taylor experiments witli models 
ill llto Washington to wing-tank already mentioned 
These otiHcrvations eonflnmHi lu every way the hydraulic 
theory already presented. They were limiuid m their 
ediieationul value, however, hy the fact that tho models 
wore fixed relatively to each other, thus preventing any 
knowledge at to how rapidly llieso fon-es are enitaneisl 
liy tlie natural swing of the vuesuls towards each other. 
Any determination of this acceleration will, of course, be 
very difficult; but since it is quite impossible by math¬ 
ematical analysis, and is virtually impracticable even 
with models (because the prime question Is whether such 
notion occurs more or less rapidly, in full-size ships, than 
tlie human organism can act), it is unfortunate that 
tlie ideal ships of the British or United States navies 
cannot be utilized for this puriwsc. When suction was 
tlie thing anticipated and under measurement, it would 
be easy to moke tlie ox|>erimout safe. 

The other known sot of experiments was mode with 
actual vessels, if small ones, by Prof. A. H. Gibson and 
Mr. J. H. Thompson (reported in Nnginrmng, Septem¬ 
ber 27, 1912). These ex|ierimimU also corroborated 
hydraulic theory in every respect. Their chief drawback 
was tlie inequality in length between the two boats, as 
well as their small size. One, a steam yacht, used as tho 
leadlug vessel, was virtually three times the length of 
tha other, a motor boat. From Fig. V it will be obvious 
that It is important that the two ships Im at least similar 
in length. In one prominent suction collision, however- 
tbo "liruokUm"-“Hartt"—tho leading boat was much 
laiger than the attracted boat; and in this instance, too, 
arena a baaattful ammpls of interaction between tha eon- 


strained ware of the smaller boat and the echelon wave 
of the larger (the two wavea being of similar length) as 
the contributing cause whleh converted an otherwise 
safe situation Into a disastrous one. This collision is 
further the more remarkable in that it occurred in com¬ 
paratively deep water, outside Handy Hook, between 
vessels of comparatively light draught. 

There will be given a brief description of a few of the 
more prominent or illustrative suction collisions. Any¬ 
one who has studied the entire list of such recorded dis¬ 
asters will be imp reseed with the clear way in whleh all 
but a very few are explicable as natural, if not inevitable, 
phenomena, so soon as the foregoing hydraullo theory 1* 
applied. But ho will also be im p r e s se d with the variety 
of combinations of oiroumstanees which may arise to 

and thus to record themselves in civil suits at law. These 
combinations are loo many to be always romemlierod, 
nor can the list of possible ones be already exhausted 
Wo have not yet finished with suction disssters. White 
channels are continually being deepened, longer, deeper, 
and more powerful hulls aro appearing at an even higher 
rate of progress. 

For these reasons the subject cannot lie dismissed 
without at least a word as to the possibility of prevent¬ 
ing future suction collisions. The general education 
of pilots is one obvious measure or relief, and it is to Hint 
end that tlie present article is primarily aimed. But 
another more formal and reliable preventive is feasible, 
in the writer's belief, and this is an amendment to our 
international navigation laws covering tho ease of over¬ 
taking vessels. The suggested amendment (which is 
offered tentatively, by one who is not a certificated navi¬ 
gator) should read to this effect; 

That whon an overtaking vessel asks for and receives 
from the leading vessel permission to pass, by the ex¬ 
change of the usual signals, the acquiescence of the 
loading vessel shall enforee upon both vessels the slowing 
of their engine*, those of tho following vessel lieing n>- 
duewl to "hAir speed,” and those of the leading viusel 
to “slow,” whleh condition Is to lie maintained until the 
overtaking vessel's stem has passed clear of the overtaken 
vessel’s Isiw. In restricted waters surli a procedure is 
the only safe alternative to the overtaking vessel remain¬ 
ing astern until wider sea-room has been reached. 

(To be concluded.) 

(tiarrtBponlittm 

IT hr editor* arr no l responsible /or statnnmt* made 
in the varrctpoudence column. Anonymous communi¬ 
cation* cannot be considered, but the Home* of eorre- 
spo ndent* trill be trithkrld when to desired.] 

The Inductance of a Coil 

To the Editor of the HttKNTinc Amekican Supplement: 

In the Scientivic Amkbioan Supplement of October 
10, 1914, appeared an article by Kenneth Richardson, 
in which was given a formula for the calculation of tho 
self-inductance of a coll. 

I wish to call attention to tho fact that the formula 
as given is, in general, inapplicable, and of no praolioal 
use for the purpose stated in the artiele. It is ''exact" 


t case — - a certain value, where 


diameter, and *T’ is the length of the coil. The qua 
lily “101 A" has a different value for every change 

y. Using A'for “101..V the formula may be writtc 


Dm Diameter 
T- Radius 
Nm Total turns 
I “ Length 

Calculating the inductance of the ahove eoit hy Nag- 
aska’s formula we get: 13,277.6964+ oretimeters, or 
13,2776864 micro-henries. This value is extremely ac¬ 


curate. as shoe king with tho absolute formula of Lorens, 
the difference is only 04)67+ of one centimeter. 

Calculating the iclf-lnduotanoe of the same coil by 
the formula: L - ««* M - 084 mlero-ban- 

ries, ae the approximate sdMnductanoe. 

From the foregoing it is evident that tha error far a 

ooil in whioh j ■» 2 is approximately 95 per cent. 


in the case of the ooil whioh we considered where- — 2. 

In the above case the solf-inductaoce is the current 
sheet value and require* a oorrectioo, depending upon 
the sixe of wire used, for tho true low frequency induct¬ 
ance. ir we use No. 4 B. and B. wire, the self-lndnct- 
ance will be 1.0546062 micro-henries greater, approxi¬ 
mately. The low frequency inductance then is: 14.342+ 
micro-henries. Knowing the suU-indnotanoe exactly, 
the method of obtaining the dielectric constant as da- 
scribed by Mr. Rlohardson is simple and should be 
suitable for amateurs. But the solf-lnduetanoo cannot 
be calculated wltn the required accuracy by the formula 
given, excepting, as bofore stated, in the oase of a coll 
of certain dimensions. 

J. E. Fxednicks, 
El. I. C. Radio, V. 8. N. 

We wish to cull attention to the fact that we are In a 
jsislliou to render competent services tu every branch 
of patent or trade-mark work. Our staff is composed 
of mechanical, electrical and chemical experts, thor¬ 
oughly trained to prepare end prosecute all patent ap¬ 
plications, Irrespective of the complex nature of the 
subject matter Involved, or of the specialised, tech*tail, 
nr M-lmitWc knowledge required therefor. 

We Also have associates throughout the world, who 
iiKSlst In the prneecutlon of patent and trado-mnrk «p- 
pllcntlons tiled In all countries foreign to the United 
Himes. 

Munir A Co., 

Patent BoUcUor*. 

301 H roadway, 

New York, N. Y. 
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/. - Inductance in eentlrncleiw. 

N - Total turns. 

T - Radius, centiuieters. 

I m Length. p 

Km A constant, depending in value upon — 

Tho calculation of the constant K is a king and dif- 
Hcull matter and beyond the ability of the average 
amateur radio experimenter. likewise, the calculation 
of the solf-inductanoe of short solenoids is by no means 
simple when accurate results aro required. 

To Illustrate hy an example the error if one uses tha 
formula given hy Mr. Richardson: 1 shall take a noil 
which would be suitable (or use as tho primary of an 
oscillation transformer for amateurs. Dimensions of 


Mum ft C o., Inc., 361 Broadway, New York 

The purpose of the Supplement is to publish 
the more important announcements of distin¬ 
guished technologists, to digest significant arli 
ties that appear in European publications, and 
altogether to reflect the most advanced thought 
in science and industry throughout the world. 
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Malaria and the Transmission of Diseases 

Radical Improvements Needed in Public Health Methods 


It In cartons that though the trniuimiisloii of disease 
In a urn tier of Hitch vuhI lui]iort to every one of us, It 
haw received mo little liivcrilgntlnn In the Dent Even np 
to the lulilille of I ant century our inquiries had led us 
little further than wlwt 1 eall (lie Huhscieuee of the 
subject--I list In, wo diet lngulshed. cluNHlfled, and named 
our vurloitH iHtdlly Inflictions. Ilactcrla are easily sapro¬ 
phytic and mny have uuiny paths of transmission, uud I 
four 1 lutt wo urn still very much In doubt as to the most 
ImiHirtiiot of those numerous routes. 

Homo of t ho In most lsirasltcs wore known In antlqnlty, 
liul l ho niK'IcnlH I a NOS-stud quite a wrong notion of thotr 
origin, which they ntlrllmtod to spontaneous generation. 
In IIm seventeenth century, however, Hull proved that 
tills hyiMthesIs ilis>s not hold for certain liiseots; and 
tiller Ihillus argued Hist parasites originate ah urn, like 
ullh-r niiluialM --flint Is, Hint their eggs i■seals- from one 

hiMl mid outer ..liter liost, thus lending directly to the 

presence of the isinislles in (he lutter. This history 
laiHsllily still holds for certain parasites; hut tn 1780 
Abllilgusnl abowisl liy exiierhueuts that some pnraattes 
of Hull live not only In llmse llnli. lint a j*rt of their 
existence In ccrtHln water fowl; and this extraordinary 
law, whloli mny he i-ullcfl nfter lie Barry’s term, slightly 
ebaugisl, the law of metnxriiy, was proved during the 
middle of Inst century to apply to a large mmitier of 
Pintado* and OhIixIch. Snlwojuently Leurkurt, Melnl- 
kotr, a nil others exlenileil the law to cover other species. 
Including spuchm of .Nenuitodcs. A most imisiriant rasa 
wns that of the maria mediants Is, the fliinoiis guinea 
worm of man, which was shown by Fertsolienkn In INffil, 
following u suggestion of ts-oekart, to Is* lu common 
with mail and a wnlar flea (Cyclopt). All this consti¬ 
tuted ii discovery which wus both remarkable In that 
It exhibited the wonderful devtoea of nature for propa¬ 
gating iKiniNltcs from bust to host, and was also of the 
lilgesl lni|»rtaiHv to inankliul (though few recognised 
tills isilnt ut the lime) because It showed us liow ninny 
of nnr great diseases nre likely lo be nei|iilred. 

|g>l me dwell on this point for a moment. PurnsUm, 
accustomed us they nre to dwell In the safe retrains 
of eerlaln isirtloa* of their host’a body, must be exposed 
to grout ibuigers wbeuerer I hey coino lo iwhh, as they 
most do, from one Individual host to another. Thus, If 
this imswige Is effected merely by the egg. It Is obvious 
IhHt the eggs must bo isiured out In liiimcnse uumbers 
to (simis-usate Tor (heir Immense destruction outside the 
Issly of llio host, while It would always lie prohnhle that 
only a very minute proportion of tho eggs would ever 
mill their way again Into fresh hosts of the isiiper 
Hiss-Ion. In order lo avoid these difficulties, nature, I 
presume through an Infinite period of evolution, has 
enabled many isinislles lo acqulro a more safe and 
certain route of entry—through other niilainls which 
aro associated frequently with Uielr llrst siieeles of 
host Itcmembor that nature la aa aoUcitonn for pnm- 
sllea as for the higher animals which contain them. She 
thinks no more of msn Ilian of the mliimc germ which 
Infests him. 

Following upon the discovery of Fedsehonko. Man- 
son In 1877 showed lliut the embryos of another Filaria 
of man (Filaria bonciofli) develop In n species of tnos- 
iltillo, probably a ('alem. The life-cycle of this parasite, 
up l» I he point to which be carried It, was closely simi¬ 
lar lo that demouMtrmtcd by Fedsehenko for Filaria 
HtediaeaaU; ami Munson did not complete the story. 
Ijisily, hi IHSO, lAreran made the most Important dts- 
emery that malaria la associated with a minute pro- 
toMo/il parnNlle or tho blood; and his observations were 
followed by l hose of Hanllewakl and other* who thawed 
tluil similar luirnsltes are to lie found In many animals. 

Uut up to the Iasi decide of lost century we still 
could form scarcely spy definite idea aa to how the 
protozoa! parasites pass from one ludlridaal host to 
nuother. The law of motaicny which had been prayed 
to apply to many of the larger parasites bad not been 
extended to the smaller ones. In 1880, however, Smith 
and Kllborne discovered a small parasite called Ptro- 
plojnna, tn (be blood of cattle suffering from Ttxss 
fever; uud more than that showed that In some mysteri¬ 
ous way the Infection Is carried from on to os by ate ns 
of certain rattle-ticks —though they did not demonstrate 
In any way that these parasites undergo a metax e aous 
stage of development In the ticks, and Indeed failed to 
and them at all In theae arthropod*. In 1906 also Brora 
made Us fsmons discovery that the Trypanosomes at 
nags ns in conveyed by certain tretae BJes, tat tap* 
listed that the carriage Is a mechanical one. And then 
the matter rested until the solution of the gnat me laris 


problem opened up to those Interested a nevf Held, 

We uow turn to the subject of malaria. Economi call y, 
as well as medically, It Is certainly the most Important 
disease lu the tropica, perhaps In the world. It la found 
ii lumet everywhere In hot climates, and even In moot 
temperate climates during the summer. From statistics 
we find that as a broad general rale In malarious coun¬ 
tries about one third of the total population suffer from 
a tracks every year. Dut these Ogams are merely Used 
upon records and do not cover the enormous additional 
number of patient* who remain untreated. 

It b remarkable that even more than 000 years before 
Christ the ancients certaluly were acquainted with one 
great law—namely, that malaria la connected with stag¬ 
nant water, such as marshes; and there are good 
grounds for believing Umt Empedocles ut Hlclly actually 
delivered Helhius from malaria by draining Its marshes 
or by taming two rivers Into them. This knowledge 
seems to hare been generally held since ancient times, 
though It must have been acquired quite empirically; 
but Varra awl Columella, at about the time of the Chris¬ 
tian era, actually suggested that the disease Is In some 
way 11111110010x1 with Insects which breed In marshes. 
In more modem times, however, malaria has been as¬ 
cribed In noxious vapors given off by stagnant collections 
of water- -the hypothesis evidently being that the poison 
Is some kind of chemical one. Even ten years after 
Ijiveran’B discovery we were still completely Ignorant 
iih to bow the malaria pa rail ten enter the body. 

At the same time, however, the hypothesis originally 
but vaguely mooted by Varro and Columella had been 
gaining ground. Indeed, Ijraclel hail repeated the same 
Mik-eiiliitluii lu 1717 and seems actually to have suspected 
nins.iillhwH und to have studied them, lu 1883 I>r. A. 
F. A. King wrote a most able paper ou the subject. In 
wlilcli lie gives no less than HI reasons why mosquitoes 
nre likely lo carry malaria, lie tboogli! that the In- 
McotH bring Ibe poison from the marsh and Inoculate It 
Into men. Next year ha reran himself and Robert Koch 
liideis-iiiliMilly enunciated the same speculation, but 
gave few reasons and no experiments In support of It. 
Ten jmrs Inter, however, Mauaon repeated the hy- 
lsiUicsls, but 111 n different form. By thll time (1884) 
(lie iMrsNlle* of malnrlu bad been very carefully studied, 
mill were shown lo pueseu, not only certain forms which' 
are provided for tbelr propagation In the human host, 
but also oilier forms which, when the blood is freshly 
drawu, emit several so-railed flsgella. These latter 
forms had really led Laveran to bis dlacovery, but their 
xoolngioal HigniHorace still remained quite unexplained. 
Munaon now urged that the flagella given off from these 
forms are roully flagellated spores; that when mos¬ 
quitoes lngeat blood containing these forms the flagel¬ 
lated spores escape in the Insect and enter Its tissues, 
where they ripen into some farther unknown stage. 
Tlion, ho thought, the Insect dies two or three days Inter 
uu the surface of the water, and this later stage of the 
I urn sites outers the water, and finally rises In Lb* 
marah-mlst to Infect mon. Obviously, therefore. Man- 
son's hypothesis was quite different from King's; the 
former thought that mosquitoes derived the parasite 
from men and transferred It to the marsh, while King 
thought Just the opposite. Neither really reached the 
truth: both were half right, but half wrong. 

1 was flint drawn to tho malaria problem In the year 
1880, when I observed during active service In Burma 
that the prevalence of malaria did not at til accord 
with the theory of the telluric and marsh miasma. If 
the poison is given off in an aerial flora, either from 
water or Atom soil, the disease ought to be almost 
uniformly distributed. Boch, however, la not the cose, 
and it really occurs priactpally in very small spots or 
pockets, generally In dose proximity to stagnant water. 
Thus in one station where I subsequently served my 
regiment wag severely Inflicted, while other regiments, 
scarcely a alls distant remained almost entirely free 

In 1007 I observed another variety, which I called 
dappled winged mosquitoes, and which everyone now 
knows were Anophaitnas. I first saw these In an in¬ 
tensely malarious quarter near Ootactmund, where I 
myself acquired malaria during my lnTastigetkas. A 
few months later I obtained sight of these lnaeete In 
Secunderabad, and employed than for my usual apart¬ 
ments. Six of thorn died or gave bad itimntlmw 0u 
August 90th, 1897, I wu so fortunate as to tad ja 
the times of one of these insects, four days after It 
hod been fed upon a am of malaria, certain bodies 
which I hod oarer observed In ■naquIUua before. Iteae 
contained the cha i u ute ria Uo Mpmt cf tea malaria 
parasite. Next day, the slat, I found the asm bodies 
in tbs test moaqutta of my batch of right-only tea* 


were now larger and mare definite. A little later I 
found the same bodies In two more mosquitoes and 
knew that I was on the right track: I frit teat the 
two unknown quantities of this complex equation hod 
been dmultaneously found—the aperies of mosquito 
which carries malaria, and the position white the 
parasites take In its tissues, namely, tbs wall of the 

Unfortunately, my work was now interrupted for 
nearly six months, Jnst at a point whan I expected 
to unravel tee whole history of tho malaria parasites 
in t few weeks; and It was not until March of next 
year that I was able to take up the thread again in 
Calcutta. In a very short time I was able to demon¬ 
strate the preHonue in mosquitoes of pigmented bodies 
derived from the silled parasites. These badtse were 
found to grow regularly during one week after the to- 
sects had been fed; to reach maturity, and to prod are 
a number of elongated spores. Now came on intensely 
exciting moment. What happens to these spores7 Ac¬ 
cording to Manson’e hypothesis, they ought to liberate 
themselves In the water in white the insects died; bat 
1 had now shown that the Insects did not die after 
two or three days aa he supposed, but may live for 
weeks. I attempted to follow the sperm in all direc¬ 
tions through the Insects’ tissues, into the lower Intes¬ 
tine, and even Into the egg. On July 4th, 1808, how¬ 
ever, I observed the fact that the sporeo enter the In¬ 
sects' salivary or poison glands. The full truth was 
now Immediately dlsdooed, and proved to be Car more 
wonderful than, any of us had ever dreamed of. Hie 
parasites are not only taken fnsn msn by the mos¬ 
quitoes as Manaon had aupponed and ara not only put 
into man by the masqnltoes as King had supposed; but 
both bypot hems are true, and the Insect carries the 
parasites directly from msn to man. Here (hen was 
merely another case of the great law of metaxeny— 
which, however, was now proved for the first time to 
bold good for protesoal parasites. The malaria isire- 
ritra, like many largo ones, require two hosts for their 
life-cycle. 

In July end August I Infected 23 out of 28 healthy 
birds by the mean* of the hltra at Infected Cult*— 
thus completing the whole story In detail. True, that 
was done with birds’ malaria, and I had only seen the 
first steps of the procem with regard to human malaria; 
but any aoologtat will know that with such closely 
allied species the life-cycle of one is sore to be almost 
exactly similar to the llftyqycle of the other. My work 
was now Interrupted again, and for nearly a whole 
year; and it was not until August, 1800, that I was able 
to abow directly that tho human parasites hare exactly 
the name development Meantime, however, Koch and 
IhinielM had confirmed my work on birds’ malaria; and 
certain Italian worker* repeated it with regard to the 
human parasite*, even to enuring inflection In healthy 
human brings (November, 1808), three months after 
my similar work with birds. 

A very important discovery had been meantime mode 
quite independently by MacOallum and Opie in America 
(1807) who allowed that tee bodies which Manaon hod 
thought were flagellated a pares were really sperms. 
Thus the large pigmented cells white I had found In 
mosquitoes at the soma data ware really fertilised 
mtcrogametea. This gave a much more correct eco¬ 
logical Interpretation to my phenomena; but did not 
otherwise disturb the history which I had ascertained. 

The discovery of the foil llf*<ycle of the parasites 
enables os, not only to ‘tiredas’* the rente of infection, 
but to determine exactly white aperies of mosquitoes 
ore ooneahiad. Store th«Q tee work of many observers 
has shown that oat at about 000 Oaltdte only about 
28 spectre carry malaria, and that aU of these belong 
to tbs Anoptaltosa. Bo teat for tee prevention of 
malaria we are not obliged to deal with mosquito** in 
general, bat only with particular spsdas. 

Another dteoovory, ooncsrasd wlth one of tea moat 

was loads by Boad, Oorrell, Inmar, and Agrsmoot* 
during the last days of last rastury. Without knowing 
tea reuaattvs agent of teat i H as ae s, they yat stewed 
by dint* experiments m human brings that tee infec¬ 
tion is tarried directly team man to men by abetter 


r hypetteria we* verified by tea oteerrattta teat 


ww *ftr epplahud ta the fast teat Btsgtaqta tap* 
hi uWkkl totfetire. at water mU tatatavjS 
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New Light on the Great Toothed Divers of America 

Remarkable Bird Forms of Prehistoric Times 
By R. YV. Shufeldt, M. D.* 

mm pa it iln world lias known of Prof alx ngulh and UkthpomU victor ham been published inrllki lttddlen that protruded Inlrmllp from (be «M(( 


MiiinIih dlMvjwM of Ibt toothed blldn lliet 
I nniuhiN Nliowid Hum to belong piliiel|mllv to lw< 
It Mitarulrd giouim of lilid fortuH Lllhir one o 
IHHwmdiig tbi iMrnordlmti), though not nltu 
i tinlookid fot ehiirmtu of tiui tilth this dls 
n wnu tuiiili In I''TO tin fohillH hating lain oh 


elr with teat matter about them In neat It ever} qua 
wo of fbe glolie In nett rul nconm of tongues Thet b 
of n|i|Nareil not mil} In all aorta of wlintlfk laaikh bu 
to itet}ila> uiugarlnea aa well aa In atbiail und col 


n wna Hindi In 1x70 1I11 fimslla hating bun oh Prof Mamh made mouk tin niifortunate etrorn 
ail ill at Ihi Sniok) Hill nitei In wiaUtti Kanana the the nutniduntu tolutne Juat lefirreil to fot hi a 
on win re wi Und that geologUal horlron or the tiounced Hint thi Htnithtou* charmteia aein In II 1 
1II1 (ntaiioiia known ua tin l'etiiniiodmi Ihsle primula ahonlil probablv la ngunled aa 1 rlili nee of it 
a the t rrtaceonn formation Is enrlkr than the banal alttnlt} noil In thin mm lliapumnla would la iam 
tm 11 nil thi latlei hntlng 1111 ugo of hdum Him mil Hall} a iHriiltnniua Hwlmmliig ualrlih 

. ‘ ‘ t I*nif Mai eh 


insult ever} qoarler of lla laalt, It wonhl hare been unite Impoantble for It 

I tongues Thet bate to hate perfmmed ant noth font \n to the tall and 

mlintlfk lamkh but In feet pn at tin} (irohably ate miuh issuer the troth 

In Htbiml und colltge that Hiapn mow luul a big tall ruminated of tnu 

fen thorn tbtre inn be mi tlonbt lu the world, while Ita 
unfortunate eimr* In webbed feet each lamalhly hating (be conlmtt of the 

trrrd to rm hi un coiiuoiant* foot waa nettiHiiksoi, alinctuiull) more 

arniteia net 11 In Ilia llktl} of the kind wl And In anv of the great modern 

sled aa ivlili me of 1 ml illma hitch aa out glial northern diver or loon (Uvpih 


Mt lull 1 (at In tlda subject has been tecenllt r 



rlhle alliHied up in aiteml pnrilctil tre along l*tir 2—Hkeleb given to show the exact locaUtjr 
Ilium of the discovery end the geological formation. By 

. »»> hi 1 1NN0 l puldlshisl In thi f tHltnp Wngn the ontbor. 
siw Virt illt an nrtlcle entitled Feathered 

r othir Data In which nmneroua lliftirim, 4 re melt Intermllng when taken In connection with mtr 
lou» of mt own dmwluga, appeared \qtotig studies of Reaptnmh 

" * ishtoratlon of IIraptromia irovtia which lit naeuish u|am thla foeall has been completed and 
" lhl> blnl Petehed nimn a partially unhtnerg«l fulls llluatreteil It will npiienr, later on In Tkc let 
the wnter I lie nttltnde wai mggealetl bv of which Dr Whiner Stone la the editor The enact 
1 ilguts Of Hie Florida ( ormorant ir I have loralltv where thta foeall waa found la ahown in Fig a 
aatil nml thla waa commented upon, tenra of the prrment article The exact apot la there Inrtl- 
tt corresinndeoee with the late Prof Alfred ented, which la area to bo the bed a reigned to the Olag 


- , , ... . „ elmwhete wild nnd thU waa commented upon, tenra of the prrment article The exact spot la there Inrtl- 

Mg I —The locality on Dog Creek in Montana ago In tnt cornminndeoee with the late Prof Alfred rated, which la area to bo the bed « reigned to the Olag 

where the foeail vertebra pf an extinrt toothed V. wt.ui V IIS of C a abridge, Ragland No loon would grit formation i It la a marine one, and at thla point in 

diver waa diaoaMtrd. Photo by Charles W. Oil- he llkilt to rilmli op on a limb of a (oaken tree In any overlain by the fftmh water depuett of the JadlUi Hirer 

nich manner, indeed, aa th* le^ et Bmptrmlt ware Than* tflaeoverire go to ahow that there gnat ualMt 
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toon* with teeth had. Id cretaecoua lime, a very wide 
mice over the country now known to uh fin western 
North America, aud that there were prulmhly numerous 
HiwcteM of them, an I have isdnted out In iw|H-ra which, 
at tlie prevent time, have been accepted for puliltmtlou. 

Hanlly bad 1 finished with the tllscoven-d material 
Jual referred to when I received fnna lay dial liigulshed 
friend. Mr. Gerhard llolltuann of ('uponlumen, the third 
part of bta excellent work now hclinr published on -Our 
Praaeut Knowledge of Ihe Origin or Ulrda" In the ntfl- 
dal Organ of tba Danish Ornithological Society. This 
very thoughtful mid imiiiataklng piece of work coiiliilua 
mnell that la both new nnd Intereatlng la regard to 
UtipeninUt. for Mr. Ildlmnmi la one who la not satis- 




rtiuple. the iiiiiouiit of lion-watery auhatauco galuefl In 
one hundred plnuta waa: 

Wltli mdle active With water not 
water. rmitlo-ai-tlva. 

l'lHiim iirienae. (W.7.1 g. 21.37 g. 

Vleln filial . 12S.K7 g. IW.OOg. 

I.lipllina illlgliattrolllia.. 37.KI g. lfUTi g. 

llonleiini illatlehiini_ OO.sn g. 0.00 g. 

Of iiHirae Ihe decline In the activity, na lime wont 
on, of the rrapectlve watera waa lakeu Into Hoeotllit. 
Ouring no experiment which Inateil SI dnya oxtra lit* 
crcaaca in iinii-ivnlcry siiladniicv of lad ween 02 and 1.13 
tier cent wen- iioIihI In lentlla. ikiih. ami wheat If. 
llioiigli, the water natal waa tmi strongly tilled with 
radio adlvity :m to OdO nmehe imlta ta*r liter re¬ 
newed eicry fourth day—the result whh reversed. It 
can go an far that Ihe li-aiea liecomc a rcddlah hruwu, 
that ta, tlie chlorophyll la decomposed. 

Our InicNtlgnlor found. In particular, In the prtaluc- 


Flg. t—Left lateral view of the skull and leading aeven cervical vertebra of Heiperorate regalia; Irma 
than half natural nlxe. By the author after Marah. 

j-m, premaxillary; a.a , uaaal aperture; a, nasal; i, lxcryniii!; /, trmiUI: to./, lah-rerlilljtl foramen ; p, park-UI: 
«u, aupnoN-rJpftal; it, ihnttry , pi, pntHtlis-: up. splrnlal. «». aarungular,- a, angular, eJ, qiunlratii-Jugil; rr, artliulur: 
y, quadrate; ha, lisshs-i lpllnl, af, alias nr lint central vertabra , at, alia or an-ond cervical turUibm; J cist op, t l.o third 
In tba oovontb cervical vertebra-, la.hu-lvo 


Ihsl Iinlom he goes to Ihe lery bottom of Ihlnga. In 
my opinion l Ida untiirallara cnnccpIUm of wlint kind of 
a bird, including Ira alrnctiin-, thia giant, en-lnceoua 
ham wua llko now hi« ndn anioug Urn heal of llioae which 
luive uiipeared up lo dale. 

Am did Il'Arey Thnmiisnn and I, or even more thor¬ 
oughly, Mr. llultiunnu hna cumpnn-d (he material um 
given na by Marah In lila Odimlontlthip, representing 
lu-mienirnlH will! Uio tnrn.-a|annltug skeletal atroetnrea 
of loons, cormoranta and other birds. ThlB exbauntlvo 
study convinced Mr. Ilelliunmi thut the noaroat living 
allien of the cretaceous loona are the largo dlvera of the 
present nvlfaiuin, ua (lavla and 1U near alllea In tho 
mii me family and genus. lie la of the opinion that the 
fi-T-t of Mcapcrvir-aia were. cianpU-tely wchlied an In the 
cormorants, which view I do not recall having genu nil- 
uineed by any American imln-ornllhologUL Tliat the Iruo 
feather elenH-uta an- found In tlm chleka of oatrlchea 
ami tliclr near nlllcs. Ihe eunia, cassowaries, etc., and 
miming in tho adult forma, la excellent evidence lailnt- 
lng to tlie fact thnt those now flightless hlnla are 
deaconded from forma which laawomied the power of 
lllgbt an well developed na In any of Ihe heat fliers of 
Ilu. nn-MOnf dnv. Ah they. In lime. lost (he laiwor, the 


of a|aila, and theae are Inal when tile hint or mamuiul 
assumes IIa adult colorallou. Thla la well exempUfled 
la I In- young of lire loops, Ihe ciuun. Ihe i-ussowarioH. 
mid. uumiig lwinimnls, ihe tapirs, Ihe tlecr, the wart 
hugs, ole. In hoiiih deer tho longltiidliuil apottlng re- 
inalna ihrmigiiout life, as In Urn ails doer (fc'm-gg 
astir). 

Now, It la a wcll-cNtHbllaliod law In phylogt-ny that 
lery frequently the tuiuuff of rxMlito mammala ami 
lilrda usauino n pelage or a plumage which eloai-ly ro- 
HMuhlea the coloration of the adult* of Ihelr very remolo 
aiicealora. Thla la-lug Ihe cnee, nnd especially na Ihe 
young existing loona ure allotted, it la quite or even 
more than likely Lliat the nueentor, Vt-spnrorafs, of uur 
pn-w-nMhiy Iooun hnd rows of luuglludliiHl spots nilown 
lla upper porta, aud, ae 1 say, on a ground color of u 
bluek or a bluish or greenish black. 

Air. Ilcllmaim ably advaucea Ihla theory In his work; 
1 fall to aee auy reason for Its not having I awn ihe caw. 
and u good deal of llkellhooil that it waa In Fig. 11 of 
the present article 1 present a phnlngrnphlc reproduc- 
11on l made from a plate In hln Purl III, which wna 
made from his original painting of n group of crelncrona 
loona (llcuponirnl*), as they may have appeared ilnr- 



lilgheat degree; for If this were not tho caw (hey were 
never birds at all, but aulmals of nome kind, as I hose 
of somo roptlllsn ordur. A beautiful living example of 
a bird that Is mow losing Its flight la Xlarrla’a Cormorant 
I \a%nnptarum Aarrtat) of the llnlapsgos Island. This 
bird Is a true cormorant which, with Its atrophied, 
dogoneratad wings. Is thoroughly Incapable of flight lla 
wings havo gradually boemno shrnukeu from non-uso; 
and, although perfect as wing*. they hnvo Isa-mne use- 
leaa to the bird for the remain that they are nowliere 
n,-sr largo enough for tho uatrof a blnl as big and heavy 
na thla cormorant. Ua wing* were not needed because 
I he bird, being a jMker, on lonely Islands wlu-re It Imil 
no enemies, very rarely took to flight. Hiwl as a conao- 
quence the unused limb* gradually shrunk In slue until 
Um bird could not fly, even had It the desire to de so. 
Decently I prepared an account of tlie skeleton of this 
cormorant and It will soon be published by tho Zoolog¬ 
ical Society of New South Wales. Australia. In Ihe 
plates accompanying It tho *1x01*11x1 wlng-lsmc* arc 
well contrasted with the mat of the skeleton and exhibit 
their diminutive atw and fneble development. 

When wa coma ta discu ss tho color of the plumage of 
HcpptrontU regoM we not only pasa Into the realm of 
pare conjecture, but wo ate, at the same time, con¬ 
fronted with a question about which very little has 
lawn written. All of our now-existing American divers 
(rjSfnjM**) ham white heUlro. so It la fair to famine 
Upt the «ti« under pert* of Bmpfronrtt rep*M* were 


shown In Fig. 3, which I photographically copied 
from Marsh's plate, reduced In the aanie proiairtlnn n- 
Fill. 4 (Plate X.\, OdrmtomUHei), and which gliea the 
Millie skeleton half natural also. In my figures Ihe 
Individual bourn nrc lettered, ibelr names Is-lng given 
In Ihe legend Thla hna never been done la-fore In tin- 
in mo of this extinct, toothed, cretnecoua ham. mul I Inial 
It will be of um to comimratlve avian osteologists. 

Radio*Active PertUaen 

HcitfiXTirtc farmers will la- Intereali-d In the ac- 
ixaint given In the I'hmOcrr-XrlluHg uf tlie cx|a-rl- 
menta made by Prof. l»r. Jullns Htia-klumi to Uetenulne 
Ihe Influence of radlo-m-tlve fertlllacra main the growth 
of idanta. Th»-ae ex|s-rlminta were carried on for a 
niimls-r of years |airily under glaaa. partly in flelda set 
liable for tlw- experlnirtits. and Included the uae Imtli of 
natural radliesuhataneea (aueh as mHaturan from 
Jnorhlmsthnl, water from the same plai*, and also 
water from Brsmhaeli and KranaeoMbad) aial of artl- 
llelal solutions (hih'Ii ns chloride of radium). In his 
earlier ex|s-rluieiitM l>r, Ptocklasa ohlalneil considerable 
Inerease In (he aim- of the plants hy using determined 
ami not tmi atnmg treatiuenta nuitalolng nitrate or 
urauyl ami nitrate of lead. Similar ex|a-rluents were 
also made hy ottw-r InveatlgHtnrs with ■■stimulating" or 
Swlalytle” agents, as they were fonnerty called. Ktia-k- 
ItM then went systematically to work to lnveuttgate 


lion of seed that by watering with a ruillo-water of 
alNnit nil In 100 inaelie units pt-r liter the yield can be 
liicn-iiscd from tw to 117 (a-r cent. 

Ktia-klnaa also InvcHtlguteil with the alii of Bins* 
cuvi-rs ("eiiiiuiutorla") tlie i-ffeet of raillo-aellvc air 
it]ani the develoiMlienl of lilanls. Using exnetly the 
sunn- soil he aurnaindeil the plants with i-yllnriiieiil 
gliiaa-lK-lla Into which no emanation was Introduced. 
The n-anlt showed Mint there was a more rapid dcvol«|i- 
nieiil of Ihe hliwaonm In tlm active air. 

Tlu-ai- ex|ierlineiits are, therefore, not only most lu- 
ti-n-allng from a Hcli-nllfle |ioln( of view, lait have also 
gn-nt iirnetleal value. Agrleultural experiments with 
rnillienellre fi-rtllln-ra have ta-en niinlc In-fore this, tad 
It wiailil Sit-in llmt the most or aneh work muat still 1st 
left for n time to Dm experimental stations. At tlie 
present uimm-nt It only |m.vm to use such a fertlllier 
where the nature of the soil Is siiltublc In Itself. Onr 
liiH-atlgntnr says further thst Ihe ruillo-aetlre treatment 
must hi- adjusted to Ihe nutritive siiiisUim-es of IIkx 
soil and lo the general iniiMillnents of vegetation. 

An Electrically Driven Warship 

As a result of the successful njs-mllou uf the electric 

|Hiwer .. In use on the I'. N. iiiivhI inlller "Juplti-r." 

It luia In-on tuna.-is) h> the Navy Department tlwt tho 

same general si-sii-ui will Is- Installed In Ibc new aoper- 
dnsidiiniiglit -California" This will be the first elac- 
trlctiliy driven warship, und It will have a minimum 
s|s-ed of 21 knots. 



Fig. 5.—A group of rretaccoua loona (He*per- 
oral* rrgtlls) «• they appeared three or four 
million years ago. Restoration by Gerhard Hell- 
■aan of Copenhagen, nnd reproduced front n 
photograph by the author. 
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Military Surgery 

Some Lessons Taught by the Present War 
By Our Berlin Corrwpondent 

Dr Pat* the oelcbratod Lnipsig surgeon ret not! v Mint*, shot* through the nook are benign though there graateat ear* should an any oaaa be need in renewing tbe 


delivered a remarkable lecture before the war <orm- 
spondonta of the Germany army on hia personal experi¬ 
ence in the Arid He ban from tbe v< ry beginning of 
the war devoted to the military authorities thi wholo 
of bin Uma and his exceptional knowledge and in hta 
capacity aa General Burgeon to the Saxon army he hna 
been In a position to collect llio moat raluahlo i xpe ru n< o 
In fart his liotuie of whuh an ahalrw t w given in tho 
following may be eonfflde red aa tho moat authoritative 
atatonu nt yi t made publu on the lesaona taught by the 
present war in the field of military surgery 
Tbe learnid pmfeaaor at first eautioned his bearers 
against tho many drawbarks of military surgery There 
was primarily llu diffleulty of watching the oourso of 
a givin raee patients lieing often lost Might of two or 
three Hays after an opt ration so that the auoooaa of the 
lain r tannot always bo aatortalned Further there in 
a risk of Uie surgi on being bampt red in his work by sheer 
st nipulouant as antlspetio condition* being of onurae 
far lira satisfactory than at homt in his own clinic 
Anothir nak finally is the unavoidable rush of work 
whuh may indtue tin surgeon to protend to operation 
without mature tonaidi ration of attual t in umstannoa 
Ibt projii tills tonetrned in tin <hm of bulbt-wounds 
are infantry pnijti tibia shrapnel bullets shell frag¬ 
ments bomb fragments and aeroplane arrows lu three 
should In addtd dumdum projectiles bullets deflected 
from Ihtir onginal oourso and what might be termed in¬ 
direct projet tiles nz fragments of clothing coins and 
oUh r objects fmm tho soldier s ptK kits which have been 
forced into the wound Hie i ffett of projet tiles mainly 
dept nils on their percussive fortn sire shape matt real 
direction and goal aa will as on tho number firmness 
and tension of the organa strutk 

The aeroplane arrow is a new weapon wlnt h has made 
its first appeanmoa in tho present war It is a steel 
rod of the thickni aa of a pencil with pointed shaft The 
remrtnd u> groot d out square mi that the point is heavier 
than tht tnd Vs an arrow such aa this falls vertkallv 
to thi gruunl from a lni|,ht of say 1 hOO moUrs It 
will reath a s|Hid of J00 miters per second whuh Is 
equivalent 11 tho vtl i It) of a rifle hullel In fact the 
wounds made h\ tht at arrows are very serious 

At tording It an obi t lasaiflt ation tho letturer dis¬ 
tinguishes ae vend e ate kwhs of shut* Ru ex hi ts when 
tin pn jo tilt dm s ii I pi netrato into tho bodv em 
Infilled all Is ( Sint ksrhUsse ) when tho projttlile 
stubs fast in tin body and pie rung ahoti, ( l)unha 
iIiiikm ) will the projt i tile punt > the body and conus 
out at thi otlitr tnd Hie degreo of harm dont to the 
t issue s and trgans obviously depends on a number of 
BtiiHMirv unumstan is It was thought nt former 
times that blind teasels lould bond out of tho way of 
projet tilts Howt >i r modern infantry projectiles have 
been found to pcmlrati right through the vessels even 
small arteries whoso diami tor does not exceed that of a 
quill being pieredd This is why a far greater number 
of artery b aiona have to be dealt with in the present war 
Wounds made bv modern projectiles m hones and 
joints are of os pet ud importance At short rangt bones 
will he shattered into a number of fragments As the 
dlstan t men maw Hurt is a growing tendency for the 
irrojttilled to imne tht Nine and just to produce one 
tr tw> tracks in the mtghhnrhood of tho bob The 
Iona tubular bonis which are hard aa ivory will he split 
tvtn at wry considtnthb distance say 1 flOO-1800 
nit lira whereas boms of a more spongy texture, such as 
thi j ml of the knee are pierned smoothly This h> 
why shots tluutigh tlu joints take a relatively benign 

I hi iNssublo Dilute of shot-wounds are hemorrhage 
twin shock mutilation anil death Aa regards pain 
it IS obviously am ng the foremost duties of the surgeon 
in war to see that tho wounded may aa soon as possible 
git tbe lineflt of alleviating reoedm. The general 
prat lu* niw is to administer at the earliest poanbla 
moment a morphine injeatlon 
Modern warfare is liable to result m a tpeetaJ abund¬ 
ance of wounds if thi head, soldiers on firing from the 
InnohSa having l> advance their heads There an 
two distil it 1) |s s „r htad shots vu on one u»»-< em- 
budded and pure mg dint* in tht ease of which the bul¬ 
let travi rst s the head dim tly or s tic In fast la the skull 
or brain and on thi < thir tangi ntial or groove' shots, 
when the projectile aa it w re pinna a groove through 
the skull bone Tangential shots should hi treati d dtf- 
fi rentli fn m embedded aud piore mg shots hose frag- 
menu m treed by tbe bullet produe ing lmuMmall) always 
serious infection 


are some vital organs concerned blood vessels nerves 
sninal marrow, and tho oesophagus and windpipe If 
the windpipe and larynx are affix ted operation should 
bn pro eeded with as promptly as possible thus prevent¬ 
ing any risk of stifling 

Shots through the ihut are of all shot* dealt with 
in modern warfare those most easily treated The 
Japanese used to say that thoir men In the ease of simple 
breast shot* t nuld return to the firing luw after a week 
or so A (wording to German experience in the present 
war such patients even in oaee tbe lungs have been 
piereed will at least be transportable after ten to four¬ 
teen days Though they may for some days go on 
coughing out blood they will in no srav be inconvenienced 
as far as their general condition is oonoorned If the 
heart or aorta has boon struck the surgeons aid of 
oourso Is of no avail such patients being brought in too 
late from the battle-field Whereas in time of pea e 
It Is quite Toasihic to n move a projectile from the heart 
saving the patient s bfe by a heart suture any attempt 
at such an operation in warfare would be futile As it 
is modern projectiles are doubtless more humano in 
their offei ts than the load hull) Is of old and provided 
tbe nlis have not Iwen injured the wound)d tan after 
quite a short time be restored to full lighting ability 

Shots through the abdomen are an lUm much due 
cussed in modem wsr surgery In time of peaeo it is 
an absolute rule to operate as soon as possible by means 
of a nut through tho abdomen thus staying tho blood 
and by opening part of the stomach and the intestines 
to make the wound inoffansivo and prevent any infection 
liable to result in pintonltis Already the South Afri- 
ian war however has shown such shots to bo more 
lienign m >a«e operation is foregone Infant there are 
a number of lnntanoe* in the present war in which good 
results wire obtained by a very simple treatment 
the patient being kept for a week absolutely quiet and 
without food or drink When this limit was not observed 
the condition of thi patient would invariably become 
worse 

Tho letturer next proceeded to answir the question 
as to bow bullet wounds should he treaUd Atcerding 
to the best German prv t* i the following pnnmpli la 
adopted A urtain amount if mfoolion should be in 
any nut aw minted for whuli cannot bo rttluied by 
any measures whale™ ver If a patient has for instance 
nntived a shot Lhrmgh tho arm a oortaln number of 
mn robes have jionotratud Into tht wound which it 
would bo imimsaihh to reduce Rinsing the wound 
with water or ruhbing it with antlsepUos, so far from 
being of any avail has been found to he harmful tho 
antlaeplio liquid diminishing thu vital strength of the 
tissues However mi new noxious agents should be 
added to those microbes F xperlenee shows that healthy 
subjects will deal with a given number of bacteria pro¬ 
vided no further gums are allowed to enter the around 
This Is the prim tpb i ontrolling tbe first phase in the 
treatment of the wounded The surroundings of the 
wound are no longer washed and cleaned with soaps as 
once upon a time but a pi new of aseptic gause Is applied 
to the around am h as Is contained in tbe roll of bandage 
earned h) every German soldier aud officer In the field 
The first dressing is thus applied which the men them¬ 
selves or their lomradec are treini d to do very ileverly 

Another method to prevent tbe microbe* from multi 
plying is what is termed the arresting process The 
liarts round the wound are brushed over with tincture 
of iodine or masUsol Tbe microbes are fixed by maatix, 
another advantage of this process is that the aseptic 
gauss is attached to the wound thua preventing the 
dresamg from being shifted These methods have given 
excellent results 

Provision must, of ooune be made for tbe wounded 
to undergo long and difficult transports especially in tbe 
ease of Injury to the bone* and joints Splints have 
often to be improvised In fact, the surgeon in time of 
war, must show much ingenuity in making shift with 
anything happening to be at hand Tbe wood of a 
young tree sticks etc , are, to Instance used aa splints, 
but practical ipUnts have also been made from braided 

Tbe final treatment of wound* comprises a number of 
other problems, but a point should ba made of avoiding 
too much teal Tbe wwmd bring well drome d and 
oovsred with aseptic gauze, tbsre u no need for tbe whole 
bandage being exc ha n ged, it being sufficient to renew 
the outer dre s si ng Wounds on which tbe flnt (hearing 
-made from the man'* own dreamng mataiala— had 
been Isft, wen found after a weak to be healed. The 


bandage, lest any microbes be allowed to penetrate into 
the wound Guta through the windpipe and the tying 
up of picroed Wood vessels should, of court*, be made 
on the very battle-field, whereas the decision as to 
whether any wounded members should be amputated 
must be Mt to the further treatment 

No Importance IS now attached to tbs removmg of 
projectile* if the latter cause no moonreotanoe This 
is into of infantry projectile* According to the lectur¬ 
ers experience the German (ted rieeve projectile, far 
some unknown rcaaon is more humane than tbe French 
oopper alloy projectile which frequently causes pain 
Shrapnel bullets whieh are round have far Isa impact 
and percussive force than infantry projectiles Pene¬ 
trating into the Hooper parte of the body, along with 
such foreign bodies as pboas of clothing ate, they are 
apt to produce suppuration In 70 to 76 per oent of 
shrapnel wounds under treatment suppuration ha* been 
obeervnd a slight quantity of ohoool*to-oolared liquid 
< nming out uf the wound as this la opened Stall frag¬ 
ments likewise carry along foreign objects and thu* give 
rise to suppuration, they must therefore be removed. 

Artillery wounds which are so frequent in the preenot 
war and which by no means take an alwaya benign 
ooune are a danger of their own They give rise to 
suppuration of the tissues gas phlegmons and tetanus 
Good results havo m many oases bean obtained with 
the inoculation of a tetanus serum 

Personally the looturer was able to record a number 
of striking successes in bis surgmal practice during the 
first months of tbe war Ordinary shots through the 
fleshy parts of the members nearly always take a very 
gratifying course In many case* the men were re¬ 
stored to fighting ability after a week, though they had 
only been treated with the dressing material contained 
in the small paresis earned by each soldier Infantry 
bullet shots through joints would take a very benign 
course if tbe wound was treated saepUally and if 
nquired dressed in splints shortly after the injury 

Tho effects of aeroplane bombs are very much different 
from those of bursting sheila the Injlines oven produced 
by small fragments being so extremely serious aa never 
witnessed by Dr Pavr in the ease of shell fragments 
Another unpleasant feature of aeroplane bomb frag mi nts 
is their cutting like knives duep-lnto the mem bora and 
then piening the vessels 

Employment of War Prlaoaer* 

Sixty thousand prisoners of war have now bain as- 
Hunlilcd at the Mflnater camp on the LflmJmrg Death, 
states Vonodrts, where they are uiltivatiuf the waste 
lands 1 he majority of the men are French, though 
there Is also a number of Belgian* Russians and Bng 
llsh In the camp lfsny previous attempts had been 
made to cultivate this huge tract of moorland country 
which is well known to travelers between Hamburg and 
Berlin but the chronic scarcity of agricultural laborers 
In peace time had always hindered the project The 
local authorities of Hanover accordingly appealed to 
the military administration to make nee of war prison 
em for this purposo, and Um permission was at oooo 
given • 

One example may be given (says Voneritis) uf tbr 
manner in wbkh Uie work is proceeding In Uie dis¬ 
trict of Neustadt near Hanover tbe culUraUoo of the 
so-called RodewmtdeT Bruch had long been contra 
plated Tbe District Council purchased a large tf*et 
of this country which with tbs help of 2fl00 prisoners 
of war Is being broken up and made ready for cultiva- 
Uoo In doe coons it will be divided up Into thirty 
farm estataa. Barracks for tbe prisoner* are being 
built largely by the aM of tbe captives themselves, bat 
later on those bondings can he used as etlfe sheds and 
corn stores Hie new colony has been chrtstsnsd Uch 
tenhoret, and If the winter la favorable It Is hoped 
to bate the work so far advanced that tbe tot crops 
can-be sown next -spring. In this cast Hanover will 
next year bare many hood red scree of new land endec 
• ultivattoo with wheat, potatoes, etc— twOoa DsOg 
Telegraph 

Aa Bxfgdto* to Forestry, 

Tki Isumatide Ooeapaoy of Qatimc, producers eg 
pulp uni pcipwoof. la trying an intonating vqprMtot 
In reforesting its neMgrioultunl onhovag lag*. U la 
also Importing a&to* tm IWtobflrt i to m if 

am to* •• <* ** to mm 
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Installation of a Gas Engine* 

Points to be Observed m Buying, Transporting, Placing and Starting 


Tube are a number of point* that ihould be could 
and before purcbsudiif * gas engine one of which 1* 
the amount of power required for the work to be done 
It la wrall jr advisable no matter what style of engine 
la to be pnnfeaaed, to buy a unit somewhat large r then 
may at Ant atom n e caw a r y It la always well to have 
same power Is reserve because an engine working un 
der an exeaaalva load la Inefficient and Involve* a money 
kB to the owner on account of the weer and tear os 
the miglsei 

Pha atyle of engln* to be uw>d la determined by the 
location aad the nature of the work to be performed 
If the engine la uaod In a fixed location a stationary 
type should be erleeted whereas the portable type and 
the traction engine must be selected when the engine la 
for use at various points and when loads ere to bo 
hauled The selection of the right type Is fully aa lm 
portant as the selection of the right make also while 
attractive paint and a high polish are desirable these 
toll very little of the real value of tbe engine 

When rspalri are neeiwaary the Importance of having 
an engine which has been standardlml la fully realised 
by the purchaser Repair parts should be obtainable 
at convenient points within a tew hours because delays 
In waiting for repair parts usually prove expensive 

It Is Important to bear In mind that the rated horse¬ 
power of an engine la not always a reliable basis for 
comparison with the actual power that tbe engine wUI 
deliver There are many gas engines on tbe market 
rated at five bone-power for example that will hardly 
bare a maximum output of as much as five horse-power 
under regular operating condition*. Again there are 
engines built bv reputable manufacturer* that deliver 
continually an overload of as much as 20 per rent above 
tbHr rating If there is any doubt In the mind of tbe 
purchaser aa to the power that It In possible to obtain 
from an engine he should Insist upon proofs Of the 
actual brake bone-power 

When the engine has been purchased the next thing 
to consider Is where It Is to be placed In selecting tbe 
position for tbe engine note that It ought to be placed 
In the cleanest driest and lightest spot obtainable If 
It la to be belted to mac hlnery that Is already in place 
It Is necessary to decide where the flywheel will be 
located and the foundation should be made with this 
In mind If the machinery la to be Installed later, suit 
able position for It must be determined at the time 
the engine Is Installed In order to Insure that no dim 
< allies will bo met with In transmuting the power If 
the engine Is Installed In a large room a small room 
oi spate should be partitioned off around it In order to 
kup out dust and dirt. Under all cfnumatancas, never 
allow a gas engine or shy other engine for that matter 
to run In tbe same room with emerv or polishing wheels 

Assuming the engine to bo of the stationary type 
the pnrchaaer should obtain a tempU t and anchor bolts 
generally furnished with each engine The templet la a 
woodsn frame of the also of the bottom of thi base of 
the engine having holes In It to match the boles In the 
base of the engine frame 

TRB FOUNDATION 

Tbe dimensions of the foundation at tbe bottom should 
be at least twice the length of the engine base sud not 
less than two and one half time* tho width and the 
depth of tbe foundation should bo equal to Its length 
Hie shape of tbe foundation la then made In the form 
of a frustum of u pyramid sloping up toward the top 
where It la only about three Inches larger oo all aides 
than the base of the engine When the bole has been 
dug In the ground a form for the concrete must be 
made and then tbe concrete la mixed as fellows one 
sack of good cement, two wheelbarrow* of sand and 
three Wheelbarrow* of crushed yock or small gravel 
well mixed with water to make It easy to handle 
When putting the concrete into tbe form It la advisable 
to use Old eonp Iron of all kinds chains wire etc to 
reinforce tho concrete and keep U from cracking Put 
to the concrete aad eerep Iren together, tamping It 
tightly Into tbe form Before putting in tbe ecccrete 
however pUoe the anchor bolts la the bottom of tbe 
bole, With large heavy wasbera on their brads, and use 
the traspiet to looete them properly »t tbe bottom then 
ran (hr nuts down on the anchor bolt* far enough to 
allow the templet to rest qxm than while locating the 
boitt at tbe top at about tbe level where the engine will 
be fit on the foundation *b« fatten the bolt* In some 
way go mi they win Mt more while tbe concrete Is 
beta's* tn place The wooden tamplet Is left on the 
top ef to* fctmdatton. the nuts, of oonraa, total re- 


moved when the foundation reaches Usui and the 
engine 1 h set on the top of tho templet as It is advlssble 
to u*t * thin strip of wood between the concrete and 
Ilk cast Iron of the base lho foundation should 1* 
b ft to set at least four days before tbe engine Is placed 
on It 

SFUOVINU Alt • NOISE mil A BAI1 MAD CAS 
Ibc foundation now being read} wt will ncummi 
that tho engine has arrived In a rsllrostl ar si the 
station pml that It Is to be removed from (here by the 
pun bamr A fow points relating to this operation will 
piou of value The engine has lieen delivered to tho 
transportation company I v the manufactnrer or dealer 
I roperly packed for shipment I be responsibility of 
the manufacturer or agent stops «t thi* point and the 
transportation company la mpicusecl to deliver U to tbe 
purchaser In perfect condition llu. engine If of a 
heavy typv has been transported In a separate var and 
I* left on a side track amsslble for toam* The drat 
tlilui, to do be to have the local statical scent make an 
Inspection of tbe engine In the presence of tho pur 
chaser or hla representative to see If It la in good cun 
illtlon and that no damage has been done to It In trans 
imitation Should any damagt be revealed at this 
Inspection the static n agent should be required to make 
a notation of the damage upon tho cxiiense Mil Iceforc 
the freight la paid After this Is done the transports 
lion company Is Itahlc for thi damage If any and the 
buyer Is safe In unloading and taking charge of the 
engine 

If any timbers or asslatanca are neaded In unloading 
the engine from the car tbe transportation company 
Ihrongh Its agent Is supposed to furnish them If 
I h< transput tattoo company furnishes bad timber* for 
this purpose and nn accident 1* caused thereby tbe 
mire acceptance bv I he purchaser of tho bad timbers 
clops not place the responsibility upon him The engine 
should preferably be moved onto a flat top dray wagon 
without spring* in moving the engine take care to 
see that It Is properly supported at all times and see 
where each step In the moving 1* going to leave It If 
any sc ldtnt haptiens to the engine before It Is clear of 
the car or before It Is taken off the skids conveying It 
from tho car to tbe wagon the transportation comiscnv 
Is liable for the damage because being a local shipment 
the company la supposed to remove It from tbe cat and 
the purchcvspi is merely acting for the company when 
taking the engine from the car After the engine 1» 
placed on tbe wagon the purchaser la entirely n 
sponsible for It 

As an example of what may be encountered In nu 
hudlng an engine tbe following experience mav he 
mentioned An engine arrived at Its destination in 
good condition and the car was aet on « aiding near 
a pile of ties that were to bo used In unloading Some 
other timbers were also necessary which tbe agent of 
the railroad company furnished but these were not 
ns strong as tbe man unloading the engine required 
how< ver tbe atstioo agent Informed him that be would 
have to me them Ho went on with tbe operation* tak 
Ing extra precautions to brace the weak timbers bnt 
Just as tho engine wa* about half way between the car 
mid the wagon one of them gave way and the engine 
«<nt Into a dltcb upside down The man In charge of 
tlH unloading wont to the longdistance telephone and 
called up the general spent of the msnnfactaring com 
puny stating tbe rlrcura*tanc e* and asking for tnatruc 
Hons no was told to Inform tbe station agent that 
tbe engine could not be used and that It would he left 
on the railroad company s hands A new rngtoe was 
loaded at the factory the same day and shipped and In 
that case ample assistance was rendered In unloading 
the new engine The first engine wa* loaded by the 
railroad company onto a car and returned to tbe factory 
free of charge the bill for tbe necessary repairs was 
rendered to tbe railroad -ompany and waa paid with 
out a damage suit. 

After the engine Is safely pUcod on the wagon It 
should be conveyed by the safest and east eat road to 
tb* place of installation Avoid uneven ground and bad 
rtreet crossing* take plenty of time and be sure of 
every move Alway* release tbe toam from tbe wagon 
while loading and unloading tbe engine. The unloading 
Is greatly simplified If two tranche* are dug for tbe 
wheels of the wagon ao that the axlra almost touch 
the ground In this awe tbe timber* on which the 
engine la handled wUI be more nearly level. If they 
are entirely level roller* may be need under tbe skids 
to which the engine la fastened If however tbe tim 
ben dope at an Milan ihould not be need Tbs main 
thing k to avoid hast*, and not to permit ujtttag to 


Interfere uutil the engine has lain i laced cii the foun 

IMflAll ATIOT 01 AUXlUABira 
I he next thing U to select a suitable place for the 
I cattery box This place should he dry uud free from 
vibration Tbe wiring Is now ccmncttcd If natural 
gas is to be used sh a fuel It Is necessary to have a 
special mixer which will be famished by the menu 
factarer of tbe engine All that is necessary is a gas 
bag or tank and piping to allow tho charge to lie druwu 
quickly Into the cylinder home ci glues use gasoline 
for a start and then switch onto tbe natmal gas while 
ethers start directly cn the ms If tic ingluo will 
stsrl on tbe gas then Is nc re hm n for vising ui* 11m 

If liquid fuel la to be used It Is advisable to piste 
tin fuel tank outside tbe building and It la still latter 
to bury It In the ground After the tank lime lain 
burled In a suitable place It Is an tsmy matter to ar 
rouge the piping to the fnel pump on the engine As far 
as possible this piping should he underground as It Is 
out of tbe way A pipe for Lho fuel lcaaalng fiom tbo 
pump to tbo mixer and a pipe for the overflow lo return 
from tbe mixer bowl to the tank must he provided 
If the overflow pipe stops at the top of Uh fuel lank 
It will not be necessary to have a vent bole at the top 
of the tank as the air will flow Into tbe tank from tbe 
overhead pipe which will net always he foil of gaso¬ 
line ihe pump pipe should pass to the bottom of the 
tank and should be provided with a light screen to prt 
vc nt foreign substances from pawing Into tbe miter 

STABTlNG A NEW ENGINE 

AfUr tho engine Is properly Installed tho Oral thing 
Is to start It running This Is done by turning on the 
I attcry switch setting the needle valve in the starting 
position turning off the air damper releasing thi com 
presslon and giving the flywheel a fiw turns which 
will put It In motion Aftir the engine has made a fiw 
revolutions open the air damper close the needle valve 
to tho running icosttlon put the relief cam tack Into 
place and let the engine run watching foi develop 
menta It Is of cotim lresumed that all the oilers 
and grease cope have been filled and that all movable 
parts have lieen oiled with tho oil can Now see that 
water enters the cylinder reeling Jacket wllhln five 
minutes OT atop the engine as It Is not safe to allow 
It to run withe ut cooling wnter on the jacket It Is 
beat to allow tho engine to run an hoar or so without 
any load and to watch the bearings to see that they 
do not become overheated In case of doubt on any 
point slop the engine and examine It 

In c old weathor a gasoline engine Is more dlfiii till to 
start than In warm weather the reason Is lng thcct gaso¬ 
line In changing from a liquid to a vapor reclines Its 
tiinpersture about b> deg F»hr If (he air b> cold on 
the outside of the yllnder and the mixer haa taken In 
vapor TO degree* colder It Is easy to understand that 
this would Interfere with the proper vaporisation 
Hoiks It will be difficult to start the engine There 
are several methods of overcoming this difficulty either 
bv uarmlug the gasoline warming tbe air or by using 
one part ether and tour parts gasoline for a start this 
will make a llqnid that will vaporise readily several 
dpgrees below acre To warm the gasoline Is a process 
which Is dangerous and should only be attempted as 
a last resort It can bo done safely only by using hot 
water or a hot cloth The air may be wanned by brat 
lng a piece of Iron red hot and bolding It at tho mouth 
of the Intake pipe allowing the air to pass on r It as 
It gore Into the Intake pipe after which It Joins the 
gasoline vapor and beats It 

Motor Fuel tn’Gerauiiy 

A very targe proportion of the supplies of gasoline 
uaod by motor eon m Germany baa boon obtained from 
tbe United State* as well ss considerable quantities 
from Russia, and tbe Rut Indies It ts behoved that 
th—* sonrosa of supply have now been effectively eut 
off, so that outside of aooumnlated stock the wells 
of OaHania are the only ones from wbub fuel supplies 
of tins class eon be obtained and these wells eon be de¬ 
pended on for little more than erode oQs and these in 
no great quantities It is reported that alcohol and 
beam) are used axeluidvelT by tbe ears In the mibtaty 
servies, but the supply of aleobo! must be limited, si 
the grain, potatoes etc, from which it Is made will 
undoubtedly soon be required for food purpose* and it 
Is doubtful if the supplies of beniol an anywhere near 
sufficient In a machWmad* war aueh aa the present 
one pre-eminently b the question of a supply of motor 
fuel is a moat Important Item, and it will be Intonating 
to na how Germany will solr* tha problem. 
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A Great Railway Electrification Project 


440 Milos of the Chicago, Milwaukee & St. I’aul Mountain Lines to be Operated by Electric Power 


I'm (.'bleagu, Milwaukee- A Kt Paul Htllrmul lias HiumU power* aggregating .. .. T.300 kilowatts 

decided to electrify four engine divisions of IIh Puget ——— 

Hound limn, extending from Ilarlnuloii MonUna, to Total power detelopcd .. .. UH.SOO kilowatts 

Avery, Idaho, n totHl distance of nbont 4t0 mile*-, aggie- Further deielopmcnls, iwrt uf which are under con- 
gating approximately 050 ml lee of truck, Including sliiietloii, are an follows 

yards and sidings llient Falls. *7.000 kilowatts 

Work Iuih already la-cn stalled on the llrst engine Holter. :«U)W) kilowatts 

division, .x.iistsHiig of in miles of uialn line truck be Tluau|»*ou Falla.. . 30.1100 kllowatta 

tween Three Forks and Peer Isslgc, Montana awl ton Huake HU or.20,IX*) kilowatts 

tract', lunc lioeii lei In tile licncrn) Kiev trie t'ooi|wnv Missoula Hlver. 10,000 kilowatts 

for the electric Ita-omotlM-s, HUb-l ill loll apparatus anil - 

Hue material Power will la- ms uitsl fi oui tla- Misitana Total. ..17,1,000 kllowutts 

Power Company, which will also eoualruct the Iruiut- Total laiwcr caiault}, ilovoluissl 

inlaalon aud trolley lluea. and undeveloped.344,UK) kilowatt* 

While the four enirlne division* of 440 milt a emu- The seternl jaiwer sllea are liilercouiiwtcd by trims 
prise the client of track to ho djulpptd In the near mission linos supimrtisl on wooden |Hilea and ojs-rat 

futuic, It la understood that plana are helm urndi- to Iiik at fio.lXX) volfs fot the c-urllcr Installations, and on 

extend Hie electrification from lfurlowton to the ixatat, alis-l tow era and upending at 100,000 volts for Inter 

it distance or MW) miles, should the ois-rntlug rcaulta of Installation* Ample water stum«e iwpaelty In pro- 

thc Initial lnatallatlou pruie aa sal Isfav tory as antlel- vldisl In the lloligt'ii reservoir of IMlUOno acre feet, 

laitctl, siipplt-nn-iiltsl hv an auxiliary resortulr vaiwclty at the 

Tile |liana of the CIiIchro. Mllwaukis- A Ht Paul Hull- m-vv-iiiI |lower alti-a, which tilings the total up to 410,000 



fv-cdlng-lu iwlnta of the Montana power traiuuotaalou 
lines, a tle-ln tranamlasion Hue Is being built by the 
railway ooniimny that will ta-rialt fcedlug each aub- 
atatlou fioni two direct Inna aud fmtn two or more 
souicea of laiwcr This trausmlvduu line will be con¬ 
structed with wooden lades, aanpeualoti type Insulators, 
will operate at 100,000 \idta, ami will follow, In general, 
the right of way of the railway company except where 
advantage can lie taken of a shutter toute over public 
domain to avoid the necessarily clrcultoua Hue of the 
railway In the mountain district*. 

The humcsltate olcetrillcstlon of 113 mile* will lu¬ 
ll ude four anbstaUoua culitalnhig step-duaii traus/orui- 
cra and motor generator acts with ncceaanry controlllug 
swltchlaatrd appanttua to isimert 100,000-volt, fltu-ycle, 
(Incc-phaso power to lUKX) lolls direct current This 
Is |lu- lirst dirts'! lurrent Installation using ouch a high 
petv-nUul as 3.000 volts, and lids system won adopted 
Id preference to all others after a careful Investigation 
evtcuiHng user two years. Tla 1 3,h»>-volt direct current 
Installiillon of the llulte, Aumsmila A Podflc Hallway 
In the Inmnsllate territory of Hie proimsevl Chicago, 
Mllwaukis- A Kt. Paul elect i Lite ailuu hua furnished an 
excellent deiuotialiaHnn of lilgli-vnltage, direct-currant 
locomotive operation during Hie past year olid a half, 
anil the selection of 3,1X10 volt* dlrovt current for the 
t'hleagi). Milwaukee A Ht Paul was due, In a large 
measiiic. In the entirely siltlsfai till v |*-rfommu«: of 

1 he llillle, Amu Hilda A Paeith Installiillon 

’ITic is|ulpuu-nt for Hus road was also fiirnlstnsl hy 
the tieiieiul El«tile t’omimny, nud a ctmiiMirlsvai bused 
on s|\ niontbs' atisuu and cleitrlc opcruHou ahow-a a 
total net suilng of mote tli.in 20 |s-i cent on tlie Invent- 
ini-lit or total tost of the ell-el rlllint Ion Throe figures, 
of ionise, do lint take Into mi mint the lucreamsl rapac- 
Itv of the lilies linpiovement to the service, and the 
mine tegulai winking hours tur the erewa. The cum- 
INirlsuil Hlao shims lliut Hu- tuunngr i«r tram has Imsui 
I nvicnscd by 35 |a-r lent while Hie number of trains 
bus bis-n dis-ieustsl by 25 |>er (s-nt, with a .saving of SST 
(*-r i out 111 the time required per trip. 

SUBSTATIONS. 

The substation sllisi of the Chicago, Milwaukee A Ht. 
Paul electrified *ouc provide tor ail svciage lliteneu- 
Ing distance of aiipruxlmnu-ly 35 miles, notwithstand¬ 
ing that the hrat tustall.ittmi embraces 20.S miles of 

2 ins cent grade westbound nud 10.4 mile* of J.tMl 1 st 
icut grade castle mud over the main range of the Rocky 
Mountains With thbi cvtieuie dlstauro lietwccu sule 


way an- of rqss-lal Interest, us this Is the llisL attempt niiefisT The lloiigcii test-ivolr Is so located at (be slnHuns unit lunsldcrliig the heaiy tialflc and small 

to Install nud operate ilislili ImoniotlM-s on liiuks liisul wiiiers of the Madison lilttr that waler drawn niiumnt of feeder topper In he Installed, It becomes up 

evteiidlng OUT several engine divisions, under which tusn It ran HU|Hdy In linn the sevenil InstallutliMH on ixttcnl Dial muh a high imtentlal as 3,000 volts direct 

isaidlHon It Is claimed the full advantage of electrllli-n the AIiuIImmi and MNsuuil nuts, so that the same slur current la-rmlls of a inlotauuu Investment In oubsta- 

tloii nm Is- secured. The vatinns terminal aud tuuuel ngi lajmilty Is used a iiuiuInt of Hines, nlTonllug an tbrn apparatus and considerable latitude as to locsHon 

Installation* have Us-u made mss-ssary, more nr less available storage capacity ionsldcnihly greutn Hinii Is sitao. 

by reunon of local eiHidltluiis; but Hie elis tilllniiluii of tiivlliiitisl by the llgntes given It would seem, then- The substations will be of Ibe Indoor type, trmisfonn- 
tlils road bi undertaken inin-lv oil isouonile grounds foie In v Imaging fnsu cool to elislilelty as n source ers being tbiee phase, oil voided, and reducing from 
with the expectation that su|*-rlor ojicrntlng icsidt* of motive imwi-i, that Ihe rnilioml Is nni|ily pioVmtisI 100Ota) volts pilumiy to 22X10 volts aeeoadnry. at 
with electric locomotives will effect a stilHelenl redue- lit lespevt li> lltt icllulilllty and ixmllnulty of tlic pv>wer whlih putetittil live ayw-brvmnis motor* will operate. 
Hon In the present cost of steam opviutton to ivtnrn supply The transformers will be rated lJXXI and 2,000 kllovolta- 

nu altrnv-Uvo percentage on the targv* luveHtmeut re- Due to tlu- great facilities avullahle and the low lost aiu|ieiea and will be provided with four 2% per cent 
qulrcvl If the anticipated savings are realised Lu the of isiiiHtiuctloii under the favorable londltluus existing, tups In the primary and 00 per cent starting taps lu 
clcetili nm-mtlmi of the road this Initial Inatnllntlon the railway company will iwrehasc power at a contract the secondary, 

will lonsHliite one of the must Important milestones rate of 0OIIG3U vent per kilowatt-hour, bused mi a 00 The motor geucrator sets will comprlsp a 00-cyde 
III elis trie railway progress, and It should foreshadow jar cent load factor It Is cxiss-tcd, uuder these con synchronous motor driving two 1,500-volt, direct-cur rout 

large fuliiie develapmenta In heavy steam road eleetrl dltlism, that Ihe emit of power for liR-oiuotlvcs will he generators connected ls-rmaivcatly In series for 3,000 

ti cation The success of electric upv-ratlon mi such n vmisldciubly less than Is now expended foi vssil The vnlls. The fields of Isith the syui-hroiiuus motor mill 
large Mule will, at least, settle the engineering and i mil met between the railway and |siwer oompanlev. pro- dins t current generators will be separately excited by 
isxnionih iiiii-sllons tlrnt cnler Into the advisability or v Ides tliat the total electrification Is-twccu Harlow ton small generators direct conws-tcd to each end of the 
making such an Installation, and will limit similar anil Avery, iqmprislug tour engine divisions, will lie motor-generator shaft. The direct-current generators 
future piuhlrma to Ihe means of raising the money In nperatluu January 1st, 181b will Is- compound wound, will maintain constant |m- 

cxpcndlture required. lu order to connect the sutfcUtloas with the several tcuthd up to 1D0 per cent load, and will have a capacity 

The tint step taken toward elevtrlflcatlon by the 
Chicago, Milwaukee A Ht Paul Hallway was to enter 
Into a contract with the Montana Power Company for 
an adequate supply of power over the 440 mile* of main 
line considered tor Immediate electrification. The pro 
cautions taken, both hr the railway company and power 
runipniiv, to safeguard the continuity of iiower supply 
sbonld guar* it tvs? a reliable source of i«iwer subject to 
few Intemnitloiui uf n momentary nature only. 

The Montana Power Company coven t great part of 
Montana and part of Idaho with Its network of trans- 
mlaricn line*, which are fed from a number of source* 
of which the principal one* are tabulated below- 

Madbvmi Hirer . 11,1X10 kllowatta 

Canyon Ferry . T.500 kUowatta 

Hauser I«ke. 14,000 kllowatta 

Pig Hole. 3.000 kUowatta 

Butte, at cam tmblm . 11,000 kUowatta 

JUisUw Fall* 21)400 kUowatta 



PWila gf Uw ftart* fat aWr* wa a^wtay gn4m iM 













Oa a two per eeat gnd» fa the nnUbi of MmIui 


Ratoo Valla which will aupply part of the electric power 


(dm DC TO UCI IOM Of WHICH THH CHICAG O MUiWAUKXX AND ST PAUL RAILROAD WILL USB ELECTRIC POWER 
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for momentary overloads op to Om UmM their normal 
rating To Insure good commutation oa these orerloada, 
the generator* are equipped with commutating pole* 
and com pen** ting polo-face winding* The iynchronou* 
motor* will also be utilised as synchrotrons condaneer*. 
and It U expected that the tranamlaalon line roltage 
can be eo regulated thereto/ as to eliminate an/ effect 
of the Hoctnating railway toed 
The location and equipment of the several eubattalions 
Is a* follows 


i trollt/ (oflHtructioa will lie of tbe catenary type 
tilth a 4/0 trolley wire la flexibly *u<qwndni from 
■ol itUnury mipportod on wooden pole* the too 
(ton being bracket wherever tratk alignment will 
It mid crusasjian on the ehnipor tunc* and In 
• Steel supports Instead of wooden polo* will 
svl In yardi where the number of trntka to be 
id cveeds the pciHHlhllllke of wooden |>ol( ton 
llin Totea for the Brat Installation arc nltoady 


Number of motors 8 

Number of guiding truck 2 

Number of axles per guiding truck 2 

Total length of locomotive 112 feet 

Hlgid wheel base lOfeet 

Voltage of locomotive 2,000 

Voltage per motor 1/500 

Horse-power rating 1 hoar each motor 430 

Horae-power rating continuous each motor 375 
Horse power rating 1 hour complete locomo¬ 
tive 8 440 

Hoino power rating (ontUmmui complete 
locomotlvt 3 000 

linking Itsul capacity 2 per ti nt grade 1280 tons 

1 railing l««d iS|Mclly 1 per cent grade 2 500 tons 

Approximate speed at them loads and grades 18 m p h 
The Chicago Milwaukee ft St Paul Railway from 
Huthwtm t( the coast cronvcs four mountain range* 
The Belt Mountains at an ck ration of 1788 feet tin 
Risky Mountains nt an elevation uf 0*100 feot th 
Hiller Knot Mountain* st an elevation of 4200 fei t and 
Lin (rosaili Mountains at an derail in of 7010 feet 
Jin Unit i hx trlili atlon Is tween lhrtc Forks and Deer 
I wise ialls fur Imomutlve operation over 20H mile* 
of 2 is r cent grade between Plcdm ait and Donald at 
the in st of tin ruuln Uocky Moantalu Divide so that 


3 per cent ruling gradea on the wart and anrt riepra at 
the Rocky Mountain Divlda with the halp of a ssoood 
similar freight locomotive acting as a pasbst Track 
prorlatou la being made at Donald, th* aum ml t cf th* 
grade, to enable tbe puaher tooomotive to ran aroead 
the train and be coupled to tbe bead red to perndt also- 
tric braking on tbe down grade In thto oaaft the entire 
train will be under cmnpri-alou and bold bat* by tot 
two locomotives at this heed end, the entire electric 
braking of the two loeomotivea bring under the 
control of tbe motorman In tbe operating ceb of the 
leading loiomntive It la considered that deotrln brak¬ 
ing will prove very valuable la this mountain railroad¬ 
ing for in addition to providing tha greatest safety 
In ota ration It also returns a considerable amount of 
energy to the substations and t ransmto dop system, 
which can be utilised by other trains dem a nd i ng pofwsr. 
In this connection the electric locamottvea will have 
electrli braking capacity sufficient to hold back thr 
intlrc train on down grade leaving the airbrake eqnlp- 
mtnt with which they are also equipped to be need 
only in emergency and when stopping the train Thm 
I* therefore provided a duplicate braking system on 
down gradiH whlth should be reflected in tbe greatest 
safety of operation afforded and the elimination of ■ 
considerable part of break downs whool and track weak 



3 000 volt direct cum at electric locomotive Moat powerful yet built 


on IK mi mi I mil llilil) mills jf |sIfm ait ML Wurk 
In this illu lim it III li | U"ln | with all >|ss>d and will 
Is n rliicd III l hi minimi i ifl I1B rcadr foi operation 
hi tli full in Hit dilltii) f thi (list UsouioUia* 

As the UKiilt of laitful inicsttgutlim and marl 
minis a nottl loustnslkli of trollev will Is bistallid 
■ iRDisimsI of tin Hoenllwl twin lonilrn tor trulkv This 
iimiprlm* two 4/0 wire* mispitided side by side from 
tbt sanu eutenary by link is lull nt haiiaera alternately 
t linnet ted to laeh tiollei wlri lhla form of construe 
tli n permits the collection of very heavy current by 
n uhou of the twin eontail of tbe pantograph with the 
two tiollry wire* and alai Insure* sparklet* cuUmtlou 
under the e\ln ran of i Ithi r homy current at low speed 
tr u>< it modi rati nirrcnt nt viry high speeds. It seems 
llmt thi Iwlu-tonduitor turn of construction U iqually 
Rilnptcd to the heavy grade* iailing for tbe collei tlon 
if viry luuiv itirrcid* and on the more levol irortlnnn 
of thi inllle whin maximum *|iisls of 00 mile* |ior 
hiur will 11 nu lu I with thi isisaenger trains having 
a total wtight if iwr 1 usi linn Tbe advantage of 
Ihls tits if tiiislri II hi In due pnitly to the greater 
mil fan f r I hi i Ik tliu f urnnt lilt largely to tbe 
u ry gnnl fli \II lilt v of tin ultiruatily mispi mini trel 
It y wire* a finn t n nstns tl m wlilili illralnatis any 
Undcnty In flash nt Hie hanger* either at low or high 
sliced In hiding slihncs ist sing nnd void tracks, the 
III miles of n uli mil agi In liumtsed to approximately 
US' miles of slngk truk k It i rulppcd between Deer 
Issige and Three I rks In the Initial Installation 
r s luirmui 

rhe locomotive* n ts u mnifactuicd by the General 
Hectrk tompenv are f imperial Interest for many 
i canon* lh.y are tin lint lx- motive* to he construct 
ml for railroad sent i wlih hint lurreut motors de¬ 
signed for so high a pi li 111 I ts 1000 volts They will 
weigh approximately 200 t i aid will have a eontinu 
ous eupai tty x res ter than n v dram or elm trie locomo¬ 
tive yet fountriktrd Pcrhai * Hu most Inti resting part 
of the equipment la the eui li I which 1* arranged to 
effect regwrorativi electric li khg on down grade* 
This featvin *s yit has rnvir 1 cm anompllsbed with 
dlreet-curici I motor* m so lu i. n scale Th* general 
ehanvetiiIstks as pro|*i*ed «M I iliiluled Is low 

Total w drill jnOtou* 

Wright iui driver* -MOton* 

Weight uii each (fltdlog track aoteo* 

Number of ddvfeff axles ..... 8 


tile locoinotlvi s will be fully tested out as to tiulr 
iu|m Ity and xtntral strvke performance In ovimsn 
tag the natural obstaile* of the first engine division 

Tlu Initial eontrait tails for nine futuht and three 
pastangcr locomotive* hsvlnj, the above iharaiterlstlcs 
and similar tn all nsports ex* opt that tin. passenger 
lis-omutlvc* will bo provliksl with a gour ratio per 
mlttlug the operation uf 800-too trailing pasHongtr 
train* at approximately 00 rnllea per hour and will 
furthermore be equipped with an oil filed steam heat 
lng outfit for the trailing enra Tha Inti re tungreblllty 
of all electrical and mechanical parts of the freight 
and passenger eleitrli locomotives la considered to be 
of vi ry great Importance from the atandpolut of opir 
atlou and maintenance 

fbi cab rouslsts of two similar an tlon* ixtendlng 
prmtlcallj the full length uf the locomotlvi hneb sec 
tinn Is approximately 02 feet long and the cab roof Is 
aliout 14 fuel above tiro rail exclusive of the housing* 
fur ventilation The trolliy banes are about 5 fret 
above the roof owing to the unusual height of thi tiol 
liy wire whkh will be located at a maximum ok vs tlon 
uf 25 feot above Hm rail Tbe outir end of curb mb 
wUl contain a ootupartmiut foe the eufdmmr while 
tiro remainder Is occupied by the elot trie control equip¬ 
ment, train boater sir brake apparatus etc 
U0T0BS 

The eight motors for tbe complete locomotive will be 
type G B 263 A This motor baa a normal one-boar 
rating of 4*0 hone-power with a continuous rating of 
170 bone-power TT» eight motors will thus give the 
locomotive a one-hoar rating of 8440 horse-power and 
a continuous rating of 8000 hone-power which makes 
It more po werf u l than any steam or electric locomotive 
ever built Tbe drawbar pull available for starting 
trains will approximate 120000 pounds st 80 per taut 
coefficient of adhesion 

I** b motor win be twin-geared to Its driving axle In 
I he aanve manner a* on the Botin, Anaconda ft Pacific, 
the Detroit River Tutmet sod the Baltimore ft Ohio 
locomotive* a pinion bring mounted eo each end of the 
nrmatnre shaft The motor Is of the oommutating pole 
type and baa openings for fo rced ventilation from a 
motor-driven blower located in the cab 

Tbe freight locomotive* are designed to haul a 2£Q0- 
ton trailing load oa all gradient* op to 1 per cent at a 
speed of approx lava tsiy 16 mSca per boor, tad this 
mm txatalrad onbrokse wffl be eaitM ores 1M and 


anl ovtrbiatliiR wltb consequent reduction in main ten 
umc and Improvement In Iraik conditions 
With the completion of the remaining engine dlri 
»lon* It 1* proponed to take advantage of the poaetMU 
tlos afforded by tbe Introduction of tbe riectrio loootno- 
tivo by combining tbe present four steam engine dlri 
slous Into two locomotive divisions of approximately 
220 mile* length changing crews however at the pree- 
i nt division point* As the electric looomotlve need* 
luHpcc tlon only after * ran of approximately 2 000 mile* 
require* no slops for taking on coal or water or layover 
due to dumping ashes cleaning boilers or petty round 
house repairs It la expected that tbe greeter flexibility 
of the locomotive so provided will result In considerable 
change In the method of handling trains now iimi«*<1 by 
tbe restrictions of the steam engine 
The electrification of tbe Chicago Milwaukee ft Bt 
I’aul I* under the direction of Mr O A Good now, 
assistant to the president and In (barge of construction, 
ila field work I* under tbe chargo of Mr B Beeuwkw 
electrical engineer for the railway company 

HandHnf Freight by Motor Trodu 
A raw year* ago an Innovation appeared in the way 
of a motor-driven truck for handling baggage In a few 
large railway passenger stations, and store that time 
great progress has been made In adapting the systam 
to the handling of freight, with the remit that tha mt 
baa been very considerably reduced An lnstanae Ilia* 
trating the advantage gained la tha report of the experi¬ 
ence of the Central Georgia Railroad in handling cotton 
between the piers and storehouses at Savannah, Where 
by tbe old methods of band labor th* oast was a 
over six osnta per bale, which the electric trueka driven 
by storage batteries reduced to about two and ore 
third cents Portable motor-driven Jib crane tafd fw 
were {hen added, and these brought tbe coot, tndndtng 
fixed chargee, m ain ten an c e and coat of power, to abet* 
22 cents per brie TMs ti a remarkable ehowfeff to 
view of the tort that the riectrio outfft la to nes only 
about few swath* each year By the tme of fee load* 
the tracks eta be loaded at the rate of a MO pomyd b ale 
every twelve second*, which Is mach qrirter flow totri 
loadtat and ran be to* up an day width I* m too 
case with hand labor Brito the -ran* saritm ritow, 
id by th* net of ritotzfo pm* ttaraM U addtkwU 
ravtofftettafl. 





rati ucal algebraic polynomial ran ho tabulated by the nbont 1883 In 1888 no find tin* Unit Ijpewrlter at mint direct mi thud an I whs IIii one lined by rascal 
method of difference* Thin In abown In nlgibra It la tachmeot Invented by rodium The implex I ucnpto- In 1(H1 ( ortnln mini ilim on till ■ h n rklng on the 

true that many other fnnetloini for Instance logarithm" miter Invented by Dorr E Felt was put mi the nmr mkioi principle haw li i lulll lut limit ail of using 

ran be calculated by the aame method of difference* hot about eight yean ago I hi finder a pen II or »1 u| »(i l | lut tailed a atyloa 

The method will not apply throughout the whole aerlea Many petonta on rale-elating mathlnca have but n la la | laced throoi.li tht wli I a I tlwccn Ibi letth of the 

of logarithm* but doea applv with Hulllclent nccum y autil by the ratcot Ollkc and under the circumstances aim la 

for a group uf a large number of conaecntlTe terma I it u* |ul I In nuinhtr 11. Into Hie Mini blue We 

Thereafter a new itart la made for another group I In i Hit lligirln Ihi 1 I aulli u of thi liiiiiilmdit whi tl 

Babbage lueented hla mat bine Inttndlnt, nrigluatly to tAm. hi i i nil down Wi tin u j ut tht lln„i r In Hu 1 place of 

apply it to the calculation of logarithm* aa will aa to MO? * X r H H r ,uw wlMl1 u,Ml ' Ml1 d ,WH Al1 ' 1 Ml "" l,M - ll "“ 0 

the calculation of all aorta of nautical and ttatiouomlcal aEs’P Jte a HT S fl Hi f thi mn hlit la of touna doti nulned hy tht 

teUea When he waa about half through with hH Drut r w ‘•it «i ■—H Blfl—■ uuuilier of lolalUtr wheel" of which I haw leprcsciitcd 

or dlffarcooe machine be decided that U waa not good -fe, p Jf" [J [|j| onlv two 

chough, and In rented what be called tba analytical 'o&ridtaiy ,3f|j f arryfap ifukanUm Each totallrcr wheal la imp 

engine—a calculating machine that could compute any Pe-BhH piled aomtwhtre mi Its tlnamfcreneo with a rarla 

arithmetical rraolta that could be computed by a human U* 8 tlon which mtthanltally iletermlncn the lotatlon of the 

hsuny Txtr tnatanee It would extract aqnare root, cube 0 carrying point an I whlfh arithmetically corresponds to 

roeg, aetre aquations by Horner* procnee, and *o on riel F, a2 the 0 tj,,, flnit Ht, p Bway trim Hu 0 Is 1 both me- 

Howartr thi* machine waa never built The principle It will therefore be lmpowrible for me to nfer In any ihnnhallv anil ailthmctleallv thi setoud atop 2 and 

on which it depended waa atmllar to that of the Jar more than a few of the mechanlxma described Mora so 111 Ihla variation on the totallrcr wheel la ordl 

quard l ea n Many of you have doubttoa* aeon a ma over for the purpose of convenience the sketi hia which uarlly a projei Hon like a pin as In the Wahl the Bur 

cUna, Controlled by g aarlea of cart* pierced with boles I have made are diagrammatic and follow no portlcu roughs Hu Itninavlga anil other machine* On the 

which waavws a portrait aay of Georgs Waahlngtoo lar machine other hand It may be Instead a drop or fall ir 1 mt 

Babbaft pr op p ed to Juggle with number* In the same lUieg Machine* -Our system of numeration la a aa In the Howieson and other mncbluia Of tb< vari ma 
—an Ow Jaoqaard loom Juggle* with thread* It decimal ayatom We count In cycle* of ten After tarrying mechanism* possible I will now explain the 
a amtettodi project but waa not fulfilled I reaching ten we atari again to twenty then to thirty i>riiic Iple nr Hh one Illustrated In Figs 1 and 2 Some 
hart IDifl V* ho dk tl*d ftqd l** pint Of hi* " wiSinlmu and so 00 Of course we have exetpHon* namely thing slmllni Is need In the Wahl marblni 
Tha> aia p«t a* rtmpte aa t^r mlgbt be Babbage eleven twelve, and thirteen Lctfrallv however we In the tctallxer there are two sola of gear* the 
— ) ndUptilli that to mete tba n wall tire 0f hi* should say ten one too two, and too three While we total!*r gears proper T aiul the Intermediate wheel* A 

Wotfe, be ma thg I rat to graduate the screws erf the arc able to twist oursHvea anil our mind* Into all lach totall*r wheel has ns shown In Fig 1 forty 

l4Ue *wh ^t* l*fkrr Be *pe*jt a oewtederabl* ism sort* of knots meehanlam refuses to he so aeeomniodat lev Hi and a prijeclli n P tc Hu left fir eaili ten lei III 

at teMayadtteWWd kite ky tb* gmirnnwil of Engtend, tag and In a decimal mechanism 1 leven b* always ten 11a nmulxr of teeth uinhi Hie Intermediate wheels Is 

■' ■ , - i .i v .-s i ^ j . . - j —m u god nothin* die We tlml that almost all arlth of no Importance If one of the wheels T be rotated 

g* * teatttel teaebtoii r apmant tba mabar by marhailml tb*u In dot tta* tta carrying prajaathm F will aogage 
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™L h ^wT_“r5"f u “, "?* “ d fc 'n 1 ""' »“■» -I" rtriM Ik, H 

Bf B^javfa I, Brocks and BapMoad F. Bum mi iulta e hanaotonsth. ofthla Instrument wow obtained. lubricating „i|„, |„„ Du- „{|h gradually lu-came dark 
ftcowcacanr* <■ one of tho most striking character- Pnm>l»Hon through Fullers earth is an excellent and colrm-d and resinous. Dintill»iion of (hr latter Hark 
Irtlna of petroleum diatUlataa, but It* cause l« not known, woil-kno ‘’larifylug ami Mooching oil*. colored oil », mean, or will. superheated Moan., yielded 

01 r '** Mtborltiei ftltribUte '* 40 m L hit{hly fluor,w ' >nl lubricating oil wo* oil hating a Mulsh Ru.mw-enc-. Repeated washing with 

d “ With , thU . P hCT r M ' n °r T ho “V™ ? . Wo " 1 luh « '» u ’ k <' d «i‘h fi™ alkali n™,™ only a small part of the coloring matter. 

“V V ’ W dtuHlatoa from Pennsylvania andI certain other pHer » earth. Tho ro.nlt.nK oil waa very light in color Shaking a part of a sample „f pale rng.no ml with nitron, 

ennle petroleum, have a marked grooni.h fluorescence, *>ut highly fluorescent, and who., a little tarry matter, ueid Tor :i minute., follow.-d !,v washing with water and 

and the trade has come to ae«*<dat« this property with wh, " h «™ ! | brown nonfluornHOonl Kolution. ... keyname, tlltering thnoigh Fuller’, earlh, gave a I era ro«lno.... 

BrnniyWaida oil.. For eome uses it I. common prae- w « “ dfld ■» lt ‘« «1 until the color matched the original light eolon.l oil, very .imilar to that obtained by *un- 

rtne to debloom, the oil. hj .un-l.leaehlng or liy the o.l the two t*>ubl not he dl.tmgni.hed. The tomt hleaohing. Oxide. „f nitrogen, generated by tho action 

addition of nertain "deWoomlng substance*. The .nb- material I. therefore only slighUy absorbed h.v Fuller’. or diliiP' nitric arid on a metal were then tried and it 

jeet therefore haa wire practical a* well a. theoretical ™rth, and im probaldy not of very great molecular com- wn* found that the.,.n-Mcachi-,1 oil,-mild matched with 


addition of nertain "deWoomlnK” substance*. The .ub- material i. therefore only slightly absorbed by Fuller’, or dilute nitric acid on a m.-pii wen- then tried and it 
jeet therefore haa wire practical ae well a. theoretical earth, and im probaldy not of very great molecular com- wa.fo.in.I that the .iin-M.-ached oil .-mild matched with 

1 * . rwijiwt l4i Mih»r iind |»ni\W«l the lemprra- 

KTHper eontWem that the fluorewenw or mineral oils whilo working on tho oolloidul am»|»on*inn thmry, turn of (ho oil wuh mil p«*rmiiu*l io rim* above lOdeg 
la due to their eolloidal charnoter. Crude oil. and the "* raarko.1 noluhility of sulphur iu minora! oil. wit. Cent, before washing with dilute alkali. At low lem- 
haavier dirt 11 late, are optically lumhoinogeneou* and A’200 oubir oentimoter sample of alight inmOutic pern turn. nddition of oxide, of nitrogen to un*aluraD-<l 

•how a markod Tyndall effect, but thi. prniierty nannot «• ww heated m 1(10 deg. Cent, with an exes, of flower. com|N.iind. prohably result* a. shown bv Jegurow. Cn- 
be considered aa Indicating colloidal properties nince of .ulphur, flip-rod hot, and on cooling about 0 ii gramme lr»< the ml i. chilled Iwforr passing in the oxide, or ni- 
rnany organic compound, having large molecular weight. «*f "ulphur ery.lalli.ed out dulwlin’ .tat., that ben- trogc. oxwlation appear, to result, aci-omiiniiu-il by rim. 
.how the Tyndall effect when in true .olution. Sehnci- »»e dissolve. 0.S per cent sulphur at 20 deg. Cent, in Ictnpnwuiv. darkening in color and formation of 
dw and Just* claim to have ohnervwl ultrnmiei«M.xipie It I. extn«mely improluthle that a WnWc colloidal mwp<>»- n.inous material. No method of rennulng the resi- 
Ijartiole. In a “yeUow mineral oil” and a sample of B j nn «° uW exiat in which the solubility of one pliaw in u ou . c<,luring mnttiT without at bwl |»rliullv n.toring 
, ptfKfllno oil ” Huldn. J K1 utiyliifC tho phynmuJ mind 1 lion 1,10 olln»r is iw hn in llm i-bw of wiilphnr and potru- the hlundi rtiionwnimt wan found Thc» on (he 

of time wrnpc in grea«>. Htat.sl that colloidal particle. "«"• color of the oil or nitric and iu .iilphurie ai id, when u»<d 

are not dlaoernililo a. .nnl. under (lie microwope. It. m ' arl>on diaulpliide added to a fluortwernl lubricating for reflmng,.. well known ami eon.titutea one of the ail- 
prnhahlo, however, from the rewnnd.es of llolile that ™* th" fluoresiwnen almost to the point of ox- vantage* of acid made by the i.inlael prop... over that 

.Itch greaws. aa well as oils containing aaphaltio nr <metlon; what nmiams is dark greenish. Before making mode by the chamber iiielhiHl. 


I cm. the oil i. chilled iM'forr passing in the oxides or nt- 
Inigen oxidation appears to result, oocom|>aniod by rise 
in leiniierature. darkening in eolor and formation of 
n.inous material. No method of removing the resi- 
uoum coloring mnttiT without at least parlmlly restoring 
the bluish Hiioriwenee was found. The effect on the 
color of the oil of nitric and in sulphuric acid, when uwd 


Unction; what mmuiii. is <lark greenish. Before making maile b 


Irur ar lutions. Hehulr.' claimed that ihn effect of willing U»*nglit t< 


tho exiHiriinents with the nltramicniseopc. I hi. 


"deWonming" .ulislanees, .nell as nil.nilM<n»il and in 
tronnphlhol, wax merely that of whling something having 
u high Mmclivo index, t.hti. making t.lm oil optically 
homogeneous. 


>r the sulphur HUHpeii.ion theory. ■ 


tlimry of Hehulx Ivasist on optieul homogeneity" 

Further exiieriment. with other wiheiil. showed that 
tho ehuruetcr of the lluorcwcncc was affeeu.l by the 
varioiM eoiiimon solvents in the same way a* in the ease 


rs, stiidusl by Kaiiffmann." Theeffn-t of the vnrimiH foruusl 


This theory of (luorosis'nee of miueml oils seemed '' l '' ditmiino ilenvulivi. of ten-phthniie acid mi tliyl 
very plonsilile. However, .iui.i many exatnplm of non- stiidusl by Kaiiffmann.' Theeffn-t of the v 

fliloreseent olisi-resinoii. miliilions and niixturiw are "dvenlH was even more marked with .olution. 

known, and .inoe llio fluoroMsmis- of mineral oil. p».r- purilhvl llmmwenl inalerial ileMerilHsI la-low. Th 

Hist, after rti|x-ahsl diatillalioii and i. quiUi markisl in r,H eenee color, olnu-rvisl were a. follows: 
distillates boiling n. low a. 2C0 di-g. font., we ls-ln-ved \"')l "lisil.il . ttrilllant sky-lilue 

that resinmi. or o»|iluiltie mat ter could not he a eon- llenxoi' p!mi ^ JJ^"’ "" ,,,M " 

trihutlng factor Our ex|M-rimenta have shown that, iu I'arlsm iltsoltkie K.lm snsn. mi nine 

general, oxidising agent, partially or wlailly ih.lmvisl flilororuroi lllul.li «n™, |i*min« Inio .ns-n , 

the fluoiviHconee. Certain fact, suggested Pi HH that „ 

aulpliur nr earhon in colloidal miHpoimiou might Iki the Ue^Iin in',' r " P 

.®mu- of the phenomenon. Nlalilo eolloidal suspensions I'licmti (innthh Islun 

of earlain in water anil various organic liquid, have been I’jrl-llne , . . Illulsh ims-n 

pre|iar.sl‘ and diwril.sl as iimilhiorewent and bn.wii ln 'H"" 1 «ho addition of small amount, i 
P. liloi-k In «ilor. Sulphur, on the other hand, often '«’Ht« having high refractive indiee* has pnu-tieu 

hIiowb bluish ...lor. when in colloidal degns- of di»|K-r- 0,1 t,M ‘ Ibion-wenee. The effort of whling 

sitm, and the blue color of ullramarino blue is undoubted- "oiiiihuiiuIh therefore must have an explnniitioi 
ly aaitM-d liy mwalh.l eolloidal .ulphur" fenuit front that offer.nl by Hehnl/.. 

We have sueei.shxl in proving tlinl isilloidnl hiiw ' r,M ' introduction of a nttro group inP. the in. 

pension, have nothing to do with the fluorescence of " Ibiorewx-nt bcnxol derivative, sneli a. the 

mineral oils. phi Italic caters, completely destroy* it* llu.in-Me.-ne 

Working oil the theory that illtrniiii.-nisn.ipin parti- "I'Kcnr. that, a nitro group in the mil vent has the 


was We then made a scrie* iff .-x|M-riment. to .lep-rmine 
tho the eh.-iiiieal pnipeiiies of the fluon-w-ent solislanee. 

The eflleieney ol sulphuric w-id, parii.-ulurly fuining nci.l, 
hat in removing fluon-seeiwi- i. well known It was found 
the that the wash water from freshly prepared ticiil sludge 
•nse tar. modi- by n-flmug lubriealing .ti.-k, wa* highly 
lb.vl Ilu.irem-I nt. Tills suggested that the fluorescent material 


solvent, was even more marked with solutions of the 
pa rifled lhl.m-M-.-nt inalerial .l.-serilNsI Im-I.iw. The llmi- 
ri-scene.- color, observed were n. follow.: 

\in> I nhsilMil . ttrilllant sky-blur 

IIi-imoI ... Pirn- ct<-*r Woe 

< 'orlaai ilPoltkle Kalm sns-n, mt blue 

Killer _ t-leir hl.ie " 8 

Uftniin . llli.e 

Plieiml , . . inssilsh I sue 

I’yrl-llne . . .Illulsh iinrn 


cent Hiibslnn.-.- was a lima- and n-mov.sl as a MiluliU- 
Htd| hale. Till- lull.-r h\|M)llie.is eon hnrdl.v lie true .ini->- 
diliite in ids do not exact the fluorescent material from 
the oil. A qimnlily of sm-ti llonres.-.-nl ii.|ii.snis solution 
Wio. mude alkaline and exlrnepsl with t-th.-r, bill no 
floor.scent mule-rial was obtained, indicating tlint tlu- 
sillxtaiie.- in .|Uis>1ioii is not u laisc, A dilute and solu¬ 
tion of tin- Hu*.res. ent sulisPinee wa. nearly 11.-11Iridinsl 
with liim- to nniove the excess of Hidplmru- ai-i. 1 , The 
flllcnsl w|Ii.siiih solution wu. evaporul.sl nearly to dry- 
ness and Hu- eryslallmi- resi.liie, i-ootaining siilphal.- of 


t en-sei. tho addition of .mall amount, of sol- lime, extracted with alisdiol Twelve liter, of hibri.nt- 


id, often mitB having high nffnu-tive indiee* hit. practically m, 

f <li*|H-r- "’•F.-r-t on the lluois-M.-.-nee, The eff.s-i of willing nitro 

douhli-d- coui|m»u.uIh then-fore must have an explnimtion dif- 
f.-n-nt fnim that offensl by Hehnl/.. 


ing distillate yielded in thi. way alaiul 1 gramme of an 
impure . ryslalliue nstidue wlu.-li was intensely fliion-s- 
eent when di.H.dv.sl in the diffen-nt wilveut. iiHtned 
above. Tin- amount oblain.sl wa* loo small to be 


The intnidnetion of a nitro gnmp inP. the m.ih.-uh- tlmn.ughly investigated, but we hope that ».- .hall lime 
of it lluoriMs-nt liemtol derivative, aiicli a. the ten-- an op|*irluiiitv iu the nciir fnrnn- Pi prepnn- a .pointilv 
phtball,- e*PT*, eompletely d.-*tn.y. it* fluon-*<s-n.-c. It of ,|,i H highly nil.-n-.ting mnlerial Hulll.-i.-nt for further 


. 11 tdtm gniup in the m.il.s-.il« . 


almut .TOO cubic centimeter, in onler to d.s-n-am- tin- •'“•’l-.sl effort, of other milvent*. We helieve tliot pos- 

viHoosity. The solution Was placed in a suitable cell * lhl >’ th " flu.iniH.s-nl aulMlani-c in minentl oil ow.sl this 

containing two round mpper pint.-, spansl 2 .-entiiiict.-rH ,,ro l K ' rt - v *’hh-fly to tho pn-sen.s- of one or .non- amino 

aiutrt. The nil lietween the plate* wa* siibjis-psl to a K T,1U 1* M aux.s-hnim.w lint, a* will Im *l«iwn lielnw. 

unit dlreetlon Held of HO,000 volt* pop-ntinl diffi-n-uc.. lh j* cannot. Im tin- eowi. Although wo have r.iiin.l that 

for HO minuUw withmil any visible i-lmuge in the lluon-s- "’ddl/ing agents destroy the flimresecnee, It I* pnihnide 


Kiiriirisiiig m view of the sulwlun.-e pnibubly contains one or nnin- .-ouipoiinils 

' ,ft * I***- of the lieii/iuc series n-sembling, or |*-rlia|is idenlinil 

fisl this with, chrysene, lluon-m- or pyn-ne. Hueli comiHUin.ls 

- amino an- known to lie fnrmisl by the pymgi-me ilissimposilii.n 

Imlnw, iff iiinnv orgnme subslunei-s. Klaudy and Kink, in 1VOO. 

n.l that Milalisl a yellow eryslalline substance, giving highly 

rohablc lliion-w-ent solutions, from the nxuhiiim iff 11 crocking 

ihy.ieal still. They give it tin- formula ('"II 1 *, 
r nitro- a large |ini|mrliini of the fluonwi-nt sulistnies- or 
10 deg. Ntilmtunei-s is roruusl during the distillation of llu- erode. 
Id.v im- This was shown by distilling a sample of Oklahoma 


conco or flocking out of any kind of substance. 

A sample of the same solution, earefiillv dr 
ealoiunt chloride, wu* fllpired through the limw 
papw and examined under an iiltrainicniHeojm 


tlial the uetioii of nlt.ro eomimuiids i* purely physical still. They 
"hi'-e we have luldisl N>()*, nitrausl kerosene or nitro- \ large 
lN-n/ol to ilii.irt-s.-enl lubricating oil. eliill.sl to 10 di-g. Hiilmtaoees 
Cent, and <l«Nlni>u<l llu* fluiimg-Ani-e. It is highly tin- Tld. was ( 


Zaigmon.ly-Hi.sIcnPipf typo, Imt. no purtiel.s whatever I'J'dialde I hat oxi.lnl ion of any hytln.-arltons isadd take crude 11 1 ntinnsplicno pressure and under a pmwnn- 


were visible. It'waa found tluxt uiile.. the oil 
aarcfully driod and Altered particle, were visible 1 
light oono. Those may have h«*en minute dropH of 
or dust. The fact that the altraviolet light <-o 
tnade visible to tho oye with bright flnorcwonci 


place umler the*.- i-oudlLions 


it., N’O 1 fi millimeter iff mercury. The distillate* 


1 the n,, ’"’ | .v odd. on pi ethylene liond. without .lxidatinn. ,,, si-ries wen- very much iiion- Ilium-* 
ater Th, ' n ' is *■** ,h "‘ possibility that such compound* a* Tin. i. also Iriie iff tin- dislillnles 
ie i. I>ienr acid and nitmhenxn! form nonfliinn-w-enl addition tilli.l at atnumphene pressure and 
hns nwNlwtii. or double eompmind*. sueli a* is the ea*<- with inillum-l.-r*. Punalls-I with llu* di 


no signlfleance *0 far a* the colloidal theory is i-uncomed, U.vrenu and ehrysem-. However, llu- simple n 


fluoreaoeut light 1* always greater than 


e length of the emitted 


t known to form such double compound*, greater proper 1 1011 11 


-rles wen- very much nuin- lluonwi-nt limn llu- latter. 
In* 1 . also 1 me of the distillate* fmni eoul when dis- 
Ihsl Ml Hliiumphi-n.- pniwure ami under a preiwiin- iff 
iiiilliim-li-i-M. I’antllel with llu* diffen-ne.- it should lu- 
ipsl Dial Hiilmluw-c* of llu- lH-nrsil M-ne. form a much 


’’nltni komsene" I* fully a. offleaeiou 


from ultraviolet Pi vl*lblo blue. Fur- for "rtitnUiiing fluo 


* nitmben- pn-s.un-*, puruftlne* mid oleflnes i-onstitiiling 0 


thermal*, tho ultraviolet oone contain* u certain amount, 
of the vhdhlo ray*. No more rigid J>n*ff iff Hie non- 
exiitenoc of ouhitanoe* iu colloidal *u'*pen*inn in care¬ 
fully purified fluorcacenco mineral oil eould Iu- desired. 


The following experi- ’ |*> 


nirnit i* interc*ting In this eonneetuin: A sample iff a 
highly fliiorcMcent lubriealing ml wa* ".Iclili.imed" hv 
the addition of nltmlienail. This nil wa* then wlinki-n 
out «lx time* with one-half it* volume of till per eeiil 


In order, further, to teat tho arrangement and eflleieney a,w, l«>!- aft" which treatment tho Win- fluonwenco had 
d our Instrument, a oolloidal gold ’’solutiou’’ wa* mode and exactly maP-h.-d a sample of the name 


l.-r cent of till- (nail Inr nbtaim-d bv distilling »« i'¬ 
ll i* also well known that 11.1 nunnw-rtit subKlnueiw 
known belonging lo Die parafltne w-ru-N 

Hulogenation dcslroy* file thinr.M-eii.-i-. a* is I. 
expected. Ilydnigeiiiill.iil also di-Htmy. it. 


by the formaldehyde reduction method, 


t treated wltli nllrol.mx.il, but shaken out w 


the Bredif metluu l. and one of pallad ium by reducing alw,ho1 in tbri way ** the first sample. Refining 


" Kajrsrr, "Hsadtiueh 4 Spocwampki." Vet. 


» lbs AmwW* f-1 Ic*i * "debloorfied" oil with sulphiine acid yield* n nu cxis-lleii 

■ •™ l fluorescent oil Identical in this n-siieet with that obtained of milking 
ProtwrtlM and donstltu- by wrflnlna original oil. The action iff nitro com- tin- l.s-l* 1 
senple," Vet. IV.. |i. usn. P° u nd* in neutmlixing fluoresnenee must, therefore, Ih- tlir.tvvi, nvvi 


s u. chem. Koostitu- purely physical in character, 


j. Cte*., si dtM), SISH: /Ml. Zlirti r.. 3 (l«W). the fluowwoenoe suggested that wliat t.nk | la.-.- «l. rii 
L ft. Mt this process was slow anPixidation. 


»*. j- put. Ckm., 38 U9JSJ, fill. 


It I* now t-.-|Mii-l.-sl Hint a French llmi I* making 
nu i-xis-llent -viiii-iit fr.ua 11 by-product In the pri.-.-** 
iff milking ln*ot sugar. Tin- semn that f.imm when 
the 1n-«>1h nn- IsilUsl. him! which Im. heretofore lu-en 
thrown nwn.v, eoiislsts luniel.v of I'lirl.-nute of Mine and 
water, nu.l fr.Mii Tll.tMHt tons of Im-b. tri-ated 4.0(11 Ioih 
of eurlmiinti- lime I* olitaln.-d; to this 1,100 bum of rln.v 
I* n.lileil, the rvHiiltlng prialuet l.-llig :t,l(t! toil* of 
.-x.s-ll.-iit mm-iit. The sriim 1* pum|Kxl Into large tank*, 
where It I. allowed to dry iwrtlnlly; (lnelj divided clny 
I* then mlx.sl with It; the mixture I* thoroughly am-1- 
gninal.sl by lositer* for nn hour and burned In a roli.r.v 
kltn, much In the *aiu<- way os Portland cotucnl. Tlu- 
cllukBr 1* then removed and pulverlaed into ivsnent. 
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MWtAP.M iDriawan HJvw,about 1 isOado«BDeop- 
WtiMr Mat cue*, -with apparently ample room lator- 
•Oy. bat very Httle depth Tbs bottom if oven, bat tito 
ebattsd depths in everywhere lam then the drought 
of stthsr (Up; tidal depth not known The A (845 feet 
hy 40 feet by 98 9-36 feet drought) overtook the W (328 
feel by 41 feet by 83 5-24 ft feet drought) on the letter ■ 
port bead, paeang at distunes venous) y stated os from 
7S feet to 800 feet, tbs soort favoring the smeller dla- 
tanee, ee bom mors reliable witnesses ‘Before the A’s 
bow Was opposite tbs W s bndge tito Ws pilot ordered 
the wheelsman to port the helm berenoe he taw 
tbs A was eomiDf too dose When the A’i bows gut 
abreast of the Ws bridge, he leys he told the captain 
to alow tits ship to half-speed and that when her stern 
got somewhere about half way between the W's fore- 
rigging and the bridge he had the eaglee stopped that be 
than asked if the wheel was a-port and that the chief 
oUecr replied that It was herd-e-port that he then 
want end looked himself end found that it was so 
end that the A wee at that time about 75 feet to 100 
feet away ” When the A’s stern name forward of the 
W a bndge the W took a sheer and struck the A a glanc¬ 
ing blow upon the starboard quarter about 35 feet from 
the stem * This sheer of the W the pilot oooounts for 
by what he oalli motion Both Yoesrls had to re¬ 
turn to Philadelphia 

The oonrt referred tr the cases of the Folsom tho 
1 ‘Cleveland, the Unit tho Mend and tho Brock 
ton ” The eases above referred to judicially recog¬ 
nising the exutenoe of the fono called suction and Its 
power under favoring urounutancea to draw one vessel 
towards another, eannot be disregarded by this court 

Case 36 Maaaha - hmith - Aurania ' on a 
bright July day in 1898 m the dredged channel in lake 
Bt Clair above Detroit In 1898 the St Clair C hanncl 
was 360 feet to 400 feet wide by 20 feet doc p tho Detroit 
channel 800 feet wide, and of <qual depth As it is not 
stated just where the collision occurred, both widths 
are given in Fig 14, which u drawn to scale as to the 
lengths of the ships and tow line but not as to lateral 
distance*, which are unknown The ease u cited as an 

the diagram than from tho ilawription Tho 8 was ap¬ 
parently not affected by the M until the Aurora was 
■net, although the first two had been traveling at not 
widely differing spoeds The S recovered from her first 
sheer, apparently caused by her bow entering the Au¬ 
rora s ’ lateral depression but took a second and un¬ 
controllable sheer just after passing the Aurora 
' The ‘ Aurania s' helm was hard-ported and the Au¬ 
rora’s' engine stopped and the lever controlling the 
towing-maohlne on the Aurora released so that the 
eaUo might reel out them bring no tune or opportunity 
to let go the line on either vessel but so extreme and 
rapid was the shear of the B that she struok the tow- 
line at nearly a right angle about 100 feet ahead of the 
‘Aurania,’ parted the wire oable and then swung around 
the bow of the ‘Aurarna' whioh struck the B on tho 
starboard quarter The voeseta name together with 
great foroe driving the bow of the A to port and straight¬ 
ening the B up m the channel, so damaged that she filled 
and sank after going a short distance while the A with 
bows badly stoved forged ahead and drifted diagonally 
down and across tho channel until sho brought up on 
the bottom aided in this by a stern anchor whnh she 
bad let go' 

Case 86 ‘ MartoUo - Mesaba, September 22 1900 
1043 A M , New York Lower Bay entrance to Otdmy 
Channel, Fig 13, hut by tins date dredging had n dui i d 
the slope of the bank to about 10 feet In a ship s length 
Nor is the plaoe of collision so exactly located as in the 
ease of the ’Aurania -“Republic ” An ebb-tide of 1 
knot was with the ships Both ships wont down the 
old Main Ship Channel They passed Bandy nook with 
the "MartaBo” (370 feet by 48 feet by 28 feet draught 
10 knots) mid to be ono-third mile ahead of the Mesaba’ 
(482 feet by 62 feet by 39)4 feet draught Id knots) 
but if tins gap was closed by the time they reached 
Oedney three oould have been a difference of only about 
2 knots m then speeds While the' Mesaba was paw¬ 
ing the ’ MarteUo” on the northern side, • probably 
tram 100feat to 160 test ' distant, when the Martcllo’s 
sun was about abeam of the Mesaba s amidships or a 
Httie more aft, the ‘Marteilo’s’ bow was seen to turn 
to port toward the ' Mesaba,’ and it continued to turn 
taeralapfcBy a* the ’Mesaba’ advanced, until the bluff 
of bar pert how, about 20 foot from her stem struck 
tho ntMfhoard quarter of the ‘Mesaba,’ about 100 feet 
forward <1 bar stem, a violent blow The‘Mar- 
MM’ was obHqad to return to New York, while the 
’Mamba* Qomtimed hs« voyage” The court hrid that 

> nariaa waathafa u »aof'>ht anHMon 

Chao 91 1 “North «*r M .“Nounnahsl ) ” September 28, 
WW, 4 P. M. fiwaA Okaasri, New York Lower Bay 
Ofe 13. Jntf beyond the aorthan edge of whwh, where 
the aasMra bank sf Awash Channel la steeper, the eoL 
hrikw hwmrriii). The yacht N (247 teet by 80 feet by 
10 ft** M M to* dMh*ht, 16 knots) was overtaken oa 


her starboard hand by the V 8 (320 feet by 46 foot by 
18 feet to 15 feet draught 17 knots) When the yacht 
wae about 600 feet ahead of the N 8 they wan ap¬ 
parently something mon than 100 feet apart but wen 
dmwmg slightly nearer and whin the N Si stim 
reaohed a point about oppoeito the bridge of the yacht 
the latter being infimnnd by the N Ss mr turn turned 
towards her and lht y reads inmo togethir notwith 
standing a starlmard thou hard a-port htbn on tho part 
of the yacht There was no (hong© id the touree 
of tho N B The collision <*n be atoountid for in 
no other way than as a result of sui turn Th. N Swns 
hrid solely at fault 

Cok 39 Denver - Lohigli March 31 1900 & 15 
P M New York Lower Bay lidow V> < st Itank I ight 
The steomor D (390 feet by 17*jfitt to 21 f,x t drought 
12 to 12Mi knots) overtook and partly pas*d the sea¬ 
going tug L (150 feet bv 16 f. at drought) ( almost as 
fast ) The L was following a slightly <i nvcrgtng 
oourw on tho D s jmrt hand at nut 150 ft 11 distant 
When tho stem of the L was abreast or slight I j forward 
of Iha port sido of tin D s bnilgi th. L whi h was bouml 
up llarltan Bay to D s starlmarl slowed hrr enginis 
to let the D gt l will ahead and was instantly taught 
in the su<lion of that \i««l and drown against Wsidt 
con tut occurring with tho bow if the L against the 
D s port quart, r somi 40 fret from the stern with thi 
tug at right auglis with tho steamship Court held 
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tho L at fault for slowing when by sh< sumndtnd a 
certain amount of pow i r and lx* ami h ss manage¬ 
able Damagoe wm divided lht »altr »os 2tl fwt 
to 31 feet docp with is. nurkid lumps in th. Isittom 

Caeodl Saretogu Taunton Junt 17 l f K17 Diln 
ware Itivtr Horseshoe Bend (pig 15) Mils is nn in 
Kresting case of bank-sheer 3lit S (440 fist by 4) 
feet by 18 fett drought) coming down th mir ut S 
knits with a helping tub of 2 11 knots slrtuk an I 
slipped off the seven town fis t lump at bu «v ( 17 

sheared suddenly about 4 punts at rose lht lutninl 
and i uUided with tho 3 

Case 43 Panma - Pruuossra Iron. April 4 100S 
New York Lower Bay 700 f.. t to 1 000 fix t north of 
tho but y on point of tho Bhool botwocn Main Ship and 
Bwash Channels and 1 700 feet to 1 SU) foot wi ->t of 
the rad twU-buoy No court decision was evtr nntlired 
on the facts of this case the following outline 1 ting the 
result of the author i attendance at lht Inal Tht P 
(336 feet by 42 feet by 213 foot to 2i fett drought) was 
going down Main Ship Channel at 10 knots wlun 
she was overtaken on her starboard hand by tho 1* I 
(624 feet by 00 feet by 22 6 feet to 24 8 feel drought) 
at an estimated speed of 13 8 knots The ebb tidt in 
creased those speeds about one knot and altered tlunr 
apparent course 4 degrees or 5 degrees eastward When 
tho bow of the P I was abreast of tbc P s mid-length 
and from 160 feet to 260 foot distant the P sheered to 
port, ran over the perch-and-equare buoy, and ran 
aground The P libeled the P I as being the overtaking 
vereri and the oafise of her going aground 

The case u, In the writer a belief, a plain ease of re¬ 
pulsion of the leading ship during the first pliant of pass 
ing The wstsr, which shows a general depth of 31 
feet to 82 het (phut 3 feet of tide), is amply restricted 
to aoOMut for tbs sheer, which took plaoe against a 


hard-a-port helm In addition, the 1 40000 chart of 
New York Harbor shows a angle sounding of 22 feet 
at or just north of the place of sheer but a chart of 1 8000 
w In. h appeared in < ourt dtd not fully corroborate this 
lump But even without it a sheer on tho part of the 
smaller ship passed at such speed and propinquity by a 
ytwstl of over three times her tonnage drawing mast 
of tilt water m the channel would be only natural 
This cost m of further interest in that the officers of the 
P I wire not aware until they reached Germany that 
their ship had been regard, d as ennneotad with the acci¬ 
dent in anv wiy 

( osc 44 Mont.rty United States April 16 1908 
1 30 P M N. w York Isiwnr Bay Mom Hhip ( hanncl 
just abovi llu i ntron t to Swash ( hanuri in almost 
the idonUi&l H|x>t of ( aw 41 rxi.pt further toward tho 
westward aid. of tht ilinmul Weather dear wind 
light tide last of tlib ml ting 0 8 feet btlow the mean 
low wafer of tho .hart soundings Tho twin strew 
steamship M (441 f.ot by 47'4 fest by 20 f.et drought 
12 knots) was ovtrlaktn aliout abnost of the boll 
buoy and wt II oyer to tho w slcriy edge of tht < haanel 
by lb. U S (jOI fret by 58 ft t hv 27)j r«t drought 
15 knots) whi h was lonytiging on tht M s .nurse by 
a lutlf point Tho (ltaranc. was statid as anything 
from 7 > fret to 800 foot (thi. tntin width of tho channel 
being 1 100 f. 1 1) the court fayonng 100 fret As tlu 
l Silnw up abreast the h.lm if the M was kt pt steady 
a port a t autu n to the wheelsman to k.x p her perfi (tly 
straight and .ounUnut nuy tiud.ncy of the vtssda to 
v.or together Whtu the IJ b was from ono-third to 
ooo-half post and tho low of the M was opposite a point 
alsuit two p» mta a) aft thi Inara of tht U S the M turned 
in tin dire tion of the l S notwithstanding a hard 
a |s»rt helm and tho start oard i ngin. Is mg pul full- 
st amnstim and tho port ■ ngino l. mg ki pL going ahead 
to assist the port-litlm l!|sm its being found that this, 
pre autions did not liav. th d.Bircd otTw t both engines 
win rtyinsd at full sp.ul but tlu iollixion o<iurnd 
the how of tho M sinking tho starlsianl side of the U S 
at an angle of alx ul two ] omls Tht re wen two l lows 
on su .0 ding thi nth r almost immediately 3 lit 
U S was damaged to suth an . xt.nt tliat it was necessary 
to Hath lur The M was also s.nously damaged but 
si i n main, d nflo it 

1 lit lump in tlu bottom of this channel m.ntloncd in 
tonnt lion with ( us 41 apjarenth txtinda ml inly 
ner ss tin i lutnntl Tho di pill at tht, blot k spar buoy 
oppenlt the red hell I uo\ was 2b 2 fet l that dn\ (on 
sid. ring tliat tht M whi h must haw lain .lost to this 
bu v was drawing 20 f.t t whilo tho U H dnw ovtr 27 
fut th. sllghUxt lump in the bottom would auffieo in 
nldlli.n to th. half point or conv.rginc to develop 
i su t ion slit. r 3 li. luti ml pr iximit v if I he bank on tho 
M S starts ard hand woul 1 nlso tontnl ut. a strong ton 
d n y to slit.r t» port l.wtrds tlu U B 

It is als > 1 1 1 1 11 te I tl ut wh. roas m many cases 
if su. lion tin slu. r m urs 111 spit, of hard-over h.lm 
III this . as. It d. In 1 lit n trolling j.w.r of twin 
stnws as will lu llu < 1 1 sgi Ow go <ase (nit 
reported Im) tho lull r vixml whin she shtend 
dragg.il line tug sub ways through llu wafer broadside 
and mi ram 1 In dir s t i ngm i iwir of another work 
ing in < njun In u with ] artiul p w.r fr m lur own 
inginih Such fa (x as lli.st show h w uncontrollabk 
is th force <f sui tion whin ini. initiated 

(ox. 1. Mur.ta Sif Noy.mb.r2t. 1908 2 1' 
M Delaware Riyir ( hirrj Island ut opiseufe 
Wlimingt. n D.l (Iig Id) w atli.r .liar and .aim 
lluil till In tlu iut whuh is ala.ul 7 4) f«L widi 
by I i f 1 1 ih t p 1 y . tinrt r 2*) fit t b> fe alimony tho M 
(KM fist ly 41 tl.iL I v 21 ft 1 1 drought) wosoyirtakou 
on lur port auh by th. 9 (i2> ft.t by 47 fnot by 21 fiot 
drought) 8]x i ds are not stated ehorantt stated eon 
tradH t .rely but a. cording to th. S 100 fisjl to 400 fix t 
A fording to testimony on behalf oT tho initial clcaram e 
when tbc y began to oviriap was 100 fisit to 150 feet but 
tliat as tlu b gradually dn w ahead of tht M tht former 
<uuvirgtdslightly uponth. iourseof theM so tliat whin 
tht S was about half way by the M tho distance betwet n 
them had bien redm tsl t > from 50 feet to 100 fet t when 
the enginis were olowtd tlun stoppod and finally put 
full speed ox tori and the h.lm a-port Notwith¬ 
standing this maneuver tho M continued to approath 
the S more rapidly and thin gavt a suddun dive in 
the dins tion of tho latfe r tho bluff of Ihn M s port Is.w 
striking thi h on tho Btarboard suit it a imuil almut 100 
feet forward of tho latter a stem Until vessels win 
injured 

Tho court quoted the opinion of Judge Gray in ( am 
25 In this praaont case however in contrast with ( aso 
19 the pit it of tin overtaken veest I waa commended for 
slowing his enginis In this ease too aa m several 
othsrs the court leant toward the smaller of the van 
ously stated iltaranita on the ground that tho tun. 
available would not permit the aheenng vessel to cross 
a wider intervening ipooe But aa nearly all these d« t 
skins have been rendered without any more accural© 
idea of Notion than aa a bodily attraction between the 
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Plancton, the Ultimate Food 

Vast Resources of the Ocean from Which the Fish Obtain Their Sustenance 


Onk of I lie iiumt liiillianl achievements of modern 
biology in the demonstration of tho vast variety, bulk, 
and importance of tho living creatures, both animal and 
vegetable, which swarm thickly in tho vlearent noa-wator, 
and are known oolloolively by the name of planoton. 
Since the ocean coven two-third* of the aurfaee of the 
globe, and tlnee these aquatic form* of life exbt through¬ 
out many fathom* of depth*, instead of merely in a thin 
layer of earth and air aa do terreitrlal creature*, it li 
obvious that they are enormously superior in number* 
and in actual "tonnage," 

But the very tiniest of these, tho low vegetable forms 
which derive their nutriment directly from the water and 
Its inorganic ronstltutents, themselves become the rood 
fur slightly higher forma of animal life, and these In turn 
feed Htill higher forms, so that the humbler marine Ufa 
la the ultimate i>ro vender of those food-Ashee which 
supply eo large and Increasing a portion of the food of 

myiU1yhd r 

Millions of the planatonio creature* are either micro¬ 
scopic in rite or ao transparent aa to be Invisible on 
dlnarily. However a pretty experiment demonstrate* 
the presenee of some of these tiny forms. It consists 
in planing a glass dish full of clear sea-water in a dark 
room and then allowing a beam of light to fall upon It. 
Just aa such a beam will show the motes dancing in air 
it will show thousands of shining particles whloh are 
really living beings dancing in the water. 

The planetonio creature* are divided into two great 
classes, thoao whiob are pelade, L e. the ones who** whole 
Ufa, both larval and adult, la spent floating In water, and 
those whloh are attached to the submarine soil during 
pert of their udatenoe. The latter are found especially 
In littoral waters. Marine planoton, which Is of oonres 
far more Important than the fresh water planoton, 
though thb also exist* in great quantities, b also divided 
into the oceanic, found In the deep sees, and the neritio, 
whloh 1s found near shore, that Is, above the continental 
plateau. 

Borne good work has been done In this oountry In the 
study of planoton. especially on the coast of California, 
but the great authority on the subject is the well-known 
sdenttit Dr. RichaiM of the Marine Museum or Monaco. 
We are indebted tor the feats hi this article chiefly to the 
Mtearehes of Dr. Riohard a* reported In a reoent enoy- 
olopedlo article in Lomus Vnuusl. The first method 
of eolleeting planoton for study waa by a net much 
resembling an ordinary butterfly net attached to a line 
Instead of to a pole and trailed behind a boat. But tho 
redsteaee of water is so much greater than that of sir 
that the flu* silk gauss or bolting-cloth used for the net 
interfered with the filtering of the water at even a moder¬ 
ate rate of spend. Henoe Dr Riohard modified the 
shape of the net by making lu length greater and its 
orifice smaller This Increases the Rirface of filtration 
and the planoton ooUoot* in the end or the long dgar- 
lhaped net and is examined at leisure In the laboratory. 

A very important point is to test the amount of 
plaaaton In a given quantity of water. This is accom¬ 
plished by emptying the plancton into a graduated 
beaker. At the and of several hours it has collected in 
the bottom of the beaker and Its bulk is indicated by the 
figure at which it stands. Thus in estimate is readily 
formed of the comparative alimentary richness of any 
ginm ana of the sea, Information of great practical 
value in the fisheries industries. But it it likewise highly 
important to know the nature and habits of the specie* 
found, rinoe some of these form the favorite food of sar¬ 
dine*, lobsters, crabs, cod, herring, or other of the chief 
food fishes, and a knowledge of their habits and their 
habitat* Is immensely useful to the fisherman who would 
make a full haul. 

Sueh examination of specie* is ahlcfly oondaoted la the 
laboratory, but preliminary work eaa be done on board 
•hip by an apparatus Invented by Dr, Riohard, whloh 
consists of a glass dish filled with the water to be ex¬ 
amined, a lease, a mirror lnollned at aa angle of 40 de¬ 
grees. and a white screen on which the images of the tiny 
creatures ere thrown; the apparatus Is completed by a 
device whloh compensate* the rolling of the vessel. 

It is very beautiful to see how exquisitely tha creatures 
which oompoee th* planoton ar* adapted to their peculiar 
mode of qxbtnuon. The meet striking feature of this 
adaptation is the crystalline transparenoe of moat of 
tbttB which it difficult to than from 

the wattf which aurroundi them. “It U very carious to 
see muscles, cartilages, and tegument* whloh resem b le 
glass wit|put being altered fat their functions; they eaa 
wsaroe be distinguished from the water except by mingling 
therewith some reagent which km* them end Postulate* 
and renders opaque their tissues. ” A rimUag aedttea- 
tion is the clear blue tint of many of the pelagic createre* 


which live near the surface This is a very eharesterUtie 
ease of protective coloring, end is never found In speci¬ 
men* found at great depths where the sun does not 
penetrate. 

Bines the tbeoes of three animals an infiltrated with 
water they have a density approximately that of the water 
by which they are surrounded; hut since even their 
very slight txoeas of density would carry them down 
sooner or later they ere provided with special compen¬ 
sating apparatus. Romettmes they have fins whose force 
oat he exerted in a dinotion contrary to that of gravity; 
or they may have fioata consisting of a drop of oil or a 
bubble of air In a eontraetUe sac. Still other* have ap¬ 
pendage* shaped like paddles, or Ukc feathers, whose 
surface resists the downward pull. 

"AH these creatures, to diminish their density, have 
eliminated from the organism the heavy parte—the thick 
bones, compact shelli, resistant oarapaoes which are 
borne by their congeners of the littoral and the bottom. 
Thus one observes very curious creature* among them, 
whoee viscera oooupy a comparatively small part of the 
gelatinous maas of their transparent bodies." 

Very often the pUnetonlo animals whloh live several 
hundred meter* below the surface have developed enore 
mous ayes; their antennae and their claws are elongated 
also, and the minute organs of sensation which rover 
their bodies are hypertrophied. The pelagic animals 
whloh Uva at great depths develop "teiesoople" eyes. 

L e, they are cylindrical instead of globular. This Is 
only found at such depths that only the ultra-violet rays 
of the solar spectrum can penetrate. Another notable 
feature is that the otocyst, the organ whloh replace* the 
ear In Inferior snlmsl. , 1* highly developed and acts u 
an organ of equilibrium. 

Their fecundity Is, of course, enormous and the ship 
"National” on one occasion observed a great swarm or 
shoal of one variety floating on the surface and no 1 ms 
than 260 kilometers long. Obviously such a huge mass 
of tempting food material will attract hungry schools 
of fish, henoe it l* of Interest to learn what oondltions 
the presence or absence of virion* kinds of planoton In 
any riven locality. It has already been obearved that 
the composition of the planoton In any plaoe varies at 
different seasons or even different times of the day. Thus 
they will deaosod when tho surfaoe of the oosan Is agitated 
for their bodies are too delicate to bear violent motion. 
Rain also drives them down, tines they are not fitted for 
contact with fresh water. Boms cannot bear light and 
fly from tho approach of daylight, while others execute 
the Inverse movement Henoe tho "catch" of plancton 
varies according to whether the net la oast by day or by 
night. So mo varieties appear only at oertaln seasons 
of the year, which fact may be due to variations in the 
temperature of the superficial lay era of tha water; and 
still others appear only at Interval* of several years, for 
reasons s* yet unknown. Such facts as these arc of 
prime Importance to the fisherman, and It la hoped that 
when these movements of plancton are fully understood 
much of the present uncertainty in the fisheries industry 

may be 

Most of the plan tonic plants are microsaopio algae, a 
large percentage bring composed of Immense shoals of 
diatoms. Three are most abundant In the oold waters 
of the temperate and the polar seas. It has been esti¬ 
mated that a cubic meter of water off tits ooset of I os- 
UnH ood tains 6 billions of them Anothtf common 
■pedes is tbs peridlnlana, whloh are naked as plants 
because of the osrapaoe of odlnloee, though some of their 
characteristic* relate than to the protosoe. 

Among the peUgte protosoe special mention b due 
to the /erastiaVero. Three secrete a tiny shell of aal- 
careOut matter, through whose aperture* extend the long 
filament of the animal'* gelatinous body. When the 
atempl die* thk abeO b no longs buoyed up and slowly 
rinks. Mora than lfiO million square kflometen of ths 
bottom of the sea are tttoUty earpstod with a mass of 
these tiny ibeDs. Nearly two-thirds of the bottom of 
the Atlantic b covered with them. A curious fact b 
that they an not totted below 0,000 meter* In depth, he- 
oansa their substenre bring lUghtly soluble in water 1* 
dissolved by the time It has reached a oertaln depth 
It b of such depoehs as these that our sedfinentery rooks 
are made. Similar iepotite an made by the spots* 
radlolaria, but ae thrir skeleton btiliriom It blare solnbte 
and b therefore found in my deep cnee of tire Pratt* 
ooren. The oommdo phenomenon of phoephoreeaeoae 
in salt water b due to other s p erire, sad prisons ribs 
take sea-bsLths at night often observe shining flock* Hk* 
scrape of phosphorus otiogb* to thrir garments, 

Other varieties ere theoeebtears end the tip teasi tiree a 
Abo the lame of the re tesn dsr m end of ret*. MdIf-; 
there aosy be mentioned eertsloaritaere. Cr eti n we; eio ( 


in huge shoal*. They are fotmd in aU eess and toon the 
basis of the animal nutriment of marine WriBalsj it b 
three above all on which the sardine feeds and the move¬ 
ments of s ho al* of refdbue follow those of oopopodt and 
peridinion*. Doubtiere the prearas* of th* late* b 
dependent on varying oonditioos of temperature, sali¬ 
nity, etc., and the apparently recondite labors of ths 
marine geologist may prove of in valuable eteaaaririal 
aid, another argument for the liberal support of, pure 

Much remains to be done in thb rate and fertile Arid 
of investigation, especially in the study of pelagic piano- 
ton both on the surfaoe and it the depths of th* are. In 
dosing, a word must be given to ths special net devised 
by Dr. Richard for obtaining deep sea plancton. thb 
oonsbts of a square frame composed of bon rods, each 
4 meters long. To three ere attached triangular pieces 
of doth of such mesh as b dstired, front that as eoerse 
as canvas to that which eantetati 6,000 apsrtuns to the 
square oentlmetar. 

There triangle* meet at a common apex, thus forming 
a huge pyramid. Thb b lowered by a steel ashy, 
operated by rteam-power. To flah at 0/100 tasters the 
cable must be 10,000 meters long to allow for It* oblique 
line when the boat b moving. When ths boat steps the 
net b drawn up very alowly and carefully. At fl/JOO 
meters depth the oohtmn of water abort the top of the 
net would have a volume of 80/100 cable meters, and every 
drop of thb vast amount must be filtered through the 
meshes of the net. The resultant oatoh contains ell the 
planoton existing In that vast bulk. Devisee have also 
been Invented for scorning the catch from a given layer 
at a given depth, shutting off the top layers, but re yet 
have worked imperfectly. 

Oil Filters 

Aoooanure to the London Tious a form at ell filter 
and drier designed by the British Tbomeoo-Houston 
Company, of Busby, It specially intended for tire purifi¬ 
cation of oil need In transformers and other hlgh-teeaion 
oll-fllled apparatus, though it can also be used for Ore 
treatment of many other liquids as wall as heavy 
viscous compounds, the latter bring preferably warmed. 
The Importance of dryness In transformer oils Is lilus- 
trated by the fact that the quantity of water present 
must not exceed 0.001 par cent In order to obtain a 
dielectric strength of 40,000 volte in tha standard tret 
(ai inch between disks 1 Inch in diameter), as re¬ 
quired for high-tension work. Una dust, especially 
metallc, is almost as effective aa water in reducing the 
dielectric strength, and It is, therefore, Decenary to 
remove eny sediment which may result from long Mo¬ 
tioned heating, In order to preserve the normal vlaoority 
of the oil end to prerent incrustation of the Interior 
parte of the transformer and the dogging of the oil 
channel*. In the B. T. H. arrengemreit the oO la 
pumped under a pressure of 2fi to 100 pound* par square 
inch through layer* of pure whit* blotting paper mda 
principally from wood pulp and supported in a suitable 
filter press. Moat at tha solM matter la caught by tha 
first layer of paper, while the water b retained by capil¬ 
lary action in the paper, the capillary attraction between 
tha paper and th* water bring greater than between the 
paper and tbs olL v The presses are made in two stand- 
tM'riiMi ana T-lnch, with ia chambers, haring 7 square 
teat of filtering surface, and the other IS indue, with 
90 ch a mb e rs , haring 30 square fore of sufirae, gperial 
riaotria Oreua hare alao been « for drying the 

fiber paper. The edttota of filtering are iUuremted by 
a tori carried cut da oil whlpb had bare la p** for 

about 10 MOM brigw i *lHf*4sure 4 W uAe. It imm i l t Ml 

veto, Wlthrieotrodtecf QUO Into .part; after reteflE 
trutten it bmfce dowh at KX3Q0 votte; and aflerareeo- 
riM fiteuddU to withstood. *0000 volte wrihatt break- 


' U a paper reed before tha Junior SauOtate 
ft* uWtijttite w*. fast- 










The Function of Enzymes* 

Products of Living Cells That Affect the Chemical Operations of Living Matter 
By Samuel C Prescott 


T*» etudy of the ohemloel or physoloffleal activity 
of sell*, whether of tmorob** or of men ii it once one of 
the moat intonating and one of the meat diffloult preh- 
tmM of lha biolafut, for it aeaka to duoioae the nerot* 
of Ufe praaaaaM How loea a diaeaae germ produce iu 
pqfaon, or a yaaat eall bring about ita ebaiaotcratio fer 
mentation? How do wa carry on tho*e trarufonnatioo* 
of food material by which beefsteak and bread and butter 
at ones beeome available aouroea of energy and matter 
for our living machine? How doea a potato manufacture 
itareh in lta leave* traufar it to the growing to ben 
and then iter* it up for future uee? 

In each ana* by maaa* of enayme* which we may 
define aj tfa* took of aall* and tb* reagente by which the 
chemical reaeboni of cell* of all kind* are effected 

The term ferment* ’ wa* flrat uaed early in the nine¬ 
teenth century by Soli wane and Bernini* Afterward* 
the word wa* need eamewhat mdannminately, meaning 
either a miero-orgaaiam of fermentation or a chemical 
eubatano* which in aorne way wa* related to living cell* 
To dbtuguieh between thaae the phyriologtit Kfihne 
roggeeted the term onryme to designate the dlgeative 
ferment* aneh *a papain trypan and ptyalm The 
word ha* now been unlreraelly accepted ■* the name of 
a group of chemical bodie* product* of hving oelli which 
have the peouUar property of effecting the ohemical 
opcratlona of Hving matter but which do not enter into 
the final product* of the*e reaction* 

Chemistry cannot produoo enrym** for they are 
found only aa the product* of protopUam of living oelli 
and it make* no difference whether we are dealing with 
the ultrw-tnkroeoopio bacterium or the giant redwood or 
the whale, the ohemical aotivitice are due to enayme* 
Furthermore the Mme kind of enayme may be produced 
by organism* of widely different character a* for ex- 
ample the trypem of certain baetena cf the carmvarou* 
plant* take tba Vcmu Fly Trap and of the human 
lnteatinal tract 

Since the variety of chemical p roeaaaaa earned out 
by living oelli u large m number it followi that the 
number of enayme* u legion Even the number pro¬ 
duced by a minute bacteria cell hardly viable with a 
high power of thomisroaoopemay be several while with 
orgamim* of highly specialized form and physiological 
division of labor the number la greatly laereaaed In 
man at leaat fourteen are known to be developed m 
tbe alimentary oanal and to take part in the proem of 
digestion while If we added all the other ohemical 
ehaogee which may be elaborated in the body a* a whole, 
our catalogue would be greatly uu leased Moreover 
we may assume that there are many enayme* which are 
•till unknown for the enayme* may be intransellular 
that I* acting only within the cell a* well as extra¬ 
cellular or extruded outside the cell and so possibly 
capable of detection The positive knowledge of the 
action of lntn-eellular enxvme* i* still very meager 
although when BOohner discovered avraas* and a method 
for its preparation in 1807 the first great step forward m 
their study was mad* 

What an ensynm really is cannot be exactly stated 
An enzyme is known only by it* reactions By their 
works y* shall know them ia aaaentiallv true in the 
ferment world We cannot even tell their oompontion 
or t* what da** of chemical sub* lam** they belong for 
thaiy have never been obtained In pure condition It is 
ganwaUy assumed howevtw without proof that enzy¬ 
mes nr* protein-ilk* in eharectw In apite of tiui ro- 
dafinitonaaa and the alualv* character of thaae bodie* 

known and on thea* point* all enayme* behave In Uke 
mannsr, although differing distinctly from other ohemical 

anbstaaaaa 

W* taw thw regm*d snayma* at fuming a special 
and peculiar group of ehoofaad oct p owU U differing 
In eartahf sraya from other aubatanoea, and aspeeUUy 
ia thair nlntioa to tit* law of maaa action a* shown by 
tfa* great db t wopor t ianbatwaontha amount of the activ* 
anbMauea aul th* amount of material ehengad. A good 
*M»m» at *lt ia rennet, wWah it baa t**n stated can 
dnatfttfa Imre SKMBO to aOO/no than* it* wmght of 



solution* for a< bon others are most vigorous in (lightly 
acid or slightly alkaline media 

Hunilariy temperature may play a very important 
part in the oontrol of enzyme reaction In this re*pent 
three substance* behave closely Uke Uving fell* and like 
certain land* of protein* Euh (uuvmu ha* a maximum 
a minimum and an optimum temperature of activity 
put u microbes have and like there if heated above 
the maximum will be rendered inactive and finally 
destroyed This thermal death point ae it may bo 
called is very near the coagulating point if albumin and 
not far from the death point of most vegetative bai tern 
Another nmilanty to the proti ms lire in the fact that both 
enaymes and albumins am precipitated by concentrated 
•alt solutions such as ammonium sulphate by alcohol 
and by salt* of heavy metals Furthermore they may 
be more or Ires completely met hanually precipitated 
with floooulent or liulky prw ipltates as by use of phos 
phono acid and lime water ( ertain poisons may also 
inactivate ensymis SubsUnoea which kill living cells 
Uke formaldehyde hydrocyanic acid or mercuric chloride 
will in general loll enzymes provided the solutions 
used are strong enough and sufficient time is allowed 
for the destructive action The enzyme has a somewhat 
greater resistance than has the living oell but the dif¬ 
ference is one of degree rather than of land In fact 
so closely do enzymes correspond to micro-organisms 
in behavior toward physical agencies poisons etc that 
we use the same terminology in discussing them and speak 
of the poisoning or lolling of the ensyme Other 
substances such as toluene chloroform and a few other* 
permit enzyme reaction but restrain the activity of livtng 
oella this giving a differentiation of great value In study¬ 
ing them 

Enayme* also have many properties in common with 
the ton** and so far sa body reactions go seem to be¬ 
long to the same olare of organic compound* When 
a toxin is injected m small amount into the body oertain 
chemical ohangea are ret up and there is soon formed a 
so-called antitoxin which neutralizes or inactivates the 
toxin Similarly the a tion of ontyraes upon the tissue 
of the living body is effected by the secretion of anti 
enzymes and the injection of foreign proteins into the 
body may be followed by the manufacture of a pre¬ 
cipitin which will preoipitato that particular protein 
and no other Thu specific action u characteristic of 
enzymes and toxins as well as of protein* In view of 
the fact that enzymes and toxins are like proteins the 
product* of hving cell* it may not bo strange that thu 
similarity u found However we are not aide to say 
that enaymes are protean in character but rather that 
they are found in association with protein* The purest 
enayme* yet prepared do not give pro tern reaction* 
Moreover mineral salt* seem essential for their action 
We may explain the meohamam of fermentation and 
putrefaction ohangea on the basis of the eiuymee pro¬ 
duced by the molting organism* for in recent years 
it has been shown that the enzyme* carefully prepared 
and fed from hving oells will oarry on the same changes 
with almost mathematical precision In yeast for ex 
ample Bfinhner found within the sell* an ensyme which 
eould only be extracted by grinding with flno sand and 
subjecting to enormous pressure but whiih when thus 
obtained produced aloohol and carbon dioxide from 
sugar m exact accordance to the obemkal equation 
which had long been uaed to represent the fermentation 
Thai it was shown that mtra-c*Hular enzymes exist and 
we now believe that many proem* o* taking place in 
hving cell*—perhaps all the pro c es ses -are the results 
of may me activity 

Since the ohemical nature of ensyme* u so largely 
unknown, w* can olsanfy than only by their action on 
various compounds It is possible however to group 
them into the four pl ane* of hgdreiynnf or earning the 
addition of water to oertain rebalance* Mo*t enzyme* 
acting on carbohydrate* ara of thu ala** So also are 
thoaa that affart fat* and tb* majority of those produc¬ 
ing known ptotaolytie ahangaa These are beat repro- 
aeated in the pr oo aa tea of digestion A Kwond group are 
the If are**, or thorn producing the splitting of bodies 
into simpler cleavage products without any hydration 
Th* alcoh o lic fermentation is the bast known of this 

Tha remaning two dam** are the enduing and re 
da*<V Muymet, producing the types of ohanga Implied 
Of the former, th* production of vinegar is a familiar 
example, atoobol being oxidised to aeotio add by an 
*tfd*ss pndaaad by tha aoatio baotacU Such familiar 
ahaagad w tito datkreiag of fraahly out wtiseae of fruit* 


(applt *) i r the quick change of col r when mushroom* 
and t ad*tools are iroken also Itlong ti this tatigury 
The nduitim pro esses are of eninn us \srUty m na¬ 
ture both in plant and animal lift While typically 
distinguished ly thi redu tun of hvdrigcn psroxide to 
water and oxygin thus Katalasoa as they are called 
may also rodnet sulphates mtratis and various coloring 
matters a* weD a* < tiler oompounds Upon tha activity 
of enaymes may di pend all the complex a nes of ohangia 
oxidation* reduiti ns synthUio and analytic change* 
which oharaoten/e tin pr moss of growth and decay 
renovate n and destination in the tell and in tissue* 
The phenominon on intra-oallular fermentation seems to 
bo closely linked with enzyme a* tivitv and tin build 
ing up and breaking down of protoplasm itself is m 
tuna tidy connected with mtrsrctllular changv s and energy 
liberation 

There u reason to believe that sumo enzyme actions 
are hire organic chemical r«actions reversible Thns 
maltase will split maltose into two molecular* of dextrose 
under tht ordinary conditions of artion If however 
we add nudtane ti conmntratod dextrose solutions a 
small amount of maltose (or isumaltuse a similar sugar) 
will be formed the real tion proceeding until a certain 
equilibrium la established Thu baa not been demon¬ 
strated for all en/vnus and sum, eminent authorities 
divide onzynie* int iw lasses only one of which is 
oatalytio and capable of synthowring aa well as splitting 
substances while in the other no trace of synthesis has 
been observed 

On the suhjeot of tho origin of enrymes and the oauace 
stimulating their activity many interesting observations 
have been made Some enzymes are produoed by oella 
in such form aa to require no further aid to render them 
active Others require the j resene* of a spomflo sub- 
stanoe known aa an activator The pepsin of the atom 
ach is produoed by the cells of the gastrlo glands as 
a zymogen called pepsinogen whioh under the m fla w n n o 
of the hydrochloric acid produced at the time the 
stomaoh l* functioning become* changed to pepnn We 
do not know how tbe enzyme and the acid are associated 
but we know that tha latter u necessary for the pro¬ 
duction of pepsin and also for its action Baylias has 
described another lnztanoe in which the activator itself, 
an tore Ionise act* as an enayme upon the xymogvn 
trypsmogen thux producing trynn but without enter 
mg into the actual formation of the finished enzyme— 
trypan If ihia view is correct, wo have m effort one 
enzyme bringing a second into existence In other 
Instances ac ti vatic n is tffa tod by metal* as m the tae- 
oaae the oxidizing i mymo of the lao tree of Ana which 
require* manganese or by udti such as phosphates as 
m oertain aloohobc fermentation* 

In spite of tho apparent lack of exact knowledge of 
the oompoation of enzymes and of all their activities 
we find in this group of rebetanoce agent* which are of 
direct and oertain application to industrial prooeeaee 
Bread making brewing ohoesemaking oertain phase* 
of tanning as well as the preparatic n of laoquun and 
east ir oil are a few of thaae applications 

Hero is a field of great promise and infinite interest 
sure to yield results if investigated patiently and oon- 
nstontiy by the sen ntist who oombmas a deep knowledge 
of organic chemistry with an intimate acquaintance With 
ooll behavior and activity and this field of bio-chemistry 
is sure to find greater fav >r in tho immediate future 

A New Telephone Receiver 

At a recent meeting of the Hoy si Bodaty a new farm 
of telephone receiver was exhibited that wa* a boat the 
rise of a half inch Motion of a lead pencil lbs sped 
men shown was msde at the laboratory of the Unlvere 
tty of Utrecht, under tbe supervision of Prof. Zwaarda- 
maker and had been in use for several months without 
showing any signs of deterioration It is stated that in 
the new Instrument tbe electro-magnet and diaphragm 
of the ordinary telephone are eliminated, and for them 
la substituted a loop of very fine platinum atra within 
a small cover pierced with a minute bole. Aa currents 
pass through tb* wire they causa small increases and 
decreases of heat and tba consequent expanstoni and 
contractions of tha anrroundliig air become evident aa 
sound Owing to tha ama l ln aaa of the receiver It can 
be put in tha ear and sound* an not confused by extra 
neoos noise* while tbe fatthfnlnaai with which th* in 
tuna tion* of tb* veto* an transmitted it remarkable. 
II* whole apparatus la more oompact than tha ordi 
■ary Instrument and the oost U low 
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Roentgenology in War 

How Modem Science is Brought to the Field of Action in Waif 


Veit iood after the Roentgen rays became kunwu at¬ 
tempts wen made to apply this branch of diagnosis to 
wounds. Such experiments were tried aw long ago aa 
1806 by the Italbma lu the Abyssinian caiuimlgn; then 
In 1NIIT, during the Groeo-Turirish war, Kllttner made 
uw of the Hoeutgou rays lu examination* et the Ytldl* 
hiwpltnl at OmistanUnoplc, uh did also Alibott, who waa 
surgeon on the Creek aide, at l’lialenu. After this 
work was dune on u small scale In the colonial wan of 
the English, and llnully Uoontgenology was established 
ou a much stronger basis through Its wide use In the 
Hpanlsh-Ainertran wsr, 18H8-1890, and In the Boer war, 
1 HOD-1000, The Herero revolt also gave occaslou for 1U 
muployinent In the treatment of wounds. Roentgen 


weight, and consequently there era definite limits to Its 
use. A benrfne motor bring mwuy for the generat¬ 
ing of a current, the thought naturally occurred to 
work out the entire field Roentgen apparatus aa an 
automobile, and thus to unite In Ingenious manner 
the means for generating a currant and for moving 
about This Idea, which at the present thus the French 
have put Into practical use, was debated long ago by 
the Germans, who finally rejected It The peculiar con¬ 
ditions of a campaign on the eastern border lu winter 
would make the law of an automobile very uncertain, 
consequently a field Roentgen automobile would fre¬ 
quently be condemned to stand Idle, So on this account 
the Germans decided to place the military Roentgen 


mada where quiet and settled c o nd itions prevail. Amp 
thing so ooetly to procure aa a field Boeotgr: potfit 
should not fall Into the handa of the a»emjue he 
destroyed when troops are obliged to fall book. 11 
should also be remembered that the nae of the Bosotgsa 
rays U a very precise proem*, aud tint rough work In 
the open air without the equipment for a dork room, 
etc, cannot be thought of. CousAqoetttiy. theoa oQtfita 
are distributed among the military hospitals. There, 
where there la quiet and security, the Roentgeo firm— 
acoompUahss positive results. 

The chief value in diagnosis of investigate by the 
Roentgen raja it in the finding of splinters of shot that 
have remained behind in the body, In the recognition 
of severs lnlUmmotory conditions in the bony structure. 



The Gslfe-Psohsrd rsdlogrspblc earriage employed la the great maneuvers ef the East la 1M4. 

If, owtur; K, starting suar of ths dynamo: It, dynamo. 


rays wore much used lu the Ru**u-Jn panose War, while outfit lu a wagon drawn by liorsea, the wagon externally 

lu the Balkan war there came Into active service the Iming somewhat similar to an ambulance, 

moat advanced type* of portable Roentgen apparatus. As regards tlie making of Roentgen-ray examinations 
An Interesting account of the equipment of a military lu the field, says Dr. Strauss, the many experience* of 

Roentgen outfit. Intended for use In the field. Is given the campaigns first meatiouml show that the Roentgen 

In Me Cmechau, by Burgeon-Major Hr. Strauss, head process Is unly applicable when it la possible to take 

of a Hoeutgou laboratory, who tel la us that a Hold definite medical measures. To send the military Rosnt- 

Huentgen apparatus is decidedly complicated lu Its gen wagnu to the spot where first aid la given to the 

make-up. It must bo transportable, should moot all wounded, or to the field hospital, which la often moved 

the requirement!* of modem Roentgenology, and re- five or six tlum*. would be noose nae. All demands 

quires n largo supply of photograpbtc materials as well that this should lie dune cmne from those who ncltlier 

oa a large amount of additional supplies fur the taking understand military conditions uor the Roentgen proc- 

of photographs, throwing light, etc. It must also have ess. Examinations with the Roentgen rays can only be 


aa the dying of some part of a bone or suppuration, amt 
In the determining of Injuria* to the akalL This natur¬ 
ally brings up the entire question of ths value of diag¬ 
nosis by tbasa rays In Internal medicine, a* well as, to 
some degree, of the curative power of the Roentgen 
rays. 

The number of Roentgen outfits taken into the cam¬ 
paign by the German army la relatively lares, and the 
equipment la so complete that salutary work la pnselble 
lu those parts of the Ueld of war away from ordinary 

Bank eta for Genua AauuaMon 

O.v* of the many details developed by the German 
army la what appears to be a new Idea In the rapid 
handling of ammunition fur all clasnes of artillery, 
lu shipping sheila, when they are being sent to 
the front. It la not customary to box or crate them, 
and they are by no means easily haudled on account 
of their construction, (specially the larger Mate. Moqp- 
ovor, if not protected In some way they are liable' to 
Injury. To meet theoa conditions the Germans hare 
tuude baskets of various stone, according to the sins 
Ilf the shell to be handled, the largest sloe containing 
n single projectile. Other baskets ore made lu various 
shapes, with receptacles for sheila and cartridges. All 
the latest patterns of baskets for transporting shells 
have eight strips of hard wood, four on the outride 
and four on the Inside, extending from the top to 
the bottom of the basket The outside stripe protect 
and strengthen the basket, aud the Inside ones (map 
the shell In place. Two strips of canvas belting are at¬ 
tached to a circular leathor bottom upon which the shell 
rests, the outer suds of the stripe being fastened to¬ 
gether, forming a held by which the shell la lifted tram 
the basket Baskets are mode In various also*, some 
with divisions to accommodate cartridges. The baskets 
nre kept filled with shells aud cartridges at the artillery 
ilepots, ready for quick shipment to the front, Thu 
Isiskets protect the shells and explosives from contact 
with hard substances aa well aa facilitating their rapid 
handling. Within the last few years ninrard of 1,000,- 
000 baskets have been wade for the German anty, and 
before the war large numbers of baskets were seat to 
Austria and Turkey. 


with It a goodly number of extra parts of the apparatus, 
so that to carry the whole outfit a very large wagon 
la necessary, aa la shown In the cut of the field Roentgen 
wagon used In the German army. This wagon coo tains 
an Inductor with a spark 40 centimeters long, which la 
driven by a current of 30 amperes strength and 90 rolls 
pressure. This current la Interrupted by a Wehnelt 
contact-breaker, the working of ths current being regu¬ 
lated by a switchboard. Besides this apparatus the 
suiqilcfuentary parts mentioned above are also stored 
In the wagon. In all field Roentgen outfits the great 
difficulty In tbe source of the current Ordinarily no 
dependence can be placed an the chalice of connection 
with an electric wire, especially In the eastern seat 
of war. Tbe current necessary must therefore, he gen¬ 
erated. The only simple way In which this can be done 
la by a dynamo driven by a benrine motor. 

None of the attempts to get around this difficulty have 
proved really satisfactory. The entire running of the 
aptwratus would be far simpler If It wen pomdble to 
, generate a sufficiently strong current by means of the 
condenser. Up to tbe present time, however, the experi¬ 
ments to this end have not been as successful as required 
/nr practical use, although Wotnmeladorfa labors In 
this direction have hrought the problem nearer solution. 
The scheme to replace tbe dynamo and the benrine mo¬ 
tor hy-vnrumnlators must also be abandoned, for after 
the accumulator is illsnharged the recharging In tbe 
field la an uncertain matter. Aa a raenlt of all thesr 
factors a fieri Hueotgau outfit rtpm ri U a a,hnavy 
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tv A ptp<r bt Mr Q Oendd fttoney read before the 
ImMraaot Meehan**! Knenem dleottsting the effect 
(jf variation* of vacuum oa tleam turbine installations 
am land and at lea and published in the LemU* T\m«t 

the nutter mid 

Tha degree cf vacuum which gives the same velocity 
ratio at the exhauet sad ss throughout toy given turbine 
le the vacuum voder which the b«t reeulte are obtained 
consequently a turbine designed tor 39 inch vaeuam 
baw eu e f 90 inehee requires mote row* of blade* or 
wheel* than one designed for 37 inches the number of 
row* or wheel* os a given diameter in each ones bang 
proportionate to die Bntuh thermal unit* available in 
the mage between the initial and Anal preemmw and tt in 
peratarra through which the turbine work* There mav 
however, be oooaidcrabki latitude in the vdoeity ratio 
at the exhaust end without eenouely affecting the avail 


eaim ova to high vacuum 
The perantace gam duo to vacuum dtpend* on the 
•team conditions, ben* much more with low-praunire 
than with hlgb-p r eeeu ra iteam and the gam in British 
thermal a tuts available I* almnel independent of the 
steam conditions In other words far each degree 
Fahrenheit that the temperature duo to the vacuum is 
reduced there are appreahnatnly 16 more British thir 
mol uuta available These gauu due to vacuum are 
wholly attainable whtn the turbuu tan bo uuital ly dc- 
ligned but for hl*h-*peod Urgi output land turliuie* 
alio wanes must be made fur rat roast'd Urn mol lot-ncs 
For example in a 3 000 kilowatt land turbine at 10(10 
revolutions per minute, with an initial pressure if 171 
pounds 100 deg Fahr superheat and a vwuum of 21) 
inches the oonsumptlon will bo about 121 pounds pur 
kilowatt-hour and tho steam per hour will bo to 000 
pounds or 10 pounds per second Tht volume at cx 
hatut allowing for condensation will be about 0000 
Ruble foot per second With present mat* nab. availabk 
it Is not in general Quaternary to go abovi alxmt 560 feet 
per Meond for tho mean velocity of the blades at the ex 
hatut end giving a ™an diameter of 42 inches and as 
the blade height in praotloe cannot be more than one- 
fifth of this or 84 inehea the area of the annulus is 
7 7 square feet The velocity of the steam leaving the 
blade* through the rastnotod area will then bo 780 foot 
per second and involve a loe* of 12 Bntuh thermal units 
assuming that the vdoeity ratio and angle of the blades 
la snob that the steam loaves thorn anally as it should 
to give the minimum loss Even under three oondltlon* 
however there is still a gain of 0)4 per rent between 
28 inches and 39 inches vacuum For still larger powers 
however, them effects become more pronounced until 
eowtttKHM are eventually reached in this darn of turbine, 
having a highly restricted .xhouit end when an Increase 
in vacuum causes do gain It is the constant aim of 
designers to Increase the limiting vat uum by using higher 
blade-speeds, and enabling an exhaust end of larger 
dimensions to be employed and this is undoubtedly a 
direction in which Increased efflt wnoy in largo powir 
high-speed turbines Is to be found 
The effect of increased bUdmspeed Is very marked 
aa for a given vacuum the reduction m available gain 
varies inversely aa the fourth power of tho blade-epeed 
dam at tha blade-height cannot well be more than mw- 
flfth of the moan diameter of the blade* the area at th* 
exhaust will vary a* the square of the diameter or a* the 
square of the mean blade velocity Therefore the longi 
tudinal velocity varies Inversely os the square of tho mean 
blade niodty or the Bnpah thermal units lost inversely 
as the fourth pour* Of comm, tho reduction eon lie 
halved by odoptii* % tortoise with double flow at the ex 
hautt, but this Often Introduces complications although 
many highly eecmomical land turbines of large power 
have bean designed on three Buss Someth™* can also 
be dbneby shaping tbs exhaust suitably so as gradually 
to redoes tbs Tslodty of the steam on tsavmg the bladts 


ninkcu-cdurum amb oiAuas rtminrs 
Diwot-coppled msrlns twbims qgpsctiily from con 
dt U eaUouS of weight and space, ere often biaded so as 
to give urtform vdooty ratio at full *p**d with about 
» rnehse 'itmomt Md bum rations euwm many land 
turbine* have bett, dmflariy biaded In turbine* to 
biaded wad with ordinary steam pr es sure , it has been 
tend bytMUM* *»* ** vwuumat 

fug loadfch W wumffllushes t*d V ln«h«a.4 pm oenl 
or laatMfe. ***■!'tojBtbVlwesoi V Inches and 28 

SMS&S 

-IkW «rk tho 
kMf M» ft wMid ti ta n s* reff y 

S^»ThSWM*#«wMhtMretoof tbetmtew 
tttiiniliM tot far qtttttto** at about J»H 
dm llmtoml grin* wtf ha 


Qsand turfamea eon stand and should be hladed fur 
high vacuum and the blading should b* for nearly the 
highest vacuum obtainable In the waters in which the 
ship trades as there Is but little lose by running a tur¬ 
bine b iaded for high vacuum at a lower one For rt- 
ampk it should be biaded for 28 H inahea to 29 uebee 
the vacuum obtainable in home waters and the like 
and not for 17 mo bee to 28 Indies which will be tho 
v* uum obtainable in the tropica with a good condensing 
plant In such turbines the full theoretical gain duo 
to vm uum will be attained at full speed while at half 
speed and one-eight power the gain duo to increased 




2 Rear view of istensr of ■ Boosters field wagon 



vat uum will bt somewhat more than that at full spied 
In most eases blading a geared turbine for high vacuum 
as compared with low vacuum odds vtry little to the 
wt Igfat and generally only neoeesitatee the exhaust ond 
being made somewhat larger It w very Important that 
the exhauit between the turbine blades and the condenser 
should be free and should be unrestricted so that the 
loss of vacuum between the lost row of blades and the 
steam space In the condenser should be a minimum This 
applies to all olasres oT turbines It is equally important 
that the lost of vacuum betwetn the steam spot ( in the 
condenser and the air-pump suction should also be a 
minimum In other words given a condenser and an 
air-pump of the highest efficiency tbe difference in va 
uum between the air-pump suction and exhaust end 
of the turbine should be reduced to an obaoluto minimum 
(toinuiir or kxbaost stcah 
In a complete lw Collation, whether land or manno 
there on many other factors borides tbe turbine to he 
taken account of As increase in vacuum is associated 
with a ecnmpouflfag low** temperature of oondausate 
it follows that if the vacuum Is raised and tbe condensate 
is dettversd to th* bailer at tbs same temperature at 
which It leaves th* eondenstr either tbe quantity of 
•team gsneratod In tha better per umt of coal is decreased 
or the quantity of cool pw umt cf steam generated is 
luotreed 1 b practice, however both on land and at 
sea the condensate b Invsnahlv heated either by th* 
wrete gages fawn Ihs bcller or by the exhaust steam from 
the auxiliary toginss, or by both Land installations 
gwoBy ttotada ob mbmnutor In tha bwtor uptake, and 


the practical requi rem ents in such a ease is that, in order 
to prevent sweating on the tube* the food water should 
be delivered to tbe economiser at a temperature of about 
120 deg Fahr Bnt oven at the highost vacua there Is 
usually sufficient exhaust steam from the auxiliaries to 
roue the condensate to this temperature so that such a 
system represents the highest « onomy attainable with 
any glvin plant 

Marine installations present a different probhm by 
reason of the large quantity oT exl oust Htoam availabk 
from the auxiliary engines and it may h< re Is noted that 
the h«at in exhaust steam is used to tho greatest ad¬ 
vantage possible when it is re-dilivired to tho boiler 
with the feed water ft follows that m order to attain 
maximum eoonomy on shiplmard th* entire exhaust 
from auxiliary Ingram should bo condtnsod by tbe feed 
watt r A perfect Installation from this point of view 
would le one in which tho turbine works under the 
higlu st attainable vacuum with t flu icncv and m whit h 
tht t xhamil steam is maintained at su li j reseure as will 
t nal It its heat ti> ho wholly tmnsft rred to tht ftt d water 
In Tail tht ct unomit in twin for th* aiixdiams to ex¬ 
haust at is that In whit h tht w h ilt of tlu ir exliaust can 
Is oundt nsed ly tin feed Ohvi >usly tht n should bo no 
suiqilus exhaust and if thi re is a surplus it should never 
b disc harp d into Ibo mom smdt nat r because of th* 
hghly prtjudi lol iffoet of oil tn th* boaMraiwfemng 
ofhoKiiuv of tlu tondriuor tulxB on 1 on th* vat uum 

1 b* direct! m in which progress is to ho roodo on 
marine turbine installations would tht rtf on appear to 
Is (a) High vacuum turbines (0 high iffi itney con 
dt using plant (<■) reont niHsl anxiliants and (it) clfl* it nt 
exhaust-stiam fc* d hi at* rs In s in * swat wlx re there 
is a surpl n of auxiliary attain it is turmd mt> the low 
proseure turbine litre llirro is an apparent iwrtial 
ret ivory of the lues blit in prai tie* this arraig, mi lit lias 
tin defect of fouling both the turhinus ind th* eondi ns* r 
with oil and redunng thiir effleienev so that the i ntiw 
powtr of the turbine may ossilv b* ndue* 1 l> a far 
greater extent than it i an be nun a* dlv lh« ius ifsuth 
surplus steam If the steam n use 1 in this way it should 
bo vi ry tarefully (titered 

rONDVNSKR UICSI N 

Tho (ffett of reduoed oondut tivily if tht toiidt nscr 
such as is caused by air la muuh m re at high ratis of 
omdensation than at low showing that I hi tffml of a 
faulty air-pump or dirty condemn r i* mtuh more when 
tho rate of londensatum is high Appruximatolj also 
the loss of vacuum bolow that tbtorotHoUv oblainahle 
depends only on the rate of condensation and on tho 
amount of air insulation and not on tho quantity of 
lire ulating water and always assuming a condenser free 
from oil on the outside of tin tubes ami s*aie on tho m- 
sidi there is not much use in having more circulating 
water than about M) to 80 turns the sUam tondensod 
at full It ad in home waters and the tn pi w nape* tively 
Monty put into a eondinsor of ample si** is money well 
*1 *nt AmpU aurfa < alat givis a g> I nungin to allow 
uf the uindinatr piling dirty or for overloads 

Fire-relating Wood 

lu» BilUsh llio Prevention ClommlUei have tamied 
« n is rt m n test they carried oat on a p.irtltloo mndo 
of wxsl which had been Imiregnnted ly tho Oxylepe 
11 ms sh with tht object of making It Ure-reslaUng Ibo 
purtltidi muwured 10 feet by 0 feet, and Iti* head alll 
stile posts and tntirmcdlatee w*ro eonstrutted of 1 In* h 
ty i% Inch deal eath side being invert'd with % Inch 
grooved tongned and beaded boarding In 5-lneb widths 
It was submitted for 48 mlnntes to temperatures that 
roso to 1630 deg Fair and then water was pumped 
upon It from a steam Are engine Act t rtilng to the 
official observation* smoke appeared through the Joints 
on the outside after 88 mlnntes and seorihlng was 
noticed at several Joints two minutes later while after 
44 mlnntes a glow was visible at four Joints Water 
a me through several of the Joints when at the end of 
the test tbe hose was turned upon tbe lurtttlon which 
however remained In position Although the rests tarns 
of tbe woodwork did not lost I nig on mgb I v a few min 
ales to enable the partition to be < busied aa affording 
temporary protection under thi lommlttee* stand 
ards a note prefixed to tbe report states that the teat 
demonstrates that the Impregnating process employed 
has a retarding effect on cemboatlon and that timber 
so treated xhtml<1 he a valuable arttliU m to tbe stork 
of Are-resisting materials Tbe process consists In sub¬ 
mitting wood to • name of steaming vacuum and 
pressare whereby the sap water air and moisture are 
removed and replaced by a chemical solution which Is 
preservative antiseptic, non hygroscopic and nou-eor- 
■ naive The water of this solution la tbs n evaporated 
by placing the wood In drying Ulna the themicaU be 
tag left embedded throughout the fiber* of tbs wood In 
minute crystal form On the application of beat the 
irvstsls expand ami fi lu* a glassy coating to the wood 
this canting excluding the oxygen ut th* air end pre 
renting u«bwtioo.-Loa*m Ttinei 
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Iron Manufacture by Electrolysis* 

Properties and Industrial Applications of the Product 

By L. Guillet 


Tiik Industrial manufacture of Iron by electrolysla la 
h problem which ban engaged attention for many yean, 
lml It la only within the lout year that U lum entered 
I In* practical atage. In principle, the method isiiisbta 
In the nae of a revolving cathode and a neutral Nolutlon 
of Iron salts, maintained In the neutral stale liy the 
circulation of the Ihiuld over the aurface of the Iron. 
The balh alao recelvea periodic addition* of u dc|H>tarta- 
Ing medtnm, aoch aa oxide of Iron, the object of which 
la to eliminate, at leant In part, tbe hydrogen iHnwIi* 
oil the cathode, which Injuriously affect the unit dial If 
lirewmt In too Urge a quantity. lly these ineeua It U 


tic. In fact, two effect* are produced In the proerea of 
manufBctnre. The metal la lutentralned and baa ab¬ 
sorbed gases, particularly hydrogen. Ob heating la 
vacuum lietween NtJU and 1,100 deg. Cent for four boon, 
end lhun raising It to the neUblwrhood of 1,400 deg. 
IViil, for u further two hours, Sir Bobcrt Haddeld 
found ilist ill gramme* of the Iron bad a volume of IS 
cubic centimeters and yielded S8.H cubic centimeters of 
gn* of the following rrenparttloit: 



Commercial tube# of electrolytic Iran. 

possible to work with a current of high density (1^000 
amperes to the auuare meter), and an Iron of excellent 
quality is obtained. The proceaa U applicable either to 
the production of very pure Iron, which can compete 
with the best lrou and Swedish Iron, or to the direct 
manufacture of lubes and alieeta In tbe finished state. 
II hna emerged from the laboratory stage, and Is now 
being pm IiiUi operation on nu Industrial scale. 
raoi'KRTics or thk uctal, 

I'alng nuj pig Iron In solution, an electrolytic Iron 
can he ohtHlnod of the following average composition, 
after removal of the gases bj- n lineal log: 


h tiosalblp to guarantee phue- 
l**r eeni. With a density of 
er Miuare meter, the yield per 
inelnl. Including the rust of 
services, |*irtlculnrly for the 


The preseiK-e of in rbon monoxide Is somewhat note¬ 
worthy. On Its removal from the eleatrolyte, the Iron 
Is very brittle, and has a Brinell hardness of 103, using 
a ball of lit millimeters diameter under a load of 3,000 
kilogrammes. The micro* reptile examination reveals an 
entirely characteristic structure, consisting of Innu¬ 
merable line noodles, very much resembling martensite. 

After amienlbig for two hours In magnesia at 600 
degrees, the lrou shows a Briuell hardness of 00. Tbs 
mlcrograpblc structure Is perfectly normal The tenslte 
teat gives a breaking strength of 3(10 to .‘Ci.H kilo¬ 
grammes per w|uare millimeter, and an elongation of 
402 to 411 per cent In the direction of the axis of 
the tube. Further, the nnuenled tubes, when subjected 
to compression testa, can undergo deformation to an 
extraordinary degree without a sign uf any fracture, as 
shown In one of the Illustrations. 

INDTSTBIAL APPLICATIONS. 

Tbo Industrial applications of electrolytic Iron fall 
Into three principal categories: (1) the direct manufac¬ 
ture of tube*; (2) the direct manufacture of shoots; 
(3) the preparation of pure Iron as a raw material In¬ 
tended for fusion. There are various other uses of less 
Importance, such as the preparation of rods of very 
pure Iron for autogenous welding. 

Tabes.—Tbo manufacture of tithes la being proceeded 
with on an Industrial scale by tbe Boochayer k Vlallet 
Comiainy, whose Installation la capable of turning out 
100 tubes per day. Tbo current practice of this com¬ 
pany la to manufacture tubes 4 inches long, 100 to 200 
millimeters In diameter, with a thickness of 0.1 to B 
millimeters. Home of these are shown In one of the 
Illustrations. Aa la well known, all present methods of 
manufacturing tubes present certain Insurmountable 
dlHlniltles when It la desired to obtain regular thick¬ 
nesses of less than 0 millimeters. Aa a general rule, In 
the products obtained the thick ness of tbs wall la far 
from constant. With the electrolytic process It is pos¬ 
sible to obtain tbo most satisfactory regularity what¬ 
ever the thickness. diameter, and length of tube. 

The tubes will withstand considerable pressures. 
Thus, a tube of 100 millimeters diameter am] 0.7B milli¬ 
meter thickness, subjected to 1,200 pound* ]kt square 
Inch, underwent a permanent deformation of a regular 
character, aa If aquoexed In a press. Another specimen 
of the same tube was nxpooed for two bui] a half 
months to a temperature of 120 degrees In a boiler. It 
was then tested to 1,200 pounds per square Inch, but iio 
trace of fracture was perceptible. 

Bkeett. —Tbe manufacture of sheets la under Investiga¬ 
tion, but no doubt tbo r es earc hes in the Industrial labora¬ 
tory will lead to a method by which they can be produced 
commercially. Tbe Importance of bring able to obtain 
sheets direct without rolling will be appreciated. Tbe 
lrou la of first-clew quality, capable of undergoing very 
conaMembte deformations In the coll Testa on tnbre 
and plates hare been made In the draw bench, and It 1* 
surprising with what facility the metal can tw worked. 
The material la therefore highly sol table far purposes 
of stamping, both In the form of plain annealed piste* 
(black plates) or of tinned plate, finally, on acoout 
of their parity, tbeae sheets are especially adaptable fur 
use In the construction of electric machinery. Dr. Ifu 
Uresis tier of Berlin has demonstrated the Imports nt 
aspect of this question, both from the point of riew of 
magnetic properties and of regularity of rti1~*n*M and 
compressive strength. The effldMey of attamatiuf 
motors and transformer*, and gtao of direct enrreot 
motors, re increased by asing this material in their eon- 
-■amotion. He conclude* that the ore of eMtreiytia iron 
constitute* a real progress, both aa regard* hy ah areg t o. 
and permeability. In transformers tbe saving In Wright 
of material la 33 to 40 pet rent. TW capacity at ritar 
noting motor* can ba tnemred hy SO par cqnh * — 


In direct currant machines, 18 par east of the boa cany, 
be reved. 

As a Jfate Uatorlel for Fortes.—Without doubt alecs 
trolytlc Iron wtu ba able to compete samara fully with 
Hwedlab Iron. The quality la much more regular, and 
the crude metal, bring very brittle, can anally be broken 
Into place* of any required rise, bow over assail and; at 
tbs aame time, It can be supplied In suitable thick- 
n naans The cameo tattoo of eueb products would he 
more regular than tbo** ordinarily uasd. Torts mode 
at various steel work* hare shown that tools and 
special steels manufactured from this materiel give re¬ 
sult* at least equal to those obtained with Swedish Iron. 
The coot price 1* the only remaining couridorattoo. 
am or UAirtTrACrri'at 

Tbe principal factors which make up the coat pries 
are tbe electric energy and the pig Iron. It hna already 
been mentioned that 2 tons of extremely pure iron can 
be produced per kilowatt-year. Using a entrant of BOO 
amperes per square meter, Instead at 1,000 amperes, tbo 
voltage drops to about one half, and tbe production per 
kilowatt-year Is nearly doubled. Working with a rttll 
lower density, tbe yield onn bo even further Increased. 
In countries where tbe coat of motive power 1* high, it 
would pay to work at DOO ampere* or even leas. It 
would then be possible to produce 3 to 4 tone, and even 
more, per kllowatt-ysar. If tbe east of tbo nnit bo 
tuken at 1 centime (Cud.), an ordinary figure In the 
Alps, and using a current density of 1,000 amperes, the 
cost of currant would not exceed 43 franca per ton of 
lrou produced. Hines pig Iran Is used as tbe raw ma¬ 
terial, It may be reckoned that three Is about 10 peF 
cent of waste in tbe form of sludge, graphite, etc. The 
price of the pig Iron would vary acconUng to the local¬ 
ity, and In the mountainous country It would run at 
about 04 to 88 shillings per ton. The prioo, however, 
would be higher In those localities where the electric 
current was cheapest, and rice verta. The average out¬ 
lay on pig iron per ton of electrolytic Iron wonld there¬ 
fore be from about T2 to 80 shillings. To this would 
still have to be added the coat of labor, maintenance, 
coat of electrolyte, depreciation, and Interest on tbe 
capital cost of the plant These various amounts have 
not yet been definitely ascertained, but the total cost 
price, based on current prices for material and tabor, 
of tb* electrolytic Iron, In the condition In which It 
leaves the electrolyte bath, wonld probably not exceed 
«1 to £7 12a per ton. according to tbe locality. 

COMMENTS BY *11 ISA ID COWPXS-OOtXS, 

The secretary of the Iron end Steel Institute make* 
public tbe following an the subalance of a communica¬ 
tion sent to him by Sbernrd Cowper-Golea of Sunbuiy- 
on Thamea, England, in which exceptions are taken to 
some statement In Prof. Qnlllcti* paper: 

Mr. 8heron) Cuwper-i'tiles wrote that be considered 
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tv paper by Mr Gafitet reap mtteadlag ta mm at ita 
etafatarete ta 1806 ha (Mr OowparOotea) ms a 
jpapar baftse tite Uoo afifi «M Inatttate entitled TV 
Produettou of Ftabfcefi Iren Ssaet* and Tub** ta Om 
O peretta,” deecrifalag ta cmriderebte detail hi* tieo- 
trolytio prmM for th* direct production of Inn tube*, 
cylladata, and ibeeta In that procaM a mandrel re- 
roljJiig at a critical spesd, ao aa to give anffldent skin 
Motion b*tw**n tha steetrolyto and deposited metal 
waa esaptopad to obtain a dose bouMgenaotu dt posit 
and at tha earn* dm* enable a blfb enrrent density to 
bo eoployed, tbe aolodoa being kept neutral by bring 
lag it In contact with Iron oxide a* dsacribed In Mr 
UuUlat* Paptf In the following you Mr Boucher 
kpproasbed him (Mr Oowper-Oolee) regarding the 
proeSae and aaked If be would grant him a license to 
norfc It tn ftaneo and Switzerland Thla waa done and 
a email trial plant waa thereupon aet up In Swl tier land 
and Mr Boucher ptodneed a number of tabor A con 
pony waa ultimately formed celled he Fer to acquire 
tbe lianas that had been granted to Mr Boucher 

Mr Oqsrpsr-Colaa’s object In eetdng out tbeee facta 
to to ebow that all tbe preliminary work waa carried 
oat In Great Britain at great expenee and much labor 
That that waa ao could hardly be gathered from what 
be thought waa a eomewhat ungenerous statement 
which oonatltated the only reference to tbe process in 
Mr Outllafi paper 

In 1007 Hr Cowpsr-Coles took out a patent In 
valving the use of a 30 per cent solution of anlpbocreav 
late of Iran and endeavored to manufacture weidleaa 
tubes, using a rotating cylindrical mandrel This proc 
ess which waa analogous to the Elmore process for mak 
tag copper tubea haa not yielded results of much fan 
portance 1 

The Oowper-Coles proroas ho continued is In no 
way analogous to the Elmore copper process which 
oomUtB In Ming ah igite borolAber He thought it 
eboold be known that the process described In Mr 
(IqUlotB pa par had been worked out In England and 
that work! are to be erected in the Midland! to carry 
oat tha proceaa on a commercial scale He (Mr Cow 
per-Colea) bad all tho naceasary documents for proving 
tbe statements he had given 

Boaioesa Aapectofthe Kdp Proportion* 

ii > Frederic P Dewey 

It Is thoroughly weU established that the giant kelps 
of the Pacific provide an enormous store of KOI Varl 
ous papers have appeared upon tbe broad general as 
pact of the question but for the most part they hare 
dealt In glittering generalities and many of then have 
started In the middle of tbe proposition Many writers 
neglect or alnr over the gathering and preliminary dry 
tag of tbe kelp and base their real consideration of the 
■object upon tha air-dried material Thla la very at 
tractive and easy to do but tho coat of the air-dried 
kelp la a moat serious business consideration 

There are various technical and business problems 
connected with tbe matter Without In the least doubt 
tag the eventaal solution of these problems It may be 
said with entire safety that their solution with finan¬ 
cial profit will require the expenditure of much time 
and money under the beet technical and business direc¬ 
tion and that it moat be several year* before KOI from 
kelp can become a commercial commodity if It ever 
doss 

Tha conaldaratlnu of tha subject divides Itself nat¬ 
urally undar tha following beads 
Harvesting the kdp. 

Air-drying 

Oven-drying 


^JjpM art with tha growing kelp How can It be har- 

It will be as entirely new todtwtry and mantfimtly 
various hsaohteaa ef different type* will have to be oan 
etnrited and aUtfeetad to aotaal practical tmta before 
un edtetoit and **f*dts*i ma ehto* la secured Dr 
CtpMra has suggested IOOOjOOO ton* of KOI as a ooc 
•WNttve yWd. TMa Weald mean the harvest- 

tag of afpraritafiMy MMMAOCO tong of kelp Thla 
HfWfitb* (tarn* ayttfid cm tite whole year tat 
Mr mg b *0# tat canut yet be definitely knows, 
b#(a thy sveatthe wtatacfelnery required to berrset 
*HjbfttfQ6 tate Jfcfi Short aaaa en meet stand idle a 

bfc ***» ft mat be dried 
& «Mgpt* *M d fiW MMtrty IT ton* of 


M tafiat be adoptah 

M f Utfi fi Um Of drying eh« 


corering an enormoos are* and the building of cape- 
clally designed machinery to distribute tbe wet kelp 
ou the drying shrives and to gather up tbe dried staff 
Aa with the harvesting machinery three sheds and 
machinery must remain unemployed a good part of the 
year 

There la however a limit to the extent that natural 
drying In open sheds cau be carried When about 88 
turn* of ur 17 tons of water have been evaporated pro 
vtaloii must be medo to protect the efflorescing K( I 
which will soon be produced oo further drying This 
will require the application of artificial beat It may 
pusvlbly be unnamed that thla can be obtained from the 
kelp Itself In a subsequent operation By proper even 
dr}log It la possible to recover 40-00 per cent of the KCI 
as efflortwed salt by simply shaking It off from tha 
dried krip 

The recovery of the balance of the KOI from thp dib I 
and shaken kelp requires the breaking up of the or 
gaolc Blatter of the kelp body and this must lie done 
with an full aa possible utilisation of Its value Simple 
turning with the utUlaatUn if Its beat value only 
will nut be sutfklent, even If we uow bad a furnace 
adapted to avoid Inclosing wibnrued material In the 
Inorganic salts by sintering and to avoid undue loss of 
KCI bv volatilisation 

At prwent there does not seem to be any method 
available for this pait of the woik except destructive 
distillation with tbe recovery of the condensable bv 
produv ta and the utillaatlon of tbe gas first to heat tho 
retorts and secondly for tho < ven drying of tbe kelp 
as far as may be Fiobably there are no technical dim 
i ultles ta this operation but it must be remembered that 
only about half of the weight 1 minding tho efflorvamt 
KCI of the oven dried kelp Is orgnnle mutter In 
dhir words broadly speaking in the i reduction f 
one ton of KCI only one tan of organic matter is avail 
able for the production of byproducts or distillation 
On the other hand the total production < f nucb bv 
products ta the recovery of 1000000 ton* of KCI woul 1 
I e so large that much of them would have to be trens 
ported long distances to find a market and therefore 
the profit of tbe operation would largely depend uptn 
freight conditions 

Undoubtedly a limited amount of the residue from 
the retorts could find direct application as a fertiliser 
within a certain radius but the real market for Ktl 
la ou the Atlantic coast and under tbe present freight 
inndltloc* of 80 cents per 100 pounds the KCI must 
bo dissolved and recrystal lived Upon the opening of 
the Panama Canal and the expected halving if the 
freight rates the distillation residue might posslblv 
better be shipped direct 

The mother liquors from tho recrystalllztag of the 
Ktl will contain Iodine and whpn sufficiently rnricbi I 
they may be treated for the recovery of this element 

It would be a liberal estimate to assume that the by 
products recovered Including tbs Iodine would have a 
value suffletenf to pay for all of tha operations upon 
tin air-dried kelp If we do this and also assume that 
after sufficient trial and development of the necessary 
machinery tbe kelp can be harvested for 28 cents per 
too and air dried for 10 conta par too more a ton of 
KCI laid down on the Atlantic coast would lost *28 aa 
follows 

Harvesting SO tons at 28 cents |7 80 

Air drying 10 tons at 18 ceota 4 80 

Freight 1 ton at 80 centa per 100 pounds lfl 00 

12800 

On tbe completion of the Panama Canal It la expect 
ed that tbe freight will come down to $8 per ton but 
tha present prices of KCI mint be vary profitable to the 
German Potash Syndicate and If actually faced with 
tha possible loss of ita American trade tha prices would 
nndoubtadly be reduced Thla reduction might even 
wlp* out the advantage of the low water freight 

In couduriou It would appear that tfi* feldspar* have 
not yet been displaced by tha kalpa aa a posaible source 
of potash 

PVMufMaitM Tarfabea 

Tn total hocae p oster of maria* turbta** of th* Par¬ 
son* type-completed and aider construction in Bngtand 
end elsewhere tmomta to about 18 M0 000 h o r s e- p ower 
an lncnaH daring th* lut 18 month* of about 1790 
000 hor s*-power, according to a statement In tbe London 
Timm Of tbs total nearly 10680000 bom-power la 
or will ba, employed ter tbe propulsion of warship* 
and orsr 1880000 horn- p o wer in mercantile rernls and 
yachts. The net of geared turbine machinery for ship 
pnpataa b extending rapidly and 180 vemla bunt 
or tmUdtaf at* wholly or partly fitted with eooh machta 
ary of an aggregate of about 1000000 ho n e-power 
Thee* (noted* 68 veeaais of (B0 000 hores-now ordered 
4urt*gth»jast 7«er by the Ooard White Star Cana 
fitefi fM9e fiaflway, vests* of Itew tataad, Stems, 


New Hydrofoil X-Ray Tube 
By a Clyde Saook 

loiJowiivo extended research work ta tha Snook 
Roentgen laboratories at Philadelphia Pa cornea the 
announcement of the development of a now type of 
T rev tube kniwn os the hydrigen tube Heealta 
from its use ta a number of disinterested Itoentgen 
(logical laboratories over a period of several months 
w util seem t > Indicate that t hi new type of lobe poa 
semes important iwliils of auperitrlly over other X ray 
tut ts iu use at the present time 
Oil if tliL most frequent and annoying detecta In 
\ rev tube construction ta the peat haa been tbe dtffl 
mltv encountered In adjuntini, tbe vacuum to a aatta- 
tact r> working condition The must striking character 
InIIi f the new hvdrogen X rev tube is found in tbs 
fact that it can be regulated either up or down as to 
\utnum both uccureteh and quickly 



The Saook Kelly hydrogen X ray tab*. 


uli n luutcd t rtdiMHH This metal tube la sealed into 
tlu inslu wall (f th vaiuum chamtar Its open end com 
u in lintlng with tho vacuum Its closed end protrudes 
lit a bolv (f 111 dr gen contained within a small glass 
bunlxr attached to the bulb proper The metal tub* 
is hinted to redness by passing tho current across a 
short -park gap 

To rilse tht vacuum a similar tube within the rale 
Ing nttacbim11 1- heated to redness bv the same maans 
\ltli ngb uudtr normal woiktag conditions the hydro- 
inn picMsuii within the vacuum (ao called) is but 0001 
I oouuii inllUmpter of mercun absolute pressure it 
I* bare k atnrdlng t> tint wall known prinetpl* that 
until a l like vacuums to each rther Atmospheric 
air U < xcludcd from tbe vacuum by the metallic tube— 
vet wliei the tube is bested as described above, hydro- 
g i Ih dlschsrg d nsmrtlcally lut the atmosphere by ita 
wi | ressqre Hydrogen ta minute quantities, tbere- 
f re nctualh pause- outward from the vacuum when 
th r ilnli h attachment Is in operation Tbe vacuum of 
Hie tide Is tlierel v raised in see nlance with the length 
r time the iteration Is continued 
H icntgen 1 gists report that the hvdrogen tube die 

I lavs marked slat lllty and disinclination toward beat 
lut. dm presumetlj to the fact that hydrogen poa- 

os tbe lowest atomic weight of all known gaase and 
dlsilsvs little (hcmical aridity for moat metalllo sub- 
Htano h Fxtraordlnary penetration has also been noted, 

< mi i rathe mdh grama showing one Benoiat number 
blglnr than with any other type of tube. 

( renter efficiency more uniform remit and longer 
life appear therefore to be tbe advantage* of the 
hv Irotcn tube as demonstrated to date 
Mumltaneouslv there baa been tv lved, in the earn* 
lab iiteties an alt-cooled type <t hvdrogen tube with 
Its vacuum -ubject to regulation by the Mune moans as 
the standard type referred to above By tbe use of tbe 
aircooled hydrogen tab* long flmroscopte work may be 
punctuated by making radiograms and administering 
Xrav therapy ta msaslra dvses as frequently ss tbe 
operator may desire 

Tbe hvdrogen tube la tbe result of Joint work by Mr 

II Clyde Snook and Mr Fdwta W Kelly 

Electro-chemical Generator* 

Tn* Noubauaen Aluminium Work* recently ordered 
three electric generator* for an lucre* ■* ta thatr la re* 
plant at Ohlppla in tbe Swiss region Tbesa machine* 
•re built by the well known Oerllkon Work* and are to 
be nuked among tbe largest yet to be cons tr ucted fac 
electro-chemical nap being of 3680 kilowatt rise or 
3 880 bone power finch machines deliver as much *■ 
8 000 ampere* at ■ tension of 840 volts, and the stud 
ard speed 1* 800 revolutions per minute Th* gHwrstor 
ta each case 1* direct coupled to * hydraulic turidna, and 
it is built to stand an overload up is high u 8,000 kilo¬ 
watt* white if nece s sa ry the speed can be Increased 
to Dearly twice tbe standard or to 840 revo tetlo na per 
minute Aa far aa we know the preee nt mschlnsa ap¬ 
pear to be not only tbe flrit to be bunt, at least in 
Europe tor etxh a large output and as baavy a eurrent 
with a relatively Ugh speed but appear even to ba 
tha teiftat g en erators yet to b* built cm tbte aid* ter 





Vend In the upper Gatne lock u ma from the balcoay of the control heme. 


Electric Towing in the Panama Canal Locks 

Ingenious System and Novel Electric Locomotives 


InvaanOATIone of oolllelone between ship* and lock 
gateo Invariably ihow that “there «u a mlsunderstand- 
iUK In signals between the oaptaln end engineer." Bear- 
Ins In mind that the engineer of a ablp la no situated 
that he does not know the exact position of the ship, 
with reapeot to the lock, be cannot check hla action* by 
the probable reeult A syatem, therefore, which permit* 
chocking the movement of the ship with the *lgnal given 
by the idiot or captain of the ablp, will eliminate Im¬ 
proper manipulation* to a very great extent, 

Vartona ay items are In vogue at dry dock*, which are 
baaed on the principle that the operator eeee tha reeult 
of hie action. The employment of winches, or capstans, 
baa been looked upon with a great deal of favor. These 
are usually placed at Intervals along the dock walla, 
and the lines from the ship are carried forward to the 
soccearive capatina a* the ship advances. Ruck a sys¬ 
tem Involves the risk of the ship not being properly 
safeguard*] when the llum are transferred to succes¬ 
sive capstans. An Improvement hai been made by the 
Installation of a capstan at the bead of the dock, cen¬ 
trally located, and need tor Imparting a straight motion 
to the ship- Numerous lines from the ship to the dock 
wall are carried by man; and the oepetane are employed 
to counteract any wind premie, currents, etc., and as¬ 
sist generally in maneuvering the ship While an Im¬ 
provement over former methods, It did not, however, 
possess the flexibility and reliability required for the 
operation of the locks of the Panama Canal. Neither 
won Id It have eliminated the breaking of the Uoea at 
critical moments, which la regarded aa one of the eerau- 
tial requirement* in (VKCanfnlly handling ship* In canal 
Ihcka. 

After a very thorough study of the entire problem of 
maneuvering ehlpe through the locks of the canal. It 
became evident that they should not proceed through 
the lock* under their own power, and that a substitute 
for the nhtp’i power should embrace the following re¬ 
quirements: 

(e) Ability to place the ship in proper relation to 


(t) Capability of keeping the ship to Its course. 

(o) Accelerating and retarding the ship without rup¬ 
turing the lines. 

<<l) The lines when once attached should be used 
without change for lockage In flight 

(«) A small number of skilled operators rather than 
a largo nnmher of uni killed men to co-ordinate. 

Thn towing system described In tho following page* 
was designed and patented by Ur. Edward Bchlldhauer, 


Method ef attaching the electric locomotives to a 
vessel for towlag through a lock. 

electrical and mechanical engineer of the Isthmian 
Canal Oranmlsahm; and the forty towing locomotives 
and all tha electrical apparatus for operating tha locks, 
wore butit by ton General Bectric Company. 

Townve t trail. 

In pairing through the oaoel from the Atlantic to the 
Pacific, a v ass al win enter the approach channel to 
Llmon Bey, which extands to Oatsn, a dlatanoe of about 
7 miles. At Ostap It win enter a series of three locks 
in flight and be raised 8fl feet to the level of Getun 
Lake. It may then steam at fell speed through the 
channel to this lake, for e dlatanoe of 34 miles, to Bas 
Obispo, where It will enter the Oulehra Cut It will 
pass through this out, which bu t length of nine milee, 
and reach Pedro Miguel, where it will .hater a lodt 
and be lowered 80 fleet Then It WtU pea through Min* 
florae Lake for a distance of 1H ants ft reaches 
Mira floras, where It win be fewwtf « feat through 
two locks, to the aet lent after which it pntaaa out 
Into the Pacific through an Sfeatte channel, ; 

*he mala featuna of all toe lota total up MattMl 
end toe following totaf dtafltoptkm of toe Ostae Lotto, 
with apodal totem* to tint nm sep wit of toetatav 


lug tracks, ship channels, inclines, nod approaches, gives 

* conception of the towing scheme. 

There are two ablp channels, one for traffic to each 
direction, which ere separated by a center wall, the 
total length of which la 6^30 feet Thera are two sys¬ 
tem* of trades, one for towing and the other for the 
return of the locomotive when returning idle. This, bow- 
evor, refer* only to the outer walla. For the center wall 
there la only one return track to common fur both the 
towing track*. The towing track* are naturally placed 
m-at to tho channel aide, end the system of towing re¬ 
quires normally not lean than four tooomoUVee running 
along the lock walla. Two of them era opposite each 
other to advance of the vessel, end two ran opposite 
each other following the vessel, as seen In line cot on 
this page. The number of locomotives Is Increased 
when the tuiuage of the ship demands It 

Cables extend from the forward locomotives and ooo- 
ueot with the part and,starboard aides, respectively, of 
i be vessel near toe how, and other cables ibonnet ttw 
war locomotives with the port and starboard quartan 
of the veural. The Ungas of An various cahlsi are 
adjusted by a apodal winding ante oo the locomotive 
to plaos the vessel sbtmtatalaUy to mJd-cfeenaeL'• Vtoh 
the leading kxwnottve* a* elected, they taster-too 
vewei; while the traiUmt iocumodvee wftt frjflmr end 
keep all tha eablea tnnt By cheating tbr/iitagtta of 
the rear efibtas, toe rraeel qm to guklafl; and to stop 
the rate* aU toe looteottve* 'are slowed down and. 

* topped, touehrtogtogtoe raarlooomottrai ta aotfa* 

effectfraty the fow?W 

■wjfsstss&SSk 
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rites track to u to low«r tfw loegmotive* mfaly 
ftn QM 1«T«1 to the next The ateopect slope Is 3d 
dCgreae, or 44 per oeot, hum the Med wUl be mod for 
rack mil ev*a oh the return track, It beiui noted that 
aay traction locomotive wtth the usual wheel drive, 
emu with the brakes set, would begin to slide on a 10 
per pent grade, and, therefore, amid not be controlled. 
Wtth a nek rail, however, traction is limited only by 
the capacity of the driving motors and not by the ad¬ 
hesion dr the wheel treads on the rails. 

The rack mu is or the shrouded type, and each tooth 
space has a drain bole cavt In the bottom so as to carry 
oft water and other accumulations to soluble drain 
(dims or floats sst In the concrete of tho walls. A. 
further feature of the rack nail is the projecting edges, 
which permit thrust wheels attached to the locomotive 
to ran along the under side and prevent overturning of 
the locomotive. In case some unforeseen operating cod' 
dlthm should produce an excessive poll oo the towline. 
These thrust wheals serve to counteract the lateral com- 
ppoenf of the towltne pull and the flanges act tor emerg 
racy only, as U» weight of the locomotive Is, however, 
suffldent to prevent overturning with a normal pull 
of 2HJWO pounds on the towline. 

Three-phase, 28-cyHe, 220-volt alternating current Is 
used tor operating the locomotives, and the current Is 
supplied to tho locomotives through an underground 
contact system. Two T rails form two legs of the three- 
pbaae circuit and the third leg Is formed by the nulu 
track riUla, A specially designed contact plow slides 
between the two "T" conductor* and transmits the 


power from the rails to the locomotive. This contact 
plow slso p e seta through the slot opening In the con¬ 
duit cofer and Is flexibly connected to tbs locomotive 
In such a manner as to follow all Irregularities In the 
tracks and crossovers, and, therefore, Insures n con¬ 
tinuous eoppiy of power. 


The working parts of the locomotive are supported 
by two longitudinal upright aide frames of cast steel, 
connected by transvalue beams. These frames are In 
effect deep rigid triune*, having upper and lower mem¬ 
bers connected by posts and diagonal bra cut The 
pedestals for the wheel axles are of the usual locomo- 
motive type. Springs art Interposad between the tope 
of the journal boxes and the top* of the pedestals, and 
the locomotive la thus mounted upon tour wheels, the 
wheelbase being 12 fleet, and the overall length of the 
tooomotiva over S3 feet 


and, a* the constroetton Is Identical at both ends of 
the machine, a description of one will suffice tor both. 

The motor Is of tbs throe-phase, slip-ring type, to¬ 
ri orod and Identical to the ragged steel mlD design. 
The motor Is carried on a pair of east steel suspension 
brackets, which are Journaled on the wheel axle at one 
end, and located Just Inside the wheel on either and of 
the axle. The other ends of these brackets are coo- 



locomotives. 

also carry two countershafts with the necessary gearing 
and clutches for transmitting the power from the motor 
to the wheel axle, with the proper reduction of sissod. 
On the wheel axle is keyed a gear wheel, through which 
the locomotive can be driven by the, traction of the 
wheels on the nils. The wheel axle also carries ti loose 
sleeve on which Is mounted a gear wheel meshing with 
the transmtalon gear from the motor, and alto the 
heavy cog wheel that engage* with tho track rack tor 
prufiellluf the locomotive when engaged to towing. On 
the second countershaft are arranged clutches hy mean* 
of which the power can be transmitted either to the 
wheels for traction running or to the rack pinion. The 
locomotive Is operated on the traction only wheu run¬ 
ning without load and between Inclines, 

The two trartlou motors nn> controlled hy suitable 
controllers Installed In the robs st the ends of the loco- 
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motives; and Urn rironltn are such that both motor* 
can be controlled from either cab, and can bo operated 
singly or In multiple as desired. 

In connection with each motor a powerful brake Is 


Installed; and, as daring operation the motors are at 
ult times geared cither to the axles or to the cog wheels, 
the truck wheels nrc not provided with any brake 
rigging. 

Tbeee brakes are operated by a solenoid, the winding 
of which la In circuit with tho controller of the motors, 
so that when the current Is turned on hi energise the 
motor windings, the solciiuld will lift Its core and there¬ 
by release tho brakes. The II rat point of tlie controller 
raises the brakes without applying power to the motors, 
thereby providing a coasting point But should the 
motor current be shut off, either Intentionally or acci¬ 
dentally, the core will Instantly drop hy gravity and 
Its weight will exert a )siwerful leverage upon the brake 
levers to stop the motor and the locomotive. This action 
occurs simultaneously on both motors, and brake notion 
Is powerful enough to stop the locomotive within two 
revolution* of the wheels. 

In addition to tbls automatic brake, means are pro¬ 
vided tor aitplylng the brakes manually In order to 
supplement the action of the automatic feature. If 
necessary, when detsendlng n grade nr where approach 
lug a rack rail 

1'iowlog now to the features which render tlie locomo¬ 
tive peculiarly adapted for towing rmnsises, It Is ote 
Nervcd that there Is a large liorltmitel drum uinnutm) 
als*vo the body of tho locomotive at Its middle length, 
wlih-b bandies the towing islilo that Is wound uism It. 
Ttds dram Is carried on a heavy tubular column that 
Is fixed In a sulwtsntlal pedestal built Into the main 
frame of the locomotive. Below the drum, and mounted 
on the same column. Is a large Internally geared wheel, 
which Is connocted to the drum by a slip rrlctlon clutch. 
1-oiiHlstlug of a steel disk held between two alloy rings 
with a yielding pressure produced by a series of colled 
springs. Two separate electric motors are provided tor 
oiwratlng this towing drum, one driving through travel 
anil spur gearing to the large Internally gcaml wheel, 
which 1s for fast colling In or paying oat the cable. 
The «glw-r motor drives through a worm gear, and 
theme by a spur gear onto the same Internally vearett 
wheel, Hatched with the towing drum, and is used for 
taking In slack of the cable, and controlling vessels 
when towing. Hie fnsl running gear Is always con¬ 
nected. but the Slow working power gear Is connected 
by means of a rintcli, which to thrown out automatically 
by a solenoid that Is energised by the movement of tho 
controller governing the fast winding motor. The first 
point of the controller energises the solenoid, and frero 
the Hatch of the imwer gear, and the second point starts 
the milling motor. 

One of the most Important parts of the loonmoMre Is 
the “slip-friction" device mHislatlug of the two special 
alloy rings, anil the steel disk fastened to tlie rope drum, 
the amount of tension on the tow lino lielng adjusted by 
the pressure between these three disks, which Is ob¬ 
tained by tightening the spiral springs mi the Humping 
ring In order, therefore, to make the slipping tension 
of the towllne proportional to the pressure between 
the friction disks, a rulddng surface having Hn alwo- 
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that the low friction metal, haring • friction coefficient 
of 0.1, la practically constant under all pre— and 
condition of the surfaces, and, therefore, waa selected 
for the work. This metal alao showed but very little 
difference In coefficient between start In* and running. 
The results of the special teats were furthermore amply 
verllled by the final teat of the friction disks of each 
machine under full rated towllne pall of 25,000 pounds. 
All forty machines were given this slip test twenty-five 
times from each cab, and all passed the (lovernment 
requirement not to exceed a variation of B per cent 
above or below the normal of 25.000 pounds. 

In connection with the slip test, further data cn the 
alow winding motor waa obtained. The winding motor 
la a 20 b<use-power (one-hour rating), three-phase, 
high torque, squirrel esge type. Induction motor con¬ 
trolled from a dram typo reversible controller In either 
of the two cabs. And it has ample power to take care 
of any midden pull on the towline up to 40,000 pounds, 
which la well above the normal requirement of 25400 
pounds. The speed of winding la at the average rate 
of 12 feet per minute. 

The rapid-colling motor is permanently geared to tbo 
dram, and la of the same type, else and capacity aa the 
winding motor. It la subjected to Ita maximum load 
when accelerating the heavy drum to the high speed 
required for colling or paying out the rope, this being 
sixteen times the slow winding speed at full load, or 
about 200 feet per miuuto. 


•efficient The slow-winding and the repM-coOlng —tan are tow ropi 
res and operated by similar controllers and tha drotita atoo- panto, 
selected tricelly Interlocked so ss to prohibit eppUcatta of pow- rest 
ry tittle er to either motor uni — the oontroUar of the attar 4 As 
running, motor is tn tha “off" poattko. high uj 

e amply Racfa of the two main traction motors has a rating the Joecs 
of each of 75 horse-power, and Is of the stip ring induction type, 0. As 
pounds, operated by a system of contactors with master con- deride, v 
mty-flve troller In each cab. Tha motors, by means of the of the to 
eminent change In gearing from straight traction to rank rail The ft 
wr cent towing previously described, drive the locomotive at a chines i 
speed of 2 miles per hour whin towing and 5 miles par their mi 
i cn the hour when returning Idle. These motors sot as Indue- forming 
g motor tion generators running above synchronous speed when The too 
o-phase, the locomotive la passing down the steep Inclines and operatk* 
tor con- thereby exert a retarding brake effect to keep the speed isthmlar 
n either nalform. The k 

ike care Apace does not permit of a detailed description of and a gi 
pounds, the locomotive control apparatus, but s fairly good Idea Durim 
f 25400 will be had by reference to one of the Illustrations. atiou of 
ige rate auuuxiT. cargo tn 

The towing locomotives, as described and illustrated, the locki 
1 to tbo possess the following operating characteristics: During t 

r ss tbs 1, While towing, the speed can be regular from aero railroad 

im load miles to two miles per hoar. tween tl 

h speed 2. While running Idle, tha speed can be regulated year 5M 

Is being from Eero to five miles per hoar, permitting return trips six and 

load, or at Increased speed. Isthmus 

3. The windlass will pay out or wind In cable at the were trs 

The Hygienic Home 

Some Facts About Ventilation and Fresh Air 
By Dr. John B. Todd 


tow mp* am* and ■t'titottTttv 

potato, dtta t when tha toedmdta * * 

* The wtndlara wfil pay out or at* to eagle M toe 
Ugh mpa spaed with the tow tine taut dttar whan 
the totomotive la rvatng or «t at’. 

0. The wtodtoea Is equipped with a afMy Matter 
deriea, which la adjustable to gap prude—mtotal tutor 
of the tow tins pull 

The flrat tmpnsrioa may he gathered that these me- 
chlass are somewhat cotapUeatad; bat, oaaaMeitag 
tbrtr many ftmctiou and the great *»diimiy tot pee- 
forming them, the design la tn —Illy peoutiarly ahaito 
The tooomotiva have fully d—otiatratad to aotnal 
operation that tha requirements coo t— pl at ed by Bw 
Isthmian Canal Oomwlaston have beau ■ooceaafuUy —1 

The locomotives have a net weight of 86400 po—to 
and a gr— Shipping weight of 88400 peunda. 

During the first three month* of comm—ial oper¬ 
ation of the canal, from August IS to Nov—bar 15, the 
cargo transported through the oanal and towed through 
the locks by the locomotives amounted to 147)411 tana. 
During tha fiscal year —ting Jape 30,ISM, the Panama 
railroad carried 043,178 tone of through freight be¬ 
tween the taro —board*, and In the preceding fiscal 
year 5044*0 tone. From this It la seen that between 
six and seven times as much cargo la passing over the 
Isthmus now ss psased over this routs whin good* 
were trans-shipped by rail. 


Tun ho— la the foundation of all society; Its organisa¬ 
tion is the objective roaHsation of the wisdom and culture 
of Its founders. Tbs Ideal home is that In which, with 
the means available, then Is an adjustment of environ¬ 
ment that will result in health, comfort and future do- 
vslopmsntof all members of the family. In the establish¬ 
ment of an ideal home It is not so much what one does, 
or does not do, bat rather whotbsr In a given environment 
and within one’s means one does really those things 
that count for health and comfort. 

One of the primal conditions n—ry for an ideal 
home Is tits perfect health of all Its member*. The first 
wealth Is health, for while there are exceptional eases 
where an indomitable will Is able to overcome the handi¬ 
cap of fll-health—as hi the oaar of the Illustrious Darwin 
—stOl, with perfect health much more oould he aeoo in¬ 
putted. Of the oondltions In a home that are far ton, 
in producing HI health and disease, the matter of venti¬ 
lation la very Important Probably poor ventilation in 
houses, schools, churches and all other Indoor places 
where people spend more or less of their time, is the cause 
of more deaths and more til-heelth than all of the wan. 
The effect of living in Ilk ventilated rooms is very in- 
■htioua and slow to be noticed, but It is none the lees fatal 
tn lta results. Sanitarians have made many expori- 
menta trying to find out just what It is In bad sir that Is 
bad, but their results so far have been unavailing Their 
methods are too olumsy. AooordJng to their beliefs 
carbon dipride—the product of respiration—ti not harm¬ 
ful. The foul smelling odors that we notice in close 
rooms produce no ill effects, rebreathing sir is not un¬ 
sanitary. that the bacteria we take in through the air 
is of a negligible quantity, that the breathing of dusty 
air is not bad uni— In some trades, as grind— of metals, 
pottery, eto. 

The fallaey is to trying to find bad air by considering 
and excluding tha oonstitutenU one by oae. In the same 
way there Is no such thing as a wagon, for when we 
inquire: 

Is the pole the wagon? 


we fail to find the wagon; but when one Is knocked down 
and run over by a wagon, there la no question of its ex¬ 
istence. Thus when we consider the diseased eouti- 
tiona that exist among people who habitually br e a t he had 
air, th— is no doubt of its reality. First, we find a stow 
but steady lowering of resistance, the color of the skto 
is pale and not of the cl—, ruddy tinge of people living 
ont of”doors, there Is tuh-oridation, the stale indoor 
oxygen has lost its vitality, and in oonisquenoe titty be¬ 
come easily fatigued. Than anaemia follow* aa tit* pre¬ 
cursor to a boat of diseases; bronchitis, tuberoslosi*, 
laryngitis, rheumatism, and d la casss of the ffigtstivs 
•tot—. PrtoeSx—toed 1.4W workers tooallarU— 


and the beat tailor shops, and found over two-thirds 
diseased. 

From all these facts It becomes very evident that we 
need fresh Indoor sir-air that baa had Its oxygen made 
active by the actinic rays of the sun and the buffeting 
of storms and winds. In the ideal home the problem Is, 
first, to build to s manner that our houaes are cold-proof, 
and therefore It becomes s matter of better architecture. 
From 26 to 50 per oent of the fuel we burn is wasted to 
balance the heat loss from cur windows, walls and floors. 
If the heating problem were only to warm the air in our 
homes, the cost of fuel would be tmdgoiflonnt. 

We want windows in great plenty, for light is at neces¬ 
sary as air for healthful rooms, but the heat loes from the 
windows to enormous. A room inclosed by glass but 
with no beat is to cold as the outrids, and added to the 
coldness is the stale, dead air with its Inactive oxygen. 
This is the reason of the failure of gUas-toelosed slseplng- 
porohes Air of itself Is a nonconductor of heat and we 
have only to build our homes with two or three air spaces 
in the walls to make them practically cold proof Of 
course all window*, exoept those having fresh sir screens, 
should have perfect fitting storm sash, and the floors 
should have a nonconductor filling between the joists. 
The extra expense of this construction would be returned 
a hundred fold In health, eomfort and money raved. 
Then, no matter what beating and ventilating system 
you have, there should be several windowi fitted with 
fresh sir screens. 1 These are wood frames made to fit 
closely the window frame opposite the lower — h In suoh 
a manner that all openings for drafts are dosed. This 
frame Is covered with a medium quality of unbleached 
cotton doth. The lower window Is left free and can be 
raised and lowered aa ooeadon may require. Whan tit* 
window 1* raised the screen acta as a permeable membrane 
and allows tbs fresh sir to slowly diffuse Into tha room 
and permits no draughts. There Is not a day during tbo 
cold mouths of the year whan these Fresh sir soreens oan- 
not be used at longer or shorter Intervals; and snothre 
gnat benefit from their oae la that the air is filtered and 
dust-free. Dusty sir is one of the factors that causes 
dto— sad we have greatly under-estimated the «vQ 
effects of breathing dust laden air. 

There Is oae part of the home to which w* spend one- 
third or more of our lives, whisk should motive oar 
earnest oonri deration to render it Military to awry re¬ 
spect, and that Is the sleeping room. If Unrein any part 
of the 24 hours to which wa waat to be comfortable, it 
is when we retire to woo sweet deep, and there Is alio no 
part of our time When w* really need fresh •b sad It* 
oxygen as muhaa wa do hero, that we may Mm re¬ 
freshed sad rigorous. Too often we have art b—t able 
to reeontils titsidsa of o—fort and fresh air, aad wehwre 
taken eomfort aad 1st tha Crash air go. 

Howe—, it is pestibl* aad perfectly practical*) deep 
to comfort durii* the wtotsr and at the same tint* have 
our sleeping room Hied with sweet, freabbir. We have 
only to place a property eo ns—d frtsh sto— 
oppotito the kn—sash locator two windows, lb fp lltii 
the windows robed at tiMt—.s—tieapto—«ttojti<— 


with the room filled with fresh, invigorating air, aad one 
will arise in the morning with renewed energy. There 
will be no draughts; rein or snow cannot conic in, end tits 
room will not seem cold. Some mother* will claim that 
this la boat for adults, but that it will not do for small 
children, as they will get uncovered and taka oold. 
Many of these same mothers have learned that it is 
benrfldtl for the baby to sleep out of doors to the baby 
carriage during tha day, even through the eoldest weather, 
when the ohUd will sleep quietly and never disarrange 
the doth tog. A little thought reveals tit* fast that 
children kick off tbs dotting nights because they are 
on comfortably warm in the heated, dose, stuffy deeping 
rooms, and that children deeping under these condi¬ 
tions ere habitually getting odd. What wa oall ooUs 
ii* germ Infection, end hot, stuffy deeping rooms furnish 
favorable oondltions for its development, while deeply 
to cool, fresh air develops th* great— posdhl* resistance 
to tite Infection. Mothers should use thdr reason to 
fortify thdr courage, and provide fresh air screen* for 
the children’s deeping rooms. They will not kick off 
the bedding, but instead will saddle down end deep 
quietly. Thdr resistance to colds end infections will 
be Increased >nd they will make more rigorous growth. 

If th— is any occasion in our ti— when we require 
fresh air more than another it is when wc are 
to oar bed by reason of Alness. It Is at Uds time that 
the use of fresh sir s— gi— tite gnat— comfort 
and furnishes the great— aid to reeovsry. Stubborn, 
desperate esses of anaemia have mueh greater dune* 
to mend aa soon a* continuous fresh air conditions are 
provided. In pneumonia It is well known that tteearo- 
fart and condition of the patient are improved nndar 
fresh air conditions, and tha chances of roao—y greatly 
increased. 

We all have learned by perianal experience to ap¬ 
preciate the oomfort and bwurit of fresh air Kvtog. We 
may read and have aw ream eoavtoeed, oar Maodb 
may talk freak air until — bare not on objsotien to 
propose, rtfll, until onr bmcwtadqs corara from ] ■—,-r 1 
expert—*, It la of m> rota* to jto to ww tivea. You 
■honld acquire &a* ft—eakl fring e* 

1—t ana wtadow to year rt—iag room fftted wfta * 
frojMrf* nude frit* a* ag-Mur yd* wOqutdffy ftp: 
«*?* tite bawftl dartred***!.— ***#« of. non 
•team Whao sa»M kpcwtadga jt —nirod j* m 
tb— who ran ;dr>W; .w&’tFwS^a* wttk 
■—hag lata ti— — outdOa a—aoad tiesptag rootit, 

w* betk—'uto Sfc-fcfc Fsht. warn—tops ti|» **•- 
s* .Vte-ta-wsi, HMaMiastW 

■» *■ —«*» — ji g 
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Arithmetical Machines—II* 

Their History, Theory and Methods of Construction 
By H. E. Goldberg, M. W. S. E. 


Concluded from Sciumnc American Supplement No. 2038, Page 60, January 23,1215 


K ey-rel JfaeMnet.—In the dam at kay-set adding 
ni a ohln s* an* to to found sore* of tto toat known ma- 
oWfosE, *oob aa tto Burroogta and Walaa The Bur¬ 
roughs la constructed about aa follow*: (Big*, 7 and 8.) 

There la a bank of kaya for each decimal pUc*. Bach 
took la provided with toy* haring tto value* 1, 9,8, i 
6, 6, T, 8, and 6 l Co-operating with tto toya of each 
bank la a bar A, which baa a aeries of projections upon 
it, /», f, f, *p to P>. Node* that J» ft very close 
to tto bottom of tto toy 1, In Bust, Just’ one step re¬ 
moved. la two steps from tto bottom of tto toy 2; 
f hi nine Step* from tto bottom of key 9. There la a 
spring 0 fending to move tto gear tar to tto left, tot 
it k prevent e d from so moving by the Interference of 
tto (Tom bar D. When tto operator d epr esses a key, 
to poatoa Its bottom Into tto way of tto co-opart ting 
projection upon the bar. The operator, having thus set 
op tto keys for tto number desired, pntla tto baodlo. 
This advances tto tar D to the left, thus removing its 
Interference, Tto bars A follow tto bar aa far aa they 
ran, that to, unto each bar hits tto projection upon 
tto toy depressed In its bank Bach tor to thus ad¬ 
vanced a number of steps corresponding to tto value 
of the key dep re ss e d- Homo of 70a have already 
noticed tto fact that If no key to deprowed there to 
nothing to stop tho gear bar In It* advance. It, there¬ 
for*, would move the maximum amount, say nine Of 
course, this most to prevented In an actual machine, 
and to so prevented by a special atop which prevents 
tto bar A from moving, bat which stop to pushed out 
of tho wsy by the pushing down of any key 

TotaUccr.—toa will notice that Fig 8 to drawn to a 
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larger scale than Big. 7, This to for tto purpose of 
illustrating tto totaltoer During tto advance of the 
gear bare, tto totaltorr wheels T were not In mesh 
with them. After the bam have finished moving left¬ 
ward, tto totaltoer to lowered Into mash with tto bare 
When tto CToea-bar D to pushed back, It pushes hark 
tto gear bars to their original place, and tto meahed 
totaltoer wheels are thus rotated an amount oorreapond- 
lug to tto value of tto key* sot up 

Immediately after tto rotation of tto totaltoer wheal 
by the gear bar, the carrying mechanism operates. Tto 
tene-rarrytng mechanism U constructed somewhat aa 
follow*: 

imagine tto totaltosr wheals T mounted 00 an axis 
and each wheel provided with a carrying projection TP. 
Between each two wheels to a lever B mounted, let us 
say, friction-tight upon Its fulcrum, end taring e tooth 
r in th* pathway of tto pin TP Tto wheel T rotates 
In tto direction of tto arrow, and In due time Its pin 
TP wfll strike F and posh away tto lever B This rtrik- 
log and pushing away of tto tower to due notice that 
tto wheel has 00mpitted a cycle of motion; that to, 
arithmetically, it should carry a ten Into tto nest 
higtor wheel to tto toft Any wheel that ahoold tens- 
earry wtll, therefore, have pushed «way Its lever. Any 
wheel that should not tana-carry wO) not have pnstad 
away Its lower. Tto wheels T are rotated by tto racks 
B upon tto bar A, which, reeks B In their tom are 
.palled by springs l fastened both to tto racks and to 
tto -tor A. Utah reek B to provided with a book / 
mat strike* against the and of the tow B whenever 
(tat lam to la It* approached poaitloa; that to, u 
long kg tto War hga not toee pushed away by tto 
when. Bpt Whan the tow to* been pushed away by 


ItotoaA, It «ntare Maw tto law, and thus mow 00* 
Stop te tter to tto right tin It would hare moved If 

V'to'atoppad by tto lever B 
***** to ft* right. Stock tom to tore la moved by 
tto*Uto»«ktoirktttoi«fi!t That to. easily, tto 
s toto fcfr to tto » *f a stoat against to tow deter- 


only tto movement which It would otherwise receive, 
but also an additional step of movement, that to, the 
tens have tom carried into It 
The above mechanism to almost Identical with that 
used In tto Burroughs and the Dalton machines. Varia- 
tluos are found In tto Moon Hopkins and many others 
The mechanism as described to Irreversible, that to, 
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It will not work If tto wheels T rotate In the opposite 
direction Tho wheels would he stuck when the pin 
TP would striko F This sticking of tto wheel at this 
I mint when rotating In the opposite direction Is used 
In tho above machines In bringing said wheel* to tto 
sere position, as In erasing s number on a totallser or 
in the printing of a total Tlve tens-carrying of this 
mechanism Is, of course, successive The wheel to 
the left does nit carry until the wheel to the right ha* 
done so, bat It I* very rapid, sod In practice but little 
time Is occupied thereby 

A totallser like tto above that accumulates simul¬ 
taneously, but that carries successively, would digest 
the examples previously usod in the following manner 
(Fig. B) 

Haring already in Its stomach tto first number, 0MB, 
It swallows the second number as a whole, but does 
not assimilate It Immediately. The result aa to tto 
first bite would to C8), ('8). (-8), (’8). Tto little (') 
slums that It to a number temporarily stored up to be 
afterward carried Mechanically It means that the 
lever nest to the wheel has been pushed away. A 
series of digestive step* now occur, which successively 
transform the contents Into the number desired. The 
first dlgwitlve step result* In the carrying of the units 
('1 Into tto tens, thus giving (>8), (’8), (-»>, 8 Thst 
to, the tens rack has moved an extra step. The second 
digestive step produces (’8), (D), 88. That to, tto hun¬ 
dreds racks has moved an extra step The third step 
shows ('0), SON. And tto last step produces 10808 

The totaltoer* of many machines operate on this prin¬ 
ciple of delayed seriatim carrying 

Any machine whose totaltoer would accumulate ami 
carry simultaneously would make but one bite of tto 
whole meal. Thus 8000 and 8009 to 18008. There are 
no machines on tto market whose totaltoer* operate on 
that principle, bat there are quite a number described 
among tto patents Issued In tto United States. Let 
me state here that one mechanical basis for tto possi¬ 
bility of accomplishing all tto accumulations and aD 
tto carryings simultaneously rests on the employment 
of trains of eptcycllo gears. 

Ten-key Mar Mm -Let us go a little further Into 
tto theory of tto ten-key machine*. We noted that 
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every totaltoer has a set of totaltorr wheels, one for 
milts. 0M for tons, another foi hundreds, etc. When 
on a typewriter a number to printed In a oUuau, as 
In imagttg dollar* ant cents preparly, it to the bust- 
tore at tire opaeater to bring tto dairUg* of tto ma¬ 


chine to tto proper place for the first figure, and from 
then on they follow In proper order This readily solves 
tto problem for all typewriter attachments awh as 
tto Wahl and the BUlott-BIstor On some machine*, 
however, aa tto Dalton and tto Moon-Hop kin*, there to 
no carriage which to first decimally placed by tto 
operator When on such a ten key uuuhlne an oper¬ 
ator strikes a 1, how does the machine know that It to 
a 17 Perhaps It to only tto first figure of a number, 
say 12T. Historically, tto accomplishing of tto remit 
was found difficult, aa to shown by tto fleet that In 
the earlier machine* tto Inventor* put down tto figures 
backward Thus 197 usod to be put down, first 7, thee 
2, then L The lint men to show mechanism* which 
permitted the figure* to be written down highest 
figure first, unit* last, were Mr McCaikty and Mr. 
Helmlck, both now of Chicago. Tto Idea occurred to 
each of them Independently, and aa they both applied 
for patents In 1804 some complications arose ae to who 
was tto Inventor. The means by which they accom¬ 
plished the result was tto Introduction of a supple¬ 
mentary carriage capable of storing up a number. 
(Big 10) 

Let there be a aeries of windows through which 
numbers hectare- pawned to the operator of a machine. 
Let W 1 he the units place window, W* tto tens plan, 
eti Let A to a carriage something like tto carriage of 
n typewriter, and provided In a similar manner with 



an ewspement mechanism, and having a tendency 
continually to travel to tto toft This carriage to pro¬ 
vided with a set of wheel* B. Let Jf to a master wheal 
located Immediately to tto right of tto units window. 
The master wheel M Is given a rotation corraapoodlng 
to the figure desired If the figure to an 8, tto master 
wheel would be rotated eight steps by any suitable 
mechanism This master wheel If thus routes tto 
leftmost wheel of tto carriage, bringing tto figure 8 
opposite to tto row of window*, but not yet under tto 
window In sight of the operator When the operator 
release* hi* finger from the keys, tto escapement mech¬ 
anism of the carriage causes tto latter to advance one 
step to tto left. The 8, therefore, comes Into view In 
the units window Tto moving of the carriage has 
thus brought opposite to tto master wheel tto nest 
wheel to tho right. Tto pushing down of another key, 
say 7, by the operator, cause* tto master wheel it to 
Introduce a 7 Into this second wheel, and tto subsequent 
escapement and moving of tto carriage another step 
to the left brings this 7 Into view In the units window, 
moving tto original 8 Into tto second window, the 
whole number now visible bring 87 And *0 on A set 
of totallser wheel* T la located In alignment with tto 
window*, and tto carriage with It* wheels is, therefore, 
brought Into alignment not nnlj with the window*, hut 
also with tto totallser w beets Further operation de¬ 
pend* upon tto cunMtructiou of tto machine But In 
even ten key machine where It Is not the operator that 
first determine* what decimal place Is to to operated 
In a traveling carriage Is provided for storing up tto 
numbers, which carriage travels toward tto left In 
Klg 10 the traveling carriage la represented as pro¬ 
vided with a set of wheel* wblih are routed by a mu 
ter wheel. 

Big. U represent the construction of the Moon Hop- 
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kliw and the Dalton machines—more particularly the 
Dalton. There are ten key*, 0. 1. 2, 3, 4, 0. 0, 7. 8, 8. 
which are fulcrumori open an axis. The back ends o t 
the key* are bent together to form a line, and end In 
a series of projections, P‘, P‘, P‘, etc. Pushing down 
tbo Unger piece at the front of the key pushes up the 
corresponding projection upon the buck of the key. 
Traveling Immediately above the projections at the 
backs of tbo key levers Is a carriage V provided with 
dccbnal banks of nto|w, each *top, say, frlctlon-tlgbt in 
Ita bearing*. Tbe carriage Is provided with an eaca|«- 
tncnt mcchanbun like that of n typewriter. It can 
thus bo seen that when an operator presses, say, key 
7, the pin corrrapnndlng to 7 will bo inwlied np as 
shown In Fig. 11, and the carriage will advance one 
step to the left, bringing a new bank of stops over the 
projections that are at the backs of the keys. The keys 
can llicu operate upon the next hank of stoix, and the 
number Is thus set up upon the carriage. 

After thn number has Ison set up upon the *to]M In 
the carriage, It is transferred to the totallscr by mean* 
of some large sectors H, each of which Is provldod with 
a Auger P caimblc of striking the stop o]ipoeltc to It In 
the carriage. Normally, the sectors are held back by 
means of a h«r li against the force of the springs f>; 
but when the bnr Is moved, ns Is done daring the lull¬ 
ing of tbe handle, Its resistance Is removed, ami the 
sectors advance ns for as they can, that Is, until tltey 
are stopped by the protruded pins In the carriage. lu 
the Moon-IIopklu* machine, racks Instead of sectors 
are used; otherwise the morbnnlmn Is about the same. 
The carry lug mechanism lu both of these machines. Hie 
Moon-Hopkln* and the Dalton, la similar lu theory to 
that desertion] In connection with tha Burroughs ma¬ 
chine. 

1 bare given no space to printing mechanism, which 
Is unite a problem In Itself, particularly the non-print 
lug of the acrus at the left of a significant figure. Thun, 
III ■ maabtne which has, say. seven decimal places, the 
number 10110 would have tbe three leros to the right 
of the 1 printed, whereas there would be no no roe 
printed at the left of the 1. The printing mechanism 
varies considerably In the machines on tbo market As 
a general principle, the mechanism for the preventing 
of the printing of tha nndeslrcd oeroa works by pre¬ 
venting tbe printing hammers from flying to make au 

Multiplying and Dividing Machines.—A multiplying 
and dividing machine differs from an adding machine 
In that It must preserve the multiplicand that Is set 
tip on the mechanism. All multiplying machines, with¬ 
out exception, preserve the multiplicand (luring tlie 
process of multiplication. In adding machines, the 
addend la destroyed after the first addition. Figure 
13 shows a diagrammatic representation of the mech¬ 
anism of Grant’s arithmetical mill. Tbe machine Is 
supplied with a carriage C capable of being reciprocated 
by means of n crank D. Mounted In tbe carriage are 
a eerie* of racks K, each provided with a handle B, by 
lueiuia of which the operator can advance It In the 
carriage to any desired position. In the figure, one of 
the racks only la shown, and It Is advanced four steps. 
Of course, there la a rack for each decimal place, one 
for uults, one for tens, etc. Tbe operator advances 
each rack the deelrod amount, and the machine locks 
these racks Into place In the carriage. The rotation of 
llie crank D then advances both carriage and racks to¬ 
ward tbe totallier wheels T, which ire thus engaged 
by tlie racka, and each la rotated an amount dependent 
uihiii tlie distance that Its particular rack has previ¬ 
ously lieen advanced. There Is, of course, mochanlam 
for preventing the rotation of the wheels T upon the 
return movement of the carriage and racks, hut Into 
that I shall not outer. Notice that by this means tbe 
number set up upon the carriage Is not disturbed, but 
cuu be used over and over. 



In Fig. U la shown another meaoa that la used In 
uiultl|ilylnjT machines for inserting the number In tbe 
lirfnllier. For each decimal plum there Is a barrel B, 
isiri of which, approx I urntcly ouo-thlrd, Is covered with 
teeth which vary In length from a maximum to a mini- 
mam, and bare tba raltma B to a Parallel with Urn 


axli of the barrel Is a square abaft 0, whereas U aUd- 
ably mounted a gear D, which, by means of a bundle B, 
Is slid by tbe operator oppatita any desired point Tbe 
rotation of tbe barrel will, therefore, cause the wheel 
ll to he rotated a number of Otspe, dependent upon tbe 
number of teeth on tbe barrel B opposite said wheel. 
That ts, it will be rotated only ooe step when It Is 
opposite tbe lower end of tbe long tooth, and nine 
steps when It Is opposite all of tbe teeth, es at tbe 
upper end. Tbe figure to tbe left shows a development 
ut the surface of tbe barrel. Tbe reason why tbe teeth 
u|K>n the barrel occupy only about ooe third of tbe 
circumference la that tba other two thirds Is used In 
the carrying mechanism, which I shall not Illustrate 
at this moment Tbe above mechanism ts the ooe In¬ 
vented hy Delimits about 1675 and la now used In the 
Thomas, the nurkhard, the Tim, the Baxoata, the 
Archimedes, the Monroe, end many others. 

The mechanism In Fig. 14 represents the construe- 



Ft 0.15 


Moo of the Hrunsvlgn machine and It* brethren, the 
Thales, the Triumphs tor, tha Ma rehand, and others. 
There la a drum A capable of being rotated about its 
axis, and provided In each decimal place with a mech¬ 
anism Ilka the one before us. In each decimal place 
there Is a rotatable com provided with a handle B, hy 
means of which tbe operator may rotate It about tbe 
axis of the drum A. Tba operator may tbo* project 
outside of the circumference at the drum a series of 
pirn P, or retract them into the circumference. In 
Fig. 14 we see that sir pins have been projected, where¬ 
as three remain below the surface. Mounted upon axes 
parallel to that of tbe drum are two totallaer wheels 
7" and 7", always in meeh with each other, and each 
provided with ten teeth. It Is evident that a rotation 
given to tbe drum about It* axis will cause the pro¬ 
jected teeth or pins P to pass by tba teeth of 7* and 
rotate It an amount dependent upon the number at 
pins set out Moreover, this will occur at every revo¬ 
lution of tbe drum. 

Hhould the drum be rotated in tbe opposite direction, 
then tbe wheels 7* and I* will still be rotated an equal 
amount, bnt in tbe opposite direction, thus accomplish¬ 
ing subtraction instead of ad di t ion . 

The carrying mechanism of tbe Bnuuriga will now 
be sketched. Upon tbe wheel 7* la a pin TP, Cooper¬ 
ating with the pins Is a lever L mounted, say, friction- 
tight opou ita fulcrum. It is evident that whenever the 
pin TP pasaea by tha lever, It will pooh it away from 
the wheel 7 s upward toward tha dram A, The lever L 
carries a peculiar wedge-abnped piece W near tbe drum. 
Fig- 16 "howa a view of tbe wedge takan on a plane, 
Including the axes of tbe dram and the two sets of 
wheels. Mounted on the drum la a special carrying 
tooth 10, It la normally held to tba right by means 
of a spring, and In passing will not angaga the wheel 
7* to tbe left In Fig. 16 am shown two adjacent 
wheels 7*, two wedges W. one to the right and ooe to 
the left, and two special carrying teeth 10. The carry¬ 
ing tooth 10 to tbe right l* In Its normal position. In 
pausing hy tbe wheel 7" it would not be Interfered with 
by the wedge IF. It would, therefore, mtas tbe wheel 7". 
fluppuar, however, that previous to the cumin* around 
of the carrying tooth 10, tbe wedge IF had been pushed 
In the trey of tbe tooth 10, as la shown by the wedge to 
Itu> left.-the tooth 10 would now strike the wedge Im¬ 
mediately before striking tbe wheel 7*. It would thus 
be shoved to tbo left kwMa PMslnf by would engage 
him! turn tbe wboel P one atop. It would tons rotate 
said wheel a special earning atop. 

In order that the carrying steps Upon toe various 
wheels of toe totalte* shall not Interfere wito each 
other, three stops are made euocemlve. Ooe 1* com¬ 
pleted before tbe Otter commence*. To aooompltah tola 
the teeth 10 are placed to a spiral around toe drum. 
The spiral always operate* salts first, tana nett, eta. 
This may require that there dull be a different antes! 
for subtraction than foe adffKfc* sad to too Bnnsrri*, 
toe Monroe, and other «mr*tore tot* to ftfoompHalM 

hr providing two Mrala, owe to which la fffeeftr* for; 
addition, and toe ether one for rtriractfon. 

The above auitiplytag. a# dtvtatoq meek** meftK 


cam) to rapidly added son* time* Store the hbtoept 
possible figure to »and too towed to 1, wo might aft* 
that too average figure is 5 , and that there repeated 
addition multi plying machtoaa require five store for 
multiplying by an avenge figure There are however, 
multiplying machines which do not operate m too **- 
pea ted-addition principle. They embody to their maeb- 
inlxm a mechanical representation at to* multipOco- 
tlon table. 

In Fig. 17 U shown too multiplication table as taggkt 
to ns In school. Please notice that I bare filled oart 
each product until tt 'always contain* two flgvrto, one 
In tbe tern place, another in toe anlta. Immediately 
below we we a section of this tonitipUeatioo table taka* 
through 7, and above that are toe product* mpresswfofi 
mechanically by various lengths of ptea, toe first pin 
representing the ten* place, and the eeeoM pin the 
units piece. Fur Instance, 6 X 7 — 42 to rspresmrfefi 
by a pin In the tens place whose length to 4, and another 
phi In the unit* place whose length to 3. The scheme 
Indicated, namely, the representation iff the mattipUce- 
tluu table by different lengths of pine, wan. toe ore 
first proposal as a mechanical representation of tha 
multiplication table, and waa brought out by Iren 
IkilK'c, a Frenchman, many year* ago—I think la U06. 
After him there came many others. Kindly notice that 
In a multiplication-table multiplying machine it la neces¬ 
sary to perform two additions for each decimal place, 
namely, the addition of the figure* In the tens plane and 
the addition of the figures to the units place. This would 
hc«u to Indicate that the multiplication-table multiply¬ 
ing machine requiring only two additions per decimal 
place Is about two and a half times aa fast as tbe re- 
iwuted-adrtltton multiplying machtnea, which require fire 
additions on the averago for each decimal place. In 
practice, however, tbe difference la considerably reduced 
by the special mechanism that moat be operated In 
the multiplication-table multiplying machine*, and 
which do not occur In the repeated-addition multiply¬ 
ing machines. 

Tbe above refers to too multipliesthm of a multipli¬ 
cand hy a multiplier of a single figure, say, 4806 by 7. 
In case tbe multiplier has more than on* figure, it to 
neemaary to move aotne portion of the mechanism rela¬ 
tively to another to thereby shift the decimal place. 
Thl* 1* accomplished on moat machines by hand, bn 
on the Mono-Hoptdn* and Millionaire machines It to 
accomplished automatically. 

Dividing itacMinct .—Division Is ordinarily accom¬ 
plished mentally by guessing at a trial divisor, attempt¬ 
ing the division, seeing whether It to right or wrong, 
and correcting the reault in accordance therewith. Thl* 
(mowing process has not been followed mechanically; 
In tbe machine* that divide, division la accomplished by 
continuous subtraction of tbe dlv-laor and toe determina¬ 
tion when that divisor has been subtracted a sufllctont 
number of time*. In the machines on tbe market Otto 
determination occur* whenever tbe remainder obtained 
hy the con tin non* automation of tbe divisor fnan toe 
dividend become* negative. That In, it ooonre jnat one 
Step too late. This necessitate* one retracing step to 
correct the error Just Introduced. The machine*, there¬ 
fore, operate a* follows: 

Hubtract, subtract continually until toe remainder 
becomes negative. Thl* Is now one step too for. There¬ 
fore, add once to correct tola last wrong aobtractkm 
and then step down ooe decimal place, and repeat the 
process. 

In arena machines on the market toe operator has to 
watch to see when the remainder will become negative, 
lb others, namely, toe Millionaire, toe Brunsrlgji, the 
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The Birth-Time of the World' 

Methods of Determining Its Age 
By Prof. J. Joly, Sc.D., F.R.S. 


Of mb earth's origin vs hat* DO certain knowledge; 
asrsraw* assign say data toll’ Possibly its formation 
VU n STtolioffadnal tital lbs benfantof wu spread 
art* tomm m periods. We een only traes the history 
book to curtain • rente which nay with considerable 
sactahriy be ispurdsd M ushering In onr geological era. 

Notwithstanding onr limitations the date of the birtb- 
tim* of our geologies! era ie the moet Important date in 
srianos tot in taring into our minds the spacious 
history of the anirene It moet play the part of Ume- 
nnlt epos which ell our eonoeptiou* depend. If wo date 

ee did our forerunner*, we mnet ehape our ideas of 
piaaetary tint* aooordingiy; and the duration of onr 
enter system, and of the heavens, becomes comparable 
with that of the dyneetiee of anoient nations. If in 
Wiiltnae of yean the eun end etan are proportionately 
TMantde. If in htudrede or thousands of millions of 
yean the human mind mnet oonaeat to correspondingly 
rast epochs for the duration of material changes. The 
geologies! age play* the nme part in our views of the 
duration of the universe as the earth's orbital radiu* 
doss in onr views of the Immensity of speee. 

A study of the rook* shows us that the world was not 
always what It now Is and long has boen. We live in an 
epoch of denudation. The rains and frosts disintegrate 
the hffls; and tho riven roll to the sea the finely divided 
particles Into which they have been resolved; as woU as 
tiw salts which have boon leachud from them. The 
sediments collect near the coasts of tho continents; the 
dissolved matter mingles with the general ocean. The 
geologist has measured and mapped these deposits and 
traced them back into the put, layer by layer. He finds 
them ever the same: sandstone, slates, limestones, etc. 
Bat one thing is not the same. Lii] * grows ever less 
diversified in character as the sediments are traced down¬ 
wards. .Mammals and birds, reptiles, amphibians, fishes, 
die out snooted rely In fte put; and barren sediment* 
ultimately succeed, leaving the first beginnings of life 
undecipherable. Beneath these barren sediments lie 
roeks collectively differing in character from thou above; 
mainly volcanic or poured out from fissures in the early 
crust of the earth. Sediments ere scene among these 


There eaa be little doubt that in this underlying floor 
of Igneous and metamorphie rocks we have reached thou 
surface materials of toe earth which existed before the 
long epoch of sedimentation began, and before the sou 
flams into being. They farmed the floor of a vaporised 
ocean upon which the waters condensed hare and there 
from the hot and heavy atmosphere. Such wtre the 
probable oonditione which preceded the birth-time of 
the ooean and of our era of life and its evolution. 

It le from tUs epoch we date our geological age. Our 
next purpose is to ooadder how long ago, measured in 
yean, that birth-time was. 

Tit ms nr ran nuonsras or ras samnnirre. 

The earliest recognised method of arriving at an esti¬ 
mate of the earth's geological age is baaed upon the 
measurement of toa oolleotive sediment* of geologies! 
periods, and eonrista in measuring tbs depths of all the 
— oss ri vs sedimentary deposits where there are best 
developed. The total of there measuwsnenta would tefl 
« toe age <rf toe earth if their tale m indeed complete, 

andJf we knew the avenge rate at which they have been 

deposited. Thu H Is not easy to measure the real 


toteknare of a deposit. It may be folded back upon 
ttatff, and so we may manure it twice over. We may 
esaggsrats lie toleknare by measuring H not quits strelgb t 
Mtoto toe tosMtog or by unwittingly including volcanic 
materials. On t*e otosr hud, V*r* may be daposlu 
wUoh cm hunwAli to us: or. iwn. on entire ibMM 
Of deporita; either because hot laid do*n in the areas we 
tottrine, or, if laid down, again trashed Into the see. 
1 There poOtoee of reror In part neutralise one another. 
SttoO TP*"* to "H*r age too lot*, others make it 
out too short, Brtwsdonrt know* a Uiaooeof error 
ditto not sriB remain. Here, howsrsr, is a tabtoof de- 
porits whisk itonsaarieas a great deal of our knowledge 
the tlrirtH to s of tha, stratigraphies! MnnmUtkm. 

Hkdto>«W.MkfV 

■ f z«t atokplaeaws require to know toe avmage rata 
these reeks *«*U# down. This Is really toe 



Foet. 

Recent and Pleistooene.4,000 

Pilooen*.13,000 

Mlooone.14,000 

OUgoome.12/tt) 

Eooene.20,000 

-63/W0 

Upper Cretaceous.24,000 

Lower Cretaceous.20,000 

Jurassic. 8,000 

Trias.17/100 

' -00/100 

Pw Fmk n. 12.000 

Carboniferous.,.20,000 

Devonian.22,000 

-63,000 

Silurian.1/1,000 

Ordovician.17,000 

Cambrian.26,000 

-58,000 

Koweenawan 1 . 50,000 

Anlmlklan I AHtonkian. 14,UK) 

Huron Ian \.18.000 

-82,000 


Archaean. 7 

Total. 335,000 feet 

weakest link In the chain. Thr most diverse resulu 
have been arrived at, whleli iqiaw dot* not permit us 
to oonsidpr. The value required is most difficult, to 
determine, for it is different for the different classes of 
material, and varies from river to river according to the 
oondition* of discharge to the sea. We may proliahly 
take It as between two and six inehce in a eontury. 

Now the total depth of the sediments as we see Is 
about 335,000 feet (or 6* miles), and if we take the rate 
of oolleoting a* 3 inch** in a hundred years wo got tho 
time for all to ooileot as 134 millions of yean. If the 
rate be 4 inches, the time l* 100 millions of yean, which 
is the figure Qeikie favored, although his result was 
baaed on somewhat different data Bollai must recently 
finds 80 millions of yean.' 

ras ms ev ras mass or tub sediment*. 

In the above method we obtain our result by tho 
measurement of the linear dimension* of the sediment*. 
There measurements, as we have seen, sre difficult to 
arrive at We may, however, proceed by measurements 
of toe mas* of the sediment*, and then the method ho- 
enmee more definite. The new method is pursued as 
follows: 

The total mass of the sediment* formed since denuda¬ 
tion began may b* ascertained with comparative ao- 
euraoy by a study of the chemical composition of the 
waters of the ooean. The salts in the ocean are un¬ 
doubtedly thrived from the rocks, increasing age by age 
as the Uttar are degraded from their original character 
under the action of the weather, etc., and converted to 
tho sedimentary form. By (tampering the average 
chemical composition of these two classes of material— 
the primary or igneous rocks and the sedimentary—it 
is easy to arrive at a knowledge of bow much of this or 
that constituent was gtvon to the ocean by each ton of 
primary rock which was denuded to the sedimentary 
form. This, however, will not assist us to our object 
unless the ocean has retained the salts shed into it. It 
hat not generally done to. In the case of every tubstanoe 
but one only, the ooean oontinuully gives up again more 
or lest of the salts supplied to It by toe rivers. The 
ona exception Is toe dement sodium. The great solu¬ 
bility of its salts has protected it from abstraction, and 
dt bat gone on collecting during geotogteal time, practi- 
aatty in its entirety. This gives us the due to the 
denudative history of the earth. 1 It is the secret of the 


The process is now simple. We estimate by chemical 

of sodienp which has been supplied to the ocean per 
ton, of sediasnt prodtoed by denudation. We also 
calculate the amount of sodium contained in the ocean. 
Wo divide the one into the other (stated, of course, in 
the same units of mare), and the quotient gives us the 
aumbre of tons of sediment. The most recent estimate 
of the sadfansaita made in this manner affords 00 x 10" 
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Now we are assured that all this sediment was trans¬ 
ported by the riven to tho sea during geological time. 
Thue it follow* that if we ean estimate the average 
annual rate of the rivor supply of sediment* to the ocean 
over the past we ean calculate the required age. Now 
the land surf see is at present largely covered with the 
sedimentary rooks themselves. Sediment derived from 
these rooks must be regarded as, for the moet part, 
purely cyclical; that is, circulating from tho sea to the 
land and back again. It does not go to increase the groat 
body of detrital deposits. Wo cannot, therefore, taka 
the present river supply of sediment as representing that 
obtaining over the long past. If the land was til ooverod 
stilt with primry rocks wo might do so. It has been 
estimated that about 25 per cent of the existing continen¬ 
tal area Is covered with arehran and igneous rooks, tho 
remainder bring sediment*.* On this estimate we may 
find valuable major and minor limits to the geological 
ago If wr take 25 per cent only of tho present river 
supply of sediment, we evidently fix a major limit to the 
ago, for it is certain that over tho past there must have 
lieon on the average a faster supply. If we take the entire 
river supply, on similar reasoning we hare what is 
undoubtedly a minor limit to the age. 

The river supply of dnlritel sediment has not been 
very extensively Investigated, although the quantities 
Involved may Iw found with comparative ease and ac¬ 
curacy. The following table embodies tho results ob¬ 
tained for some of tlie leading rivers. 1 



Wo ace that the ratio of the weight of water to the 
weight of transported sediment In six out of the nine 
riven do,* not vary widely. The mean is 2,780 to 1, 
But this Is not the required average. Tho vator-dls- 
eharge of each river has to be taken Into account. If w# 
ascribe to too ratio given for each river tho weight proper 
to the amount of water it dischargee, the proportion of 
weight of water to weight of sediment, for the whole 
quantity of water involved, ooiuos out as 2,520 to 1. 

Now if this proportion holds for all the riven of the 
world—which collectively discharge about 27 X 10“ 
tonnes of water per annum—the river-born detritus is 
1.07 X 10“ tonnes. To this an addition of U per cent 
has to bo made for sill pushed along the river bed.* On 
these figures the minor limit to tho age comes out as 47 
millions of years, and the major limit a* 188 millions. 
We sre here going on rather deficient estimate*, the rivers 
involved representing only some 6 per cent of the total 
river supply of water to the ocean. But tho result la 
prelmbly not very far out. 

Wo way arrive at a probable age lying between the 
majorand minor limit*. If, first, we take too arithmetic 
mean of these limit*, we get 117 millions of yean. Now 
this Is almost certainly excessive, for we bore a ssume that 
the rate of covering of tho primary rocks by sediment* 
wa* uniform. It would not be so however, for the rate 
of supply of sediment must have been continually dimin¬ 
ishing during geological time, and hence are may take 
it the rate of advance of the sediment* on the primary 
rocks ha* also been diminishing. Tbo avenge rats of 
supply has therefore been greater than the mean rate. 
Now we may probably take, as a fair assumption, that 
the sediment-covered area was at any Instant Increasing 
at a rate proportionate to tho rate of supply of sediment; 
that Is, to toe arm of primary rocks then oxpoeed. On 
this assumption tho age Is found to bo 87 millions of yean. 

THE AUE BT THE SODIUM OF THE OCEAN. 

1 have next to lay before you a quite different method. 
I have already touched upon toe ohemistry of the ocean, 
and on the remarkable fact that the sodium contained 
in it has boot) preserved, practically, in its entirety from 
the beginning of geological time. 



*Tta TtUo, OomsNs K»t*m (Paris), vol. extv. IMS. 
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There U little doubt that the primeval ocean wia b 
the condition of a Freeh water lake It can be ehown 
that a primitive and more rapid eolation of the original 
cruet of the earth by the elowly cooling ocean would have 
given me to relatively email aahnlty The fact w the 
quantity of salts in the ocean liemrmou* We arc only 
now concerned with the lodium but if we eould extract 
all the rock ealt (the ohlonde of eodium) from the ocean 
we would have enough to cover the entire dry land of 
the earth to a depth of 400 fett It la this gigantl 
quantity which w going t< ntor mt or cellmate of th 
earth s agi The calculated mace of eodium nonta n d 
b thie rook-ealt la 14 130 million million tonne* 

If now we can determine the rate at which the riven 
supply eodium to the ocean wo can determino the age ' 
Aa the reault of many thouaanda of nver analytes the 
total amount of aodlum annually d acharged t the m can 
by all the riven of the world u f nd to be pro! ably 
not far from 176 million tonnea * Dmd ng thia into 
the maa* of oceanic eodium w< git the age u 80 7 
mllliona of yean ( ertain c rroct on* have to be ap¬ 
plied to thia figure which mutt in railing it to a little 
over 00 milll m f yean By th a method Hoi lie geta 
the age aa between HO and luO null na of yean My 
own reault waa between HO ai 1 00 ill one of yean 
but I aubaequently f< und that upon eertam extremi 
aaaumptioua a maximum age might be arrived at of 106 
mill lo ne of yoan 1 Clark r garde the HO 7 million* 
of yean ag certainly a maximum m the light of certain 
ealoulabona by Beaker 1 

The order of magnitude of tbeae mult* cannot be 
ahakenunlan on tie aeeumption that than t* aomothbg 
entirely misleading m the costing rate of solvent de¬ 
nudation On the atrength of the reaulta of another and 
•ntirely different method of approaching the question 
of the earth a age (which ehall be pmently referred to) 
It has been contended that It la too low It la even 
aaaarted that it la from nine to fourteen tlmea too low 
We have then to oonaider whether ruoh an enormoua 

involved cannot be aerbualy impugned Correction* 
for possible errera applied to the quantities entering 
Sato thia method have bean considered by varioua wrltera 
My own original correction* have been generally eon 
finned I Uunk the only point left open for discussion 
la tha principle of uniform!tanaaum involved b thia 
method and b tha method* previously dismissed 

la order to appreciate tha forae of the evidonoe for 
uniformity in tha geological hutorv of tha earth It la 
of eouraa necaaaary to poaaeaa aa acquai n ta nce with that 
hiatory Borne of the moat eminent geologist* among 
whom lode and Qcilde 4 may bo mentioned have upheld 
the doctrine of uniformity It must hare suffice to dwell 
upon a few points having special reference to the matter 
under discussion 

The mare extent of the land aurfaoe does not within 
limit* afleot the question of the rate of denudation 
Thu arises from the fact that tha rain supply is quite 
inauflknent to denude tha whole ousting land surface 
About 80 per cant of it doaa not m hot drab to tha 
ocean If the continents become Invaded by a gnat 
tmnagnaabn of tha ooean this rainless ana dimm 
tthes and the denuded ana advances toward without 
dimbution If the ooean rooedaa from tho pres e nt strand 
Unas the rainless ana advances outward but the 
ram (apply being sensibly constant no change b the 
rtvar supply of salt* is to be expected 

Agadong submergence of the entire land or of any 
very large proportion of what now exist* is negatived 
by the continuous sequence of vast areas of sediment 
m every geological age from the earliest times Now 
sednnent-reoeiving arena always an but a small fraction 


Th* miiMiraiMls a* a mil * of feat are ImpraoUcaMs The 
•aHattr weald aalr (ate (H ell reaslred la eotuiioa) oae mUUanth 
pert fat 100 Ivan tad afowme Has ooagnuoos refaction of milt 
by th* ocaoo would BvaMata the sutbod The lert objection 
olao laveHdatee the o el cn lati on by T MdUord Baade (Tree 
Uwpeel Umt 3««JL07*) of a minor Halt to the ego by the cal 

to me wbm working out my matted^Htite * paper wsa*! 
thlnh only brought to tight in IMS 
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of thorn exposed areas whonoa the tadbasnte an sup¬ 
plied « Hence b the ooatfaoosa racer* Of the sedi¬ 
ment* we have ssreraaoe of the contin u ous exposure 
of the ooutanenta above the ocean surface The doctrine 
of the permanency of the oontinenta ha* in its mab 
feature* been accepted by the most eminent authori¬ 
ties As to the actual amount of land which was ax 
poeed during past tunas to danudative offset* no data 
exist to show it was very different from what is now 
xp» ted It ha* been estimated that the avenge ana 
of tl North American continent over getdogio time 
w * about eight-tenths of Its existing am 1 Restore- 
t on* of other oontinenta to far aa they have been at¬ 
tempted would not suggest any more serious divergent y 
one way or the other 

That climate b the oceans and upon the land was 
throughout much as it Is now the continuous chain of 
teeming hfe and th* sensitive temperature limit* of 
protoplasmic existence an sufficient evidence " The in 
fluenoe at once of eltmaU and of Novation of the land 
may he appraised at tiwtr true value by the ascertained 
facta of solvent denudation as the following table shows 



In this table the estimated number of tonne* of matter 
m solution which for every square mile of area the nm 
convey to the ocean in one year is given in the first 
column These result* are oompOed by Clarke from a 
very large number of analyse* of river water* The 
second column of the table give* the mean height# aa 
me ten above sea level at the several continents in 
cited by Arrhenius • 

Of all the denudation results given in the table those 
relating to North America and to Europe an far the moot 
reliable These show that Europe with a moan altitude 
of less than half that of North America shod* to tha 
ooean 36 per cent more salt* Hence if it Is true as has 
been stated that we now live b a period of exceptionally 
high continental elevation wu must infer that th* average 
supply of salts to the ooean by the river* of the world 
is leas than over the long past and that therefore our 
estimate of the age of the earth a* already given le 

There is however one condition which will operate 
to unduly diminish our estimate of geologic time and it 
is a condition which may possibly obtain at the present 
time If the land la on the whole now sinking relatively 
to the ooean level th* denudation area tends as we have 
seen to move in Wards It will thus encroach upon 
regions which have not for long period* drained to the 
ocean On suoh areas there is an accumulation of soluble 
salts which the deficient nver* have not been aide to 
carry to the ooean Thus tha salt content of oertab 
of the rivers draining to the ooean will be Influenced 
not only by p r es e nt denudative effeots but also by the 
stored result* of past effect* Oertab rivers appear 
to reveal this unduly Increased salt supply those which 
flow through comparatively arid areas However th 
flow-off of such tributaries is relatively small and the 
final effeots on the great riven apparently unimportant 
—a result which might have been anticipated wbm the 
extremely slow rote of the land movement* Is taken 
Into account 

The difficulty of effecting any reoownllaticro of the 
methods alroadv described and that now to be given in 
u r e as o k the interest both of the former and the Utter 

TUB SOB ST SADIOACTIVE TmsMTOUtSTIOn 

Rutherford suggested in 1006 that as helium was eon 
Usually being evolved at a uniform rate by radioactive 
substances (b the form of the alpha iay») a determlnar 
tion of the age of mineral* containing tha radioactive 
elements might be made by measurements at the amount 
of th* stored helium and of As radioactive dement* 
giving rise to it The parent radioactive substance Is 
-astordug to present knowledge—uranium or thorium. 
An estimate of the amounts of these dements present 
enables the rate of production of the helium to bo eaten 
la ted Rutherford shortly afterwards round by tbs 
method an age of 340 millions of years for a radioactive 
mineral of prenmabty remote age Btmtt who carried 
his measurements to a wonderful degree of reflnsmsnt 
found the following age* for mineral subttepees origi¬ 
nating m different gaolqgiss i age* 

Oligoosc* 84 mflboos of years, 

hoeene 31 

Lower Carbomfaroo* 160 

Arc bean 710 

Another product of ndbuetiveongb Is land Tht 


nwedon that &**&*—» teigfe temads preiafct* 
to ihtewrini the age d m dsa origfasM wtth 
RutharfUrd W«M» a* Mart mmiA that this 4 MmbI 
cannot seeap* by gaseons diffusion from Ote mte#wk, 
Bottwood s resoite cm th* amounts «f lead enutafasrt <■ 
mfaemte of various ages, jaten fa oonjnpo tiMi trfft fly 

forded ages rising to 1040 miboes of yean for Arch—a 
and 1300 miUkmi for Algonlnan time Beeksr studying 
the same method obtained results rUfrg to quite fa- 
wedibte periods from 1 «71 to 11 «D mffloua Of jtitts. 

mfaation* indefinite. The mom resent results of lb 
A Holms* support the eonchsion that original land 
may be present and may completely falsify results de¬ 
rived from minerals of low radioactivity fa wUah the 
derived lead would be small b amount By ngeotbg 
suoh result* as appeared to bo of this ehamoter he 
arrives at 370 millions of yean a* the age of th* Devonian, 
I moat now describe a very recent method of esti¬ 
mating the aga of the earth Them are boartab mete 
forming minerals oolor-ahanges set up by radloaotive 
effeots The infante and canon* maria so pmduoed 
are known aa haloes for they surround in nogdika 
forms minute particles of included substances wUefa 
contain radioactive element* The partleleb tbs center 
of the halo oontain* uranbrn or thorium and neoessarfly 
along with the parent tabs tone* the varioua aloaeote 
derived from It In tha pro*— of ferautonnation giving 
rise to these several derived substances atoms of helium, 
projected with great vakxdty into the summndbg 
mineral—the alpha rays—ooeaslon the oolor changes 
referred to These change* are limited to the dbtaaoe 
to which the alpha rays penetrate hence the halo Is a 
spherical volume surrounding the central substance " 
The time required to form a halo can be found if on 
the on* hand we oould ascertain the number of alpha 
ray* ejected in tv one year from the nudeue of the halo 
and on the other if we determine by experiment just 
how many alpha raye were required to prodno* th* earne 
amount of odor alteration aa we perceive to extend 
around the nuoleue 

The lattix estimate is fairly easily and surely mad* 
But to know the number of rays leaving the oentral 
partial* b unit time we require to know the quantity 
of radioactive notorial in the nucleus Thu cannot be 
directly determined We can only from known results 
obtained with larger specimen* of Just such a mineral 
substance aa oomposes the nucleus guess at the amount 
of uranium or it may be thorium which may bo present 
Thu method has been applied to the uranium haloes 
of the mica of County Osriow " Results far the age 
of the halo at from 30 to 400 millions of yean have been 
obtained This mica wa* probably formed in the granite 
of lobster b late Silurian or m Devonian times 
The higher mult* are probably the least in error 
upon the date involved for th* assumption mad* as to 
the amount of uranium in the nuclei at the halos* was 
such aa to render the higher reaulta the mare reliable 
Thu method Is of course a radioahtivo method and 
similar to the method by helium storage save that it Is 
free of the risk of error by recap* of the helium the 
effeots of whirit are a* It wore registered at th* moment 
of its production so that ite subsequent escape u of no 


By methods based on th* approximate uniformity 
at denudative affects in th* past, a period of th* order 
of 100 m&Uont of yean has been obtained as tha dura¬ 
tion of our geologi c al age and consistently whether ws 
aceapt for measurement th* aadnnonte or th* dteolted 
■odium Wa oan give reasons why (bare measurements 
might afford too great an aga bat we a*a find absolutely 
no good naeoa why they should give one mnoh too low 

By tha itorage of radioactive products ages hav* been 

yet olaim to pass— aoouraey m thrfr superior Umfts 
and mad those derived from de n ud ati on from shw to 

In this difficulty let ns oenridnr tha Naims of Dm 
radbaottvs method ta any of its forms In order to be 
trustworthy it mart be true (1) that th* rote of trans¬ 
formation now shown by ten parent onbqteas has ate 
temad throughout th# sarin part and (3) Sfco* iter* 
war* ao otter nfitetn w hi te ne ss , ffKter bow or 
brperiy existing sseept ur—him, wMeh fare riae to 
lead A* regards methods breed on the jl r o d aetio u rf 
tedium wh*AW»h*v*to(*y wiBl*r«Ny*Wly tohateo 
If aoms —known fooren of Am Nmtetts ttfate** of 
*eure* on our s re amp t lin ovw —Inte l * tteage. 

A# regards tha first print Ini—fttegare—t—> 
of tteggn to the patent gfib f i—■ utrt N i Bmfc <Kpl 
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Ml** tha |M>i p retied WMflu mkta a dh n at 
bum. 1M» oWwrtF l»qWP»** Ittetaaomptotelna 
ffiMrefcr width may be wry important tit* mode erf 
origin of thee* parent bodice w h a t eve r it may bevs been 
—k uiffMM to that of the eeooadery dement* with. 

JtMrii w# ooapaw them A. ww nww u their rate 
of tatftriornation k not mopoMbte or even Improbable 
i» tar a* v# tesow 

A* Wgrede the second posnt It » Mourned that urea 
lam aloos of the dements in radwactiv# mineral* u 


Resent advanes* in the chemistry of the radioactive 
ekwento have broo*ht oat wndeno* that all three lines 
of raiUoaetlTe descent known to u*—i e tboae beginning 
whh ormnun, with thorium and with actinium—ahke 
eoavasgs to lead " There are difficulties in the way of 
battering that all the Uad-hke atoms k produced ( iao- 
topee” of lead, aa Mr Soddy propoeet to oall them) 
actually noain as stable lead in the mineral* For 
one gang than » aometlmea along with very large 
amount* of thorium aa almost entire absence of lead 
in thonamtas and thorite* And in aome urano-thorite* 
the lead may be notimd to follow the uranium in ap¬ 
proximate proportionality notwithstanding the preeenoe 
of lasge amount* of thorium 11 This favon the assump¬ 
tion t|hat all the lead present is derived from the uranium 
The aottainm k present in negligibly email amounts 

"■fire toddy* Ctotoi of ito fls tt .a trt ss Bomanti (lew 
■was Oram h O o )^ ^ 

■ or thortaatMd'ranrtTto a nbttanos otenkaUr Mootk^ 



On As other hand then I* evidence arising from the 
atomic weight of lead wlueh seems to involve soma other 
parent than uranium Mr Soddy m the work rrf< ired 
to points this out The atomic weight of radium l* 
well known and uranium m its desoent ha* to changi 
to this element The loss of mam hi tween radium and 
uranium-derived load can be accurately estimated by 
tiie number of alpha ray* given oft From thia we get 
the atomic weight of uranium-derived lead as closely 
206 Now the beet determination* of the atomic weight 
of normal lead assign t< tbi* i lemont an aUnw w< ght 
(V closely 207 Bv a somewhat similar cahulalum It is 
deduoed that thorium-derived lead would pomes* tho 
atomic weight of 206 Thu* normal lead might be an 
admixture of uranium and thonum-denvod lead How 
ever as we have «en the view that thorium gives rue 
to stable lead Is boet with Rome difficulties 

If we are going upon reliable fsi t* and figures wo must 
then i ss u me (o) That some other element than uran 
mm and genetically connected with it (prohahty aa 
permit substance) give* nee or formerly gave rise to 
lead of heavier *U mie weight than normal lead It may 
be observed respecting this theory that there is some 
support f w tho view that a parent substance buth to 
uranium and thorium ha* existed or possibly exists 
The evidence is found in the proportionality frequently 
observed between the amounts of thorium and uranium 
in the primary rooks ■ Or (b) We may meet the dif 
floultus in a simpler way whuh may be stated u fol 
lows If we assume that all lead is derived from uranium 
and at the same tune recognise that lead Is not perfectly 
homogeneous in atomic wught we must of necessity 
ascribe W uranium a similar want of hunogeneity 
heavy atoms of urani im giving rise to heavy atoms of 

■ Compere remits for th* thorium mount of such rocks (sp- 
pearlng In s paper br the author dm* Int <Ss BadMofU * * 
AJseWelti rol 1 1810 p 171) sod Ibow for Ih* radium ronUmt 
m oolloctod In PkU Mat October 1VU p 687 


load and light atoms of uranium generating light atoms of 
lead This assumption seems to be involved in the 
figures upon which we are going BlQl relying on these 
figures we find however that existing uranium cann ot 
give nut to lead of normal atomic weight We can only 
com ludt that the heavier atoms of uranium have de¬ 
cayed more rapidly than the lighter ones In this eon 
section it k of interest to note the complexity of uranium 
as rw rally established by Geiger although in this case 
it is ass lined that the shorter lived isotope k genetically 
s mooted with tho I mger-livrd and largely preponder¬ 
ating cons tit unit T hi re docs not seem to be any direct 
proof of this as yet however 

From these considerations it would seem that unless 
the atoinu weight if lead in mammies etc k ink- 
normal the former complexity and more accelerated 
decay of uranium are involved in the data reepeetmg 
tho atomic weights of radium and lead and the radw- 
activo events whuh ooour in the transmutation of the 
one into the other As an alternative view wa may 
assume as in our first hypothesis that some elementally 
different but genetically connected substance decaying 
along branching lines of descent at a rate sufficient to 
practically remove the whole of it during geological 
time formerly existed Whichever hypothesis wa adopt 
we are confronted by probabilities which invalidate time- 
measurements based on the lead and helium ratio in 
minerals We have in short grave reason to question 
the measure of umformitananum postulated in finding 
the age by any of the known at present radioactive 
methods 

That we have miioh to learn respecting our assump¬ 
tions whether we pursue the geological or the radio¬ 
active methods of approaching the age of our eta k 
in leed probable Whatever tho issue it is certain that 
thi rw onoiling facte will leave us with much more light 
than we at present possess either as respect* the earth * 
history or the history of the radioactive elements 


Sea-Salt and Geologic Time* 

A Discussion of Prof. Joly’s Method of Determining the Age of the World 
By H S Shelton, B Sc 


Thi present short article is a reversion to an aspect 
of the subject of geologic time which I had thought to be 
settled and to require no further reeearch or controversy 
In my review of Mt Holmes t book I commented strong 
ty on his ignorance of current literature I now find 
that the same Imperfect acquaintance with recant dis¬ 
cussion and research is shared by the writer who is 
responsible for putting forward the amount of sodium 
in tha sea as an index of geologic tune I assume of 
course that ignasanoe k the e xp l anatio n for I take it 
that no man of scienoe of reoofnixed ponton when the 
enure of his research had been pointed out would de¬ 
liberately ignore the feat and proceed as if his work 
was a valid contribution to the advanceme n t of edenoe 
My excuse, therefore for writing an triads containing 
nothing material which I have not previously published 
k tho following passage for which Sir Ernest Rutber 
ford and Prof Joly are jointly responsible 

Bat it h certain that if the higher values to found 
are reliable the dkerepanoy with estimates of the age 
of the ocean baaed on the now well-eecsrtajned fwta 
of eoleot denudation rebec dlfloultiaa which at preaent 
game m axpUoabto 1 

Tha value* of geologic time referred to based on 
radioactive methods eepemally the age of pteoobrwo 
haloes, I ptopom to ontidse on a future occasion There 
■re good gnxmds which eaaoot be stated here for 
thtaUfeg that all attempts to aaseae exact times (or 
partteoiar geologic epochs by calculation either of the 
tend, ratio* of uranium minerals or othsrwbe ere prema- 
ton, sad an based on an bapwfedt realisation of the 
eompkadty of the sabjeet The objfiot of the preaent 
•rtWa, hovers, Is to tape* the argumento which ahow 
that the alternative method breed on the sal toon tent 
flMfaetmnakcf no value whatewr Not only u (be 
djswjfraacy not htaxpHoabte. there k no discrepancy to 
So mmk «'d I take thk ter panted that, m 
toy la* artiste On the subject • 1 <fad not think It neree- 
«WSHgMgv 



facte (1) that as roughly estimated by Bit J lhn Murray 
of the solid matter dissolved in river water which reaches 
the sea 3 47 per cent is sodium (2) that nearly all this 
hypothetical sodium Is obtained by erosion of tbs rocks 
(3) that when this hypothetical sodium reaches the sea 
none of it returns to the rooks On this supposition 
dividing tha amount of sodium in the sea by the amount 
which reaches it each year an estimate of geologic time 
could be made The objection is briefly that the three 
supposed facts are merely supposed facts No single 
one of them is reliable 

For convenience we will take the second point first 
Of the sodium which actually roaches the sea a consider 
able proportion is associated with chlorine None of 
the sodium ihloride in the nvas can be attntuted to 
eromon Thia Is so for two reasons In tho first place 
It is well known that the proportion of chlonne in tha 
rocks igneous or sedimentary is lnflnitiwnal In 
the seeond place the souroe* of the chlonne have been 
thoroughly well determined In the main they ere two 
oyoho salt carried by the wind from the eea and salt 
due to human contamination It has been found poem 
Wa particularly in New York State to eliminate the 
cue Us salt the amount of which la a function of the 
distance from the ooast and to show that the residual 
chlonne In nver water te a direct function of density of 
population Unices you take the sewage from town 
and country district* directly out to sea the salt in it 
inevitably roaches the riiert If you obtain an abnor 
maily high chlorine ratio when the sewage is supposed 
to be earned out to sea the mffrenee is leakage The 
source which would naturally occur to any one bnne- 
iprings has been shown to be negbfible Even In New 
York State where brine-epnnga ere plentiful there Is 
no appreciable effect on the salt oontont of the riven' 
The only known mean* by which fresh ohlorine reaches 
the sea Mvokante action and it is a point open to dispute 
how much of the vokanfo oblonne is not ultimately 
derived from the sea. It loflowi therefore that of the 
•odium which actually reaches the sea only that not 
anno t a t ed with the chlorine can be counted 
This modi Prof Joly end those who agree with his 
eariier estimate have been willing to admit But Prof Joly 
maintains that if tike ohiorine equivalent of the sodium 
be tubs treated then te vtOl sufficient sodium to neoesM 
tata an eitunate of gcotogto time less than 180 million* 
of yean, Hie reason k merdy bar John Murray i rough 


tat illation of then current analyses and aome more recent 
results it does seem strange however that Prof Joly 
never troubled to inquire whether then were any water 
analysos sufficiently accurate for this purpose It te 
highly probable that Prof Joly a original paper would 
never have been written if he had understood why water 
analyse* are undertaken and the manner In which they 
are actually performed Had he been a water analyst 
or even a chemist the first thing that would have oc¬ 
curred to hun would have been that these sodium 
determinations were docidodly hypothetical Bernal 
chemists have expreetod doubts as to the validity but 
such discussions Prof Joly has either ignored or faded 
to understand' It may therefore surprise Prof Joly 
to bo informed that it is doubtful whether the sodium 
oontent of any tingle river water has ever been accurately 
determined If any such case* have occurred, they are 
very few Let us imagine that there is m a given rempte 
of river water two parte of sodium per million. Booh 
a proportion would t e quite ordinary according to the 
usual tables It would be a very m teres ting problem 
to try to separate this out and weigh it To obtain a 
good wmghable quantity (say 0 06 gram of sodium giYuy 
about 0 15 gram of sodium sulphate*) would require 
25 liters of water the greater part of a carboy and the 
difficulties in the wav of isolating It are such aa any 
chemist can understand 

As a matter of fat t the accurate determination of the 
sodium is a form of amusement in which the ordinary 
water analysts do not indulge Sometimes the alkalis 
•odium and potassium are determined together by dif 
ferenoe that is not determined nt all In n paper* that 
has been sent to me recently the analyst describes his 
methods In this ease everything possible is got nd 
of by the usual math ids of precipitation and the re¬ 
mainder t* evaporated and weighed ss Sodium and 
Potassium Chloride* Th< amount dealt with ie only 
that from 280 eubio ecu time ten of filtered water and 
would of oouree be infinitesimal and the fact that it 
amount* to not more than 2 or 3 per ent of the total 
dlsedvod solid i* a good indication of the general ae- 


Sse particularly dlsnasloa Witt Mr Accord. OSissinsI Nun 
1801 sad P W dirks Dels of OssttmWrg p 110 
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Recent Significant Developments in Science and Engineering* 

A Review and Explanation of the Most Important Advances 


I hi following irkl u ten dciH.rll l what (Mm to be 
the tu si ftlgnlU unt dcrulopinrute lu wnnl of tbe 
h lorn ph ind I randies of engineering Tbe subjects 
h Iced 1 and the material used In tlw desalptlio art 
lue tu tarlous professor* In Cornell University all of 
whom me uutbirltles In tbo several Held* tonebsd a poo 
rHl*[CS 

V Maw Mi CryitaUlM hlrmtvrr—Ooe of tbs moat 
liiterattlng (lovelfi) mauls In modirn physics la the re¬ 
mit dlscoviry that Him ntgeu toys can be redacted and 
diffracted by means cf crystals As au Immediate re¬ 
sult of this dlaooiary not only baa the true nature 
of X rays themselves been I aimed but scientists bare 
been able to oiplore the Inner structure of crystals, 
learning the arrangement of and measuring tbe dls 
tance between tbe atoms of which they are built It 
•ten seems as though we may be able fo probe (till 
deeper by this means, and to find out bow tbe atoms 
themselves are made 

From tbe large amount of expellmoutal evlden r 
obtained In tbe last two ytars we bare every reason 
to believe that \ rays an elcctromagnatlc waves of 
extremely abort ware length about ten thousand times 
smaller than those of oidlnary risible radiation To 
measure three wsre-lu>gths In the usual manner 1 1 
means of a ruled diffraction grating was ibenfoia 
out of tbe question It occurred to Leue that In tho 
regular arrangement of atoms In a crystal we bare 
gistings whose lines ere naturally ruled so doaely 
that their distances are of tbe same order of magnl 
tude as tbs ware-lengthi of X rays Meson Friedrich 
and Snipping tried tl>e experiment of passing a fine 
beam of X rajrs through a crystal of line blende a 
abort distance behind which waa plated a photographic 
plate Upon dareloplng tbe negatlre they found a re¬ 
markable group of spots arranged symmetrically about 
the central lmagai 

But within the part year still mire Interesting re¬ 
sult! bar# been obtained by Irof W H Bragg and 
his son W L Bragg* wbo bars used this method to 
determine tbe structure of crystals Mr W L. Bragg 
explain*! each spot on the photographs as being dua 
to tbe regular reflection of the beam of Xrays from 
a plena in the crystal which Is especially rick la 
atoms Thus for tpstanre if tbe atoms art arranged 
In tbe form of a cubital lattice work tbe ray* would 
be partially reflectsd from pianos which contain a roll 
thaly large number of stems 

Tbe cleavage face or a crystal b very rich In atoms 
eo to test hie explanation Mr Bragg allowed a beam 
of X rays to fall on a cleavage face of a crystal and 
found a* be had predicted that an Utogt waa pro¬ 
duced on tbe photographlo plate at tbe angle of re¬ 
flection But be noticed that a* the angle of Incidence 
waa changed there were certain angles at which tbe 
reflection waa exceptionally strong Tlpgft paalttong of 
strong reflection could be explained in only one way 
as real spectrum Hue* In tbe X rays-radiation of definite 
wave length This expbnatlon led at once to i MI 
nlte knowledge of the nature of X rSys 

When an X ray pulse strikes the cleavage face of a 
crystal at a definite angle a part of It b reflacted by 
each layer of atoms It tbe angle b of tbe proper 
value as determined by tbe wave length <f the train 
of waves and by the distance between tbe layaf* of 
atom* then tbe reflected pules will reinforce etcb other 
and produce an specially strong image abb was 
studied by means of an apparatus to which the to 
tenaltv of a reflected beam could be made to act on 
an electroscope whose deflection waa measured by 
microscope 

At this time no one knew whether It waa tbe mole- 
euls or the Individual atoms which did tbe reflecting 
Whatever tbe reflecting centers ware however there 
was now a meais of finding out bow tbey wore ar¬ 
ranged In tbe crystal Mr Bragg Imagined a number 
of different arrangements of these canter*, and on 
the theory that enh spot to Friedrich and Stopping** 
photographs was a partial reflection of the primary 
beam bv some plane rich to atom* be calculated when 
tbe Simla should la found for each arrangement It 
was found that nothing but a simple cubical dstgn 
~ «Way Journal othnyiaMrlmg 

•Prof W H Bn« VRa Irefaaaor of Physic* and Hatha 
maUe* at bseda Ualvimlty Hi gland gave a apodal betas* ea 
X ray* asp Oyrtaltlnr Btrortora before ColaoU Ttalvsrrity 
on Dtreafcw *nd 1»14 under the auaptaa of the Hgna XI 
Bodety Tb* above artlrl* Is a brtaf abstract of this bet on 
For awn dotalbd Information m cootvibottom by Prof W 
H B«*m asd W L. Bragg la tbo Pros Bsp So* SB pp Ml 
Ml (toll) nod more recent nbeogavot arttdss. 


could account saUMaotorUy for th* spots obtained 
with inch crystal* as salt, potassium chloride etc Ihus 
we find that to a crystal of rock wit the sodium and 
chlorine atoms are arranged In tbe form of a cubical 
lattice wotk with chlorine end sodium atom* situated 
lu alto mat* corner* of tbe cube* so that for example 
the sodium atom ha* six neighboring chlorine atom* 
equally close with which It might pair off to form a 
molecule of Nad It was calculated that with this 
arrangement tbs distance between stouts was a trifle 
over one hundredth millionth of an Inch It la Inter 
eating to note that In this arrangement there la no 
evidence that the atoms are combined Into molecnlaa 
A sodium atom Is no more closely connected with one 
particular chlorine atom than with any other 

In much the same way Prut W B Bragg has de¬ 
termined the structure of the diamond In this case 
the atoms are all of the same kind—carbon Each 
atom may be thought of aa bound to four other atoms, 
at ranged at the corners of a tetrahedron. Tbla Is to 
accord with the fact that carbon baa four chemical 
bonds and la In good agreement with the structure 
of the diamond sa determined by tbe methods of 
crystallography 

We are getting a glimpse, as It were Into the Inner 
most structure of tb* moleculea and are leaning dally 
more and more about tbe manner In which tbelr eon 
at tueut atoms are bound together 

Eloctriool RiM IgtMM* e* Blfectai by vmy Low Hem■ 
—Tb* recant experiments performed by Prof 
H Kamerltogb (tones st tbs Leiden Physical Labo¬ 
ratory on the electrical raalPtanct of metals at low 
temperatures have excited wide Interest due to tb* un 
expected remits obtained. For thii work Prof Ohms 
lias at bis command squlpuuut which enablas him to 
obtain tamperatura within IT deg OenL of absolute *ero 
and he can maintain these temperature* for conald 
arable period* of time. He has been studying for 
■ we time tbe electrical properties of zuetaia at tow 
temperature*, and tbe following is a brief outline of 
tbe result* of tbe work as far aa reported 

It la well known that tbe r«* lata dob of a metal varies 
■o aa to be approximately proportional to tbe absolute 
temperature It I* found, however that at tow tern 
peraturea alight amounts of Impurities causa deviation 
from tbla law Cooling an extremely pure wimple of 
mercury Prof Onnea discovered that at a temperature 
of about 4 2 deg Cent above absolute aero tbe reatst- 
ance suddenly became too small to be measured Just 
before this change occurred tbe reatotance wa* 0002 
of tbe reeistance at tbe melting point At tbls tern 
pern tu re tbe restotanoa became tom than 0000001 
that reetatance Since, be bis found tbs same phe¬ 
nomena In lead and tin In lead the change occurs 
at about 01 dag Cent and to tin at 8 8 dag Cent 
above absolute aero' Below these critical tamper* 
turee tb* metal seems to have no electrical resistance 
and Prof Onnea describes this state by the term 
Bupracooductire The temperature at which a con 
doctor becomes supraconductlre la not tbe same for 
all value* of torrent but la tower for larger currents 
Tbe reeistance Is therefore dependent upon the currant 
and Ohm ■ law no longer hold* Other peculiarities 
of a supra conductor ire worthy of mention atari tba 
resistance la Immeasurably small there is neither any 
potential drop to tbe mprarondnetor nor la any bast 


rrnasaa at a rata which depend* upon tba Mtt Induction 
and natotanea of tba circuit Tba current cannot b* 
oom* aero until all tbe energy which Is stored to Its 
magnetic field has been transferred into beat by tbs 
resistance. Tba length of time for which aneb ■ 
current ban a maawirabl* raise la extremely abort to 
moat case*. If, however, tba natotanea of tba circuit 
la made vary email, tba currant will be maintained 
longer before Its energy to tranaforiMd and wa might 
Imagine tba limiting east wbm tba reatotarx-* was Bare 
and tbe current oenttauad to flow, requiring so gn 
orator to maintain to b e caus e It wan expending non* 
of Its energy Thto eta* own to bar* bow reallaad 
by Prof Onus A olseo* ooti of L000 tare* eg load 
wire was cooled to • temperature «f about ft dag 
Cant above absolute MM sad da «ftatriq entrant eg 
04 arapafM induced to It by the no*nl of an tteg- 


wa* unable to detact any diminution la tba value of 
tbe (-arrant which was measured by tbe magnetometer 
method At the end of this time the temperature im 
to a value of 4A dsg Cent (absolute) and as * remit 
tbo current fell to 086 ampere, tat tbs tamparatur 
again being reduced the current remained reaoteat 
for 1 hour and 60 minutes more A* a reach of bte 
experiment* up to tbe premnt time. Prof Onus* esti¬ 
mates that tbe resistance of lead to tbe suptacmjdao- 
tire state cannot b# greater than 1/<4X10») part of 

•I hat them result* will bave an important tearing 
upon tbe theories of electrical conduction and mole¬ 
cular magnets there can be no doubt Tbay atoo sug¬ 
gest tb* poMlblllty of being able to Obtain by sumo* 
of suprenonductan much stronger magnetic Bald* than 
ha* hitherto been poatobls 


I he field of ebamtotry to of such nature that It to 
difficult to select particular discoveries or development* 
a* being tbe moot significant Tba following Item* 
however are of *om* interest and Importance. 

J N Pring has devised s method tor tba 
tlon of aaone at vary great dilution* and low taper*, 
tore* By this method It baa basn found that at a 
height of about 20 kilometer* the amount of onoor 
averaged 2AX10—* pait* while at the height of 8fl 
kilometer* It averaged 47X10-* parte Tbls last 
amount of oaone was found by colorimetric methods to 
give a distinct blue color Indicating that oaooo may 
be s factor to producing tbe blue color of tbe My 

It has been found that metallic salts are dt-M-tarao 
at tbe temperature of tbe Bureau flame, with tbe result 
that tbe metal Is set free Ibis bee made possible 
tbe preparation of metallic mirrors of copper, cod 
minm tin Hirer, lead, bismuth, sine, arsenic and anti 
atony by precipitation from tbe Bunsen fleme and atoo 
tbe obtaining of mercury in drops 

Mme Curie be* shown that tbe Inactive end products 
of tbe radio active element* uranium, radium, thorium 
and actinium an element* which, although occupying 
the position of lead In the periodic ayata show differ 
tog atomic weights Among tbe numerous con tribe 
Won* made during tbe past year to tbe field of redio- 
chemlftry are Interesting articles entitled Forces be¬ 
tween stoma and cbamtcal affinity by J J nwup- 
son and 1h» Structure of the atom by B Buthectord 

Tb* controversy regarding the alleged formation of 
settee nitrogen by tbe electric discharge has flsally 
reached * settlement Th* principal Investigators now 
agree that a sample of nitrogen may Indeed be made 
to give the glow mdte readUy when containing a trace 
of oxygen but that the purest nitrogen to also capable 
of giving • brilliant glow Tb* pressure of initnirarim^ 
traces at oxygen seam* to be favorable to tbe prodtto- 
Hon of active nitrogen 

Blr William Crookes bee matsured the spectrum off 
tbe purest obtainable (0066 per rest) elementary rill 
oon. 0 W Morey baa prepared tour now oystolltoo 
alkaltoe riliretan. In addition to tbe cryataUtee 
products, a series of hydrous gtossae was obtained. 
Tbey are perfectly hard even though containing up to 
2S ptr ant water 1 * 

Tba most valuable recent contribution to that «f ay#- 
tom*tirin g procemM ef numerical and papfctal ap¬ 
proximation, a well known older example of tbls 
preores to Illustrated by tumors method for flafittg 
(approximately) tba numorleal note ef an algebraic 
aquation. 

Owing chiefly to tb* activity of Prof. Oari Kgs*, 
of tbe Datecrrity qf OOttingaa, a rimilar prooess on 
bo applied to a largo category of probtems. toeddtog 
rogrtort Series, grtpUkal tstegntian, sdfetkm of ffi* 
torenttol equations wWeh define tbe flew* beat, teem 
trtdtfi sic, *dJn*tmont of terors of ofcWvstiea UoA 
etUr problems Two year* age Fret Bangs g|v* ■ 
otrarre of teottms at Oofcaebta Ua i va H tf to *Mf* 
m*sy of hto Idres yen deVftoptd. fitace$te*«£. 
tidettble pnmbee pi ytetog am bav* feat ***** <*t 
partatoEJ M blite* M a teri a l wtib VL «to*«M*i* 
ptrtfr mi totto uM^«iTbtckWte to*, m 
***** to flwto by t* * Into nktf 
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WtU« PmifaMM -Tho wm of eustatood or on- 
ddmpod w*m to wfreteos transuterion bu tone been 
mtf&M to offer • tar* number of Important advan 


of'say eqogidanbto capacity wklcb wlU directly geo 
srata vritagsa with • fregueooy of around 0ty»0 cycles 
to so extremely difficult proporttioo doe to obvloue 

A (Not nony of tbeee UffiMettoas bare been overcome 
to tlto QoMMmidt -refloctiou' alternator eucb u to 
wrtr opera ting to toe transatlantic radio station at 
’RmbMtoo. R J 

The fonds mental frequency of tola alternator U about 
1<MX» ejrctoe, bat by an ingenious tyatan of refleetloo 
and resonance batman too two windings, too output 
to Wlvtnd at a frequency of 40000 cycles The ma 
ebtoa to Of German oonatroctioo and especially rigid 
to deajgn, The rotor of too alternator to driven by a 
MQ hnr— TTtmnr dlrtct-cnmot motor, and w alafaa abou t 
Are toaa Hi# «aad to aboot 4*000 revolutions par 
mtonto and too air gap to Um than 1 mlUlmatar at 
tbe normal outpai of 110 kilowatt*, toe aarlal currant 

to approximately up smperea, bat It to claimed that 
ttto maoblna to oapablo of generating as much as 900 
kilowatts. 

Tbe receiving epperatua to Ingenious In that tbe tone 
heerd In too raertrar to too difference tone between 
tbe transmitted frequency of «M)00 cydee, snd a me¬ 
chanically produced frequency of shoot 89,000 cycles, 
thus firing e DOO-cyeto tons In tba receiver Ittodalmed 
tost this system eliminates largely the Interference 
from both atatlo electricity end other station* 

Tba OTfttweMBed lossy—In thaaa days of such 
rapid adranca In toa art as well ae the sctonce of 
111 mains flop. It would be e faarleea prophet who would 
attempt to predict too future of tbs now nitrogen tilled 
tungsten lamp It to not difficult, however to point out 
a taw types of eerrlco tor which the new lamp la espe¬ 
cially adapted. 

BUM* It to In only com pent] rely large sixes that we 
And toe remarkably low specific consumption of 06 
watt par candle-power wo shall look tor tbe first com 
mental development In connection with exterior light¬ 
ing end t w lighting of large Interiors. 

Tbe efficiency of tbe gas-filled lamp Increases with 
tbo of tin thw miMug tb# hi|h oar* 

rant lamp the first to be put on too market end we find 
them need axtonslvrty an toe standard w and 7.6 
ampere lighting circuits. With even better efficiency, 
lamps drawing a current of 20 or more amperes might 
be aaed on alternating current aactoa circuits with a 
oomponmtor or current transformer for each lamp 

Another important class of work tor which the new 
lamp seams peculiarly adapted to In projection lanterns 
■mall march lights and In all places where a steady 
light of high Intrinsic brilliancy to desirable 

Although the gee-filled lamp may replace the present 
type of enclosed carbon arc it Is a question for tbe 
futon to deride whether It can compete with toe high 
editor area such as the magnetite and tba quarts 
mercury lamps While tbe efflctancy of tbe new meads 
la of the same order aa that of thaw arm, toa coat of 
mainCMisn/w ta a factor which may be of greater lus 
portion* than toa actual specific consumption of the 

It to probable then, that tbe extmst to which toe 
nitrogen filled lamp will be used la largely a mattar 
to be decided by toe cost of manufacture and coat of 
MhlMrtUBMa of MTtral of toa bettor tamps of today, 
end toe Adaptability of seen to rttadal types of service 

n« «pM Mesa UOtocr-A recent dsvstoptortit In 
deearie tract** which to Important from a technical 
pel* Of view to toa acHwUed “SpW Pluto Motor.” 
Tula motor to net a SOW traction motor but a motor 
neat Mkh intermediate atop between tbe Una end 
toe tto dflento Weto sad tta bale** to to ebaage single 
pta***srre*t ttto polyp*** currant it to not a motor 
to—mbot act bttt a straight tadnotloe motor n» aa a 
«■** itm **** vtto additional wtodtag* » totw 

dmmm m pw* «■ * to 

ti» «Nfi<te aefaa. Vtk motor to topt running am 
ttmxtagtj. gad power applta* to Dolypbare motor* only 

.sg SSMy Ml a . « mm~ 

^^MhSatoktoT^^m'tolBM mMUW la to* ootto 

jmmjmpmi w ip* ft mwm Ptoto w* "w* 


tn thaw conditions and In this cam proved cheaper to 
UMtall 

fbe technical Journals tana this syetam lbe Single 
PbsM-rolyphase System 
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Ftrit Btumpf Vn+Flotc Fugtn* Built to America - 
rhe development of tbe una flow vagina promisee mut b 
for the future of tba steam prime mover It U there¬ 
fore of Interest to note the Introduction of this engine 
Into America lbe Anna Iron Works have recently 
unstructed tbe lint una flow engine to be made la this 
imntry with the approval of tonf Btumpf 

Ai la commonly known the una flow engine has ef 
ft'Cted an Increased economy because of reduced cylln 
der condaneatton loss## This Is due to tha fact that 
the steam to axhausted at the otbar end of the stroke 
from that at which admission occurs Hence tba 
steam In in tar lug la not pamed over the coolei end 
of the cylinder lowered, st the end of the stroke to 
tbe temperature of the low prefigure steam By dim 
lusting the Idea between <ylinden, of e compound or 
triple expansion engine the mine power may be dsvel 
oped with e una flow engine having cylinder dimensions 
materially leas than tboee of the low pressure cylinder 
of a multiple expansion engine lbe Btumpf engine 
bollt by the Ames Oompany shows a reduction of 20 
pet cant In this respect 

Tbe results of teats on this engine iscsntly published 
show very significant results. Pbe engine to rated at 
100 kilowatts, Its dimensions are 18x16 Inches end Its 
speed to 260 revolutions per minute The best econ 
omles xro 126 pounds of steam per Indicated bone- 
power hour (wodsnalng and 16 8 pounds non-condensing 
(superheated steam In both caaa) These economies 
are Indeed remarkable for an engine of such small 
capacity, but tbe moat significant feature of tbe per 
formancs lies In tbe flatnees of the water rate curves 
In varying tbe load from almost scro to 160 per cent 
of rating tbe gras test variation la about 211 pounds per 
Indicated bone-power hour Whan the water rate 
c u rves of the best mol Opto expansion engines are con 
slderad, these results appear to be nmost revolutionary 

ffrtonrio* of (Ae Uses of Surf** ComtnuHon —We 
drat beard of surface combustion practically applied, 
In the surface combotlon boiler of Prof Bone of Eng¬ 
land More recwitly, however tbo principle baa been 
extended with mtrkedi tuccesa Into the field of domestic 
heating and tba boating of buildings 

Briefly, surface for flams!ess combustion lx sffectad 
by practising tbe i air and gas and Impinging a Jet of 
the mixture on t porous «urf»oe, in which the combat- 
tlon takes place When gas la burned In flame com 
bastion the gas Jet depends for Its air of com bastion 
on tbe dissipation of gas at the edges of the jet Tbe 
combustion wave or Impulse therefore travels through 
the gas at a relatively slow rata and tbe combustion to 
both alow and often Imperfect In the case of a mix 
tore of sir end gas tbe combo*tlon wave travels through 
the mixture at an explosive rate and combustion Is 
practically perfect This is what occurs In surface 
combos tlon tbe prwere taking place In tbe poras of 
the surface Tbs result Is merely a glowing of tbe 
surf see, entirely without Asms it is of course ueem- 
aary to prehost the surface In order to start the surface 
co m bustion This may be accomplished by burning 
the gas In a flame Impinged upon tba surface before 
premizing begins It lx further evident that tba speed 
of tbe Jet of mixture must exceed that at wblcb tbe 
explosive Impulse travels through the mixture In order 
to prevent back-fire. 

One of the moat notable appUc atleoe of surface com 
bastion to ta the beating of room* Ordlnaiy beat 
tog systems depend almost entirely on convection for 
tbe dleeemlnetlnn of beat through a room It may he 
seen, however, that tbe rapid combustion In the pores 
of to* surface by this n*w method, creates beat tn 
to* radiant form This to a much more efficient means 
o* beat transfer for practically all basting purpoma 
Tha surface combustion raos baa ten have the appear 
ante of a mall plate which to morally located In to* 
colling This form of heater Heme to be meeting with 
marked wee mg The surface combustion principle to 
else being owl now to stares and tor other domestic 

5 amspAray pmpt-Mo discussion of recent *n 
gtomrluf devetopmsptt would be complete without men 
tins of Oe Hampton* pomp, being a* It to so radical 
a step tn paw data* This subject, howeve r , bee 
motived m moeb attention tn toe tadmlcal prase that 
tbe reader 1* referred to thto aouree of Information. 

Bridges . —In the flrtd of bride* engbeertag tsedoubt- 
*Op to* tooet ti g nto e ant dmlopmsBt to the ae of 
•ter bmL prrtfBidsriy ntotel steel to bridge etrac- 
tazee Tbe e d nac* ef bridge dertgn ha celled fur 
eta) ct mjM JfcWte ***** than tint ef aay carton 
•tort. Tb# tern* has matted to extensive reeeucb 


oi tbe i toparUas of all y xUel with tbe remit that 
nickel uteri hns been ud pted quite extensively for tola 
clam of work the most notable exampleu of the use 
f this steel are three large brlitaea now building vis 
the llell Onto bridge lu New I il> tlie new Quebec 
bridge and the I ridge at Memphis lean which spena 
the Miaslmlipl Hlver Tbe tost named bridge Is belie 
bollt alongside t f tbe old bridge at that point si that 
uu exceptional oi portunlty la affoided t d imaal an 
< id time structure with toe most recent dertj.ii 
Rmlroad inghuerinff —Tba most Important recent de- 
vtloptneata to railroad engineering may for conven 
lence be grouped under construction operation and 
management 

Tbe construction work to tola countiy bis been luge 
ly to the reduction of gradient! end curvature and toe 
Improvement of terminals tbe former to reduce the 
cost of transportation and tlie latter to Increase Ita 
convenience Tbe former has been largely an ecoooml 
problem the Increased cost of transportation over toe 
sharp curve* and steep gradients for toe heavy traffic 
becoming greater than tbe Intelest and maintenance for 
tbe new oonatroctioo 

The latter has Involved a large amount of exprarive 
grade separation work In reaching the centers of pop¬ 
ulation to reduce delay* due to street travel and to 
increase safety for both the street and railroad travel 
To quite an extent, this baa ban forced upon tbe rail 
reads by public opinion but It baa usually been found 
profitable In tbe development of suburban business and 
In saving of time and increased safety but In tba eon 
st ruction of some of toe reoent targe passenger station* 
tli# economic limit has been passed even xfti r allowing 
for the advertising value In attracting competitive 
Ira Be 

In operation on tbe low grade lines with haary traffic 
the strength and safety of track limit the speed and 
' right of train For dense traffic the unit coat de¬ 
crees** with lncretalng weight which makes a con 
slant demand for stronger track A few years ago 
tbe defective rail was tbe limiting factor but thanks 
to tha work of tbe rail expert* and the keen Interest 
of both tbe rail makers and tba rail users the open 
lK-ertb steel rail of to-day ta giving excellent service 
lbe tie plate la rapidly coming Into us* tor both safety 
and economy while lbe screw spike to being tried 
oxtanalvelv It to frit by many that tbe ballast and 
nub-grade will also require strengthening for any fur 
tber material Increase tn wheel loads or to loedi per 
foot of track 

Tbe safety first movement la having Its effect on 
llinae responsible fir tbe operation of tralne as wall aa 
upon those reepcnriblo for roadbed and equipment 
the thorough Investigation of earnings which baa 
been made tn connection with toe request for an ad 
ranee In freight rates Is having an excellent street tn 
bringing about a study of tbe econunlca of operation 
which should result In mutual benefit to tba railroads 
and the public while the phvslosl valuation by the In 
tuntotfi Commerce Commission may not prove to be 
such a calamity as at first predicted 

X-Ray Diffraction Patterns 

A coxarsroirDiin of Sdenea Mr W W hlrong of 
tbe Carnegie Institute says 
The diffraction patterns discovered by Fnoderirh 
Knipping and lane have been shown to be due to tbe 
arrangement of tha atoms of crystal* Into pianos Than 
patterns an nsed to indicate the spatial distribution of 
atoms tn crystals 

An experiment illustrating these patterns nan be very 
easily shown to aa audience by permitting a beam of 
light to enter a dark room sad fall upon the faee of a 
diamond such aa used in rings Tbe diamond is held a 
few inches from the hole through which toe beam of 
hght enters and upon this screen u thrown a large num¬ 
ber of bright spot* very closely resembling tha X ray 
patterns By moving the diamond to and bo bom the 
sored or by rotating it the form of the pattern can be 
altered The portions of nye that enter the diamond 
and are reflected bom the rear surfaces may show the 
■peotnl oolora. 

This experiment can be demonstrated to a claM very 
easily and should be of some use m explaining crystalline 
structure 

A Shortage o i Wood-pulp Threatened 
A scram by to* Forest Service of tbs U B Depart- 
meat of Agriculture states that because of the war Eng 
ttah manutoctursn and consumers of wood pulp have 
ben caused cooatdanbl* u n sari nan. Production to at 
a standstill to tbs countries st war and to Norway and 
Sweden, principal sou roes of supply mlHs have been 
■tatly hampered boauae ef a lack of coal and chem 
kale. England baa practically bo domestic sourer* of 
pulp. 
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Om ■ um mto mat It ttmui ovation «MaMc 
pewfir con to produced from w*l tor Ms than £5 par 
I w fitopto W jmt Tbs pumping toarm for wafer par 
mm mU ttoto tor a to oa tbe tbori basis, come- 
iking Uke 0 ghlBlisg* par act* which la hr no means 
mb&ittvw. Irrigate*! land, formerly almoat worthlaM 
baa mtmtlj changed banda In Booth Africa at about 
iSJOO par mm. Tba interest on thla value at B per 
cant would pap forty timer the annoal charge which I 
bar# calculated. 

thla annual charge might In the future Itself aaallv 
ba Mdnoad to a fifth of the Ufa re I bare taken If 
thla la dona irrigation at an elevation of 5000 feet 
with water pumped from aea level would be practl 
cable With modern Improvement! In gas making and 
the attrition that la being paid to tba recovery of 
tba waato products In the gaamaklng proceaa It la 
quite conceivable that the powerga* might become the 
waste-product The preeent type of gee engine* are 
capable of vary great advancee In thermal economy 
It would require no very greet Improvement of thla 
kind to bring down the fuel consumption to % pound 
of carbon dr coke per electric brake bone power per 
boor or leaa then 3 long tone per tear U 1 shillings 


CtomloaJ meana I ahall reject for the purpoee of thla 
paper became In the Drat place I don t know enough 
otomletry and In the eeeond place It la only necaaaary 
to ahow the feailbUlty of phyalcal method® 

A simple physical method of purifying salt water la 
to distill It ro make this commercially practicable It 
Is nocawary to do one of two things Tto first la to 
bare a large source of tout arallable at low coat The 
second li to adopt stub n method of distillation that 
tto latent beat of evaporation is piaetlcallv ell reeov 
ered from the latent beat of condensation I will show 
that both ttoae methods are practicable 
The cheap source of beat for tto first method la In 
tto aea Itaelf It la known but not generally known 
that the temperature of aea water varlea eooeldarably 
with depth Tto variation differ* In different piece* 
but It may be taken is avenging something between 
4 deg and 15 deg Fabr per 100 fathoms of depth 
There are therefore many places where unlimited sup 
piles of water are available at temperatuies differing 
by eav 0 deg lahr tbe warmer water being on tto 
surface and tbe colder water at a depth of fiorn 30 
to 00 fathoms These spits should be prospected for 
In Bummer when Irrigation water li most needed the 
temperature gradient la eery mu h atsefer than the 


Fig A—Photograph of tto surface of e 


Fig 5 —Photograph of bottom surf are of cut 
lug at place where piece was cat out 

Note U«t 00 tmpvfactions in tUI la at tba sort* e 


Fig A—Photograph of oa* edge of tottan which 
was eat from tto esstlag (are Fig I), showing 
peattiea of kei*. Batten was l/iMtoh thick. 

a ten the coot of fuel for power would be reduced to 
IB ■hilltftg * per annum par horsepower or about one- 
sixth of tba 15 per horsepower year that 1 have 
taken above. Thla reduced figure take* no account of 
hyprodnata on tto om hand or capital charges on the 
other mime two Items might anally balance one 

To bring great supplies of water from a diatone* lm 
pUes tto om of vary large channel*, which are very 
expensive If made artificially In the com of anpplloa 
brought from tto aea. wtort the water la to he raised 
from a lower to a higher level these channel# are there 
already IX tto agisting streams All ttot Is necessary 
la to dhm them cheaply so u to glva modarete lifts 
of, shy, 4 or 5 feet, at tto narrowest parts of thair 
omimml Tto fieod water of Oa rtvsn oonld then to 
partly stored In up-country irrigation dams, and partly 
aftnfqd to go oat to sat to prevent "eUting-up’ Tto 
pamg*4 atattom would to advised by telegnph or 
tsWwa In adrano* of tto antral of tto floods, or 
agtCMtltoHy controlled so ttot thay would do no on 

Stream, treated la thla way, would also aarva 
for t9a cheap transport M foal and other matmlal, la 
ctadtof aoch pacta of tto «*opa prodooad as ware Is 
tUte'Cte** trite At area two mOes re hour, 
0m te tib about four day, to travel 800 

ate tel 1 * tot te te* **•“ *■ 
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above flguiea show especially in hot latitudes Iu 
the English Channel at Station E» lu August 1004 
the gradient was about 8 degrees for S fathoms In 
the Central Pacific a difference of 90 degrees baa boon 
observed for 100 fathom* In tba Eed Bee tbe eondl 
tiona are probably similar to those of the Pacific It 
la therefore probable that for those months in tbe 
rear In which water la most needed there are suitable 
piece* near shore where & temperature difference of 
o degrees exists In very moderate depths of water It 
Is bardlv necaaaary to tell eng loser* that under there 
conditions It la easy to evaporate the water at tbe 
higher and to condense It at the lower temperature 

As we have to deal with very null difference* of 
proarare the oondenaer plates may be made of very thla 
metnl as thin nr thtoaer than an ordinary sheet of 
galvanised iron 

Witt suitable circulating methods oath square foot 
of condenser surface weald produoo about 9 pound# of 
condensed water per hour for a temperature difference 
of 4 deg Fahr or roughly 8 fame per year For the 
2000 tra* resumed re the requirement per acre JfiO 
square fast of condenser sortsce at 6d t foot Would 
moan a capital expenditure for condenser surface of 
W 5a. per Mn to to Irrigated 

Tto oalealatkm of tto surface required Is baaed on 
tto OMumpaen that stoat BOO tost units an trens- 
mlttod par oqwe foot af ondmxar surface par hour 
par Fahr dreres of temper ature difference With 
proper tote tod otrcnlsHng arrangements It la poe 
rib)* to temeus tide figure to move than MOO or 
more than aevao times u much (See footnote p BBS 
sfi Tba KooriBnglM,” by Ferry) Thla would reduce 
tto cnpttol east far w to wstor lurftog to lam than tl 
pm acre to to i rri ga t ed 

With tto to* of risen re main Irrigation channels 
as lasted, IMN wunW to no need to take channel 
sSapmte tot* ietert, re (to Baton) tow ef tto 


tton of tbe water from tbe Irrigated land to the river 
channels would also offset the evaporation 

in evaporation plant based on tbe above facts and 
figures would necessarily deal with very large qutn 
titles of water In order to be a payable proposition 
Tbe Intakes for the circulating water would hare to 
deal with such quantities of water as pom out to lea 
by small rivers But as their crosMectlon would be 
•oraperabta with that of rivers, so tbe friction head 
requited for circulating purposes would obo be of tba 
amt order or something like a bead of 1 Inch for 
100 feet of conduit The etremen on the eondnlt would 
nlso be as nearly negligible as tbe difference tn pre s sure 
letween the outside and Inside of the pipe The ms 
terlsl of which the conduit was made could therefore 
be quite Inexpensive Tbe condenser plate* could to 
Immersed In tbe water at the top of the eondnlt Itself 
uuilug that the condensation wster only took up 
i no boat unit per pound of water condensed and that 
l lie pumping bead required would be as much as S 
In lies the work done on tbe condensation water by 
the turbo-pumps would be equivalent to lifting the con 
donned water 230 feet This I have already shown, by 
Implication not to be financially hnpraettcable The 

u irk to be done at tbe distilling plant on tha condensed 
water Is still less so being only a small fraction of 
the work done on tbe condensation water Tbe total 
lumping work to be done at the evaporator calls for 
an expenditure of from 0 ■hillings S pence to SB shill¬ 
ings for power per acre Irrigated with power costing 
fiom 50 shillings to £10 per hone-power year 

riie second method of distilling the water consists 
of Increasing tbe pressure and therefore miring the 
temperature of the distilled vapor or tbe water to be 
distilled by mechanUal means such *■ a compressor 
turbine and condensing tbe vapor In a surface coo 
denser the condensation water being the same water 
that la bring evaporated In thla way tbe whole of 
tbe latent beat of condensation la returned to tha water 
which la being condensed The net amount of bsat 
supplied mechanically depends on the difference of tarn 
pen tore between the condensed water and e va porated 

Taking this as 4 degrees tba net amount of boat 
Is substantially 4 heat units per pound, or about M00 
heat unlta per ton of water evaporated With an effl 
clency of SS per cant over *11 hi the gea englnto end 
mechanical arrangements Ism than 8 pounds of carbon 
wtnld therefore be consumed to distill 1 long tan of 
water With a requirement of 8000 tone of wafer par 
iere Irrigated tbe carbon consumed annually per acre 
Is slightly less than 27 tons costing at 5 shillings 
to 20 shilling* a too from about IS •bllUngs 5 pence 
t 34 shillings per annum for fuel Tbe fuel Mil could 
be proportionate!} reduced by reducing tbe tempera hire 
I fference 

With this second method of distillation no works 
would be necamary to tbe aea Itaelf The apparatus 
would all be Inshore with a canal leading wafer to It 
from the sea at one end and taking water away at the 
other One great advantage of thla sound method of 
distillation Is tint much leas water has to be han¬ 
dled than to the Brat Practically all the water re¬ 
quiring handling la that required tor distillation and 
Irrigation The latent heat withdrawn from the wafer 
distilled being praittcslly til returned to It In the 
act of condensation tbe natural tidal limitation la 
■undent to renaw the main body of watei dealt with 
rapidly enough to carry the Increaelnglv Milne water 
out to sea Taking capital Into account thla second 
method 1* probably cheaper than tbe Amt method of 
ntlllslng the boat In tbe sea water Itaelf 
Tbe second method has other conveniences It can 
be run profitably on a much amaller scale than tha 
tint It calls for Ism capital expense and It mn be 
used to produce wafer all the year round under almoat 
uniform condition*. Ibis would allow of deeply 
ploughed ground being cultivated on ■ system combtn 
lug tbe advantage! of dry farming end Irrigation in 
such a way that the water could be used evenly aa It 
was produced all tbe year round 

Impact from Flat Wheels 
Tots have ben made at the Purdue University to 
determine the effect of Impact resulting from flat wheels 
and tbe Investigations covered spots of varying atom 
and wheel* running at different epeoda and with vary 
tog loads It baa been found that an Imperfect wheel 
with a 8 Inch flat spot strikes the track with an Impact 
of 104000 pounds when the car la going 10 mllm per 
hour and 1* carrying a load of 20000 pounds It was 
also found that under simitar conditions * flat spot 
only 1ft Inches In length produced a blow of 20000 
pound*, and tbe Impact tor spots 2 Inches king was 
95 000 pound* A standard freight ear was monntad In 
tba tost laboratory and special apparatus, including an 
la ri rom e nf which rooted photopaphieally the augnl 
te of th* Mows, was employed to collect tori data 
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The European War and Potash Supplies ’ 

A Consideration of the Possible Sources of Material for Home Manufacture 


In the cloning years of the eighteenth century, when 
the French revolution wen at 1U height, condition* 
in Frttun; nr regards the supply of Node bon a eurlooa 
rvmmiblBucc to the situation in America to-day u n- 
gardn our supply of putaab, the political condition* 
being of counto very different Vranoe waa wholly da- 
pondeut on Hpaln for barilla, a variety of soda tab 
made by burning aaltwort and wa plants, and alao 
Imported large quantities of Spanish potaah. Commer¬ 
cial Interoourae between France and Spain had eeaaed 
on the outbreak of the revolutionary war, and all the 
potaah which France produced win required for the 
manufacture of ealtpetar and gunpowder in thla emerg¬ 
ency. The National Convention made an appeal to the 
chemist* of France to deriae a process in which com¬ 
mon aalt might be made available aa a aouroe of soda. 
The call waa heard by an obscure chemlat, Nicolai 
Leblanc, who oame forward with a proceaa for the con¬ 
version of aodlum chloride into sodium carbonate that 
baa made bla name an Immortal one In the aunala of 
climitotry. The Letdano proceaa has never been entirely 
superseded; indeed new plants are constantly being 
eetabliahad, despite the superior advantages of the Sol¬ 
ver proceaa for meet purposes lu the production of car¬ 
bonates of soda. 

Now that the supply of German potash for agricul¬ 
ture and Industrial uses has been cut off completely 
by the European war, a situation has been created in 
the United State* not very dissimilar to that which 
prevailed lu France in revolutionary days, and fame 
and fortune await the American inventive genius who 
will aria* to solve the great problem of producing 
potash economically and abundantly from the potaah 
rocks, brines, and bitterns native to the United 
States, Leblanc achieved fame, bpt died a pauper. 

' The primitive product of the llrivlatioo of wood 
ashes, known for centuries as potash. Is not an article 
ajlth which twentieth century chemists can lay claim 
to much, if any, familiarity. The article supplied in 
sticks—potassium hydroxide—is what Is recognised as 
liotnah in the laboratory. Onr forefathers knew the 
wood ash product batter, and there are doubtla** many 
now living who can recall early days on the farm when 
potaah waa collected for domestic soapmaklng by the 
simple p roce aa of leaching the ashen of burnt hickory 
or other lags. A century or more ago, however, when 
vast natural forests existed and the value of lumber 
was little more than that of the labor of felling It, 
the manufacture of potash from wood ashes waa so 
industry of considerable importance. 

Although potaah is still manufactured from the 
ashes of wood in the forest* of Northern Michigan and 
ill portions of the provinces of Canada, the quantity 
to produced Is negligible and finds use in a local way 
only. 

The German potaah Industry dates from 1»81, whan 
the first factory for refining crude potaah wax estab¬ 
lished by. Prof. Adolph Frank at Staeefurt. Btaasfurt 
ha* been known for Us aalt Industry for more than BOO 
years, the records of the town showing that a guild of 
Hultmakera had worked the salt beds of the district 
aa Car back aa the thirteenth century. At the time the 
deposits were taken over by the Prussian government 
in 1708, and some time later worked an a commercial 
scale, the potart was treated as a useless by-product, 
but the res ea rch** of Justus von Liebig In agricultural 
chemistry In 1880, having established the fact that 
plants depend for their nutrition on the existence In 
the soil of nitrogen, potassium, and phosphorus In cer¬ 
tain definite proportion*, and that It was uaelosa to feed 
a plant on nitrogen and phosphorus union the right 
proportion of potash waa alao supplied, Intensive in¬ 
ventive work waa begun to discover source* of soluble 
imtrndi. Liebig’s discovery had the affect of directing 
effort* to the extraction of the potash from the salt 
beds Ht Stastfurt as a main psoduot, and thla was auc- 
hwk fully accomplished after the establishment of the 
fnctury by Frank. The potash salts wan henceforth 
worked exclusively and aalt became the by-product. In 
this way was developed the gnat German potash indus¬ 
try on which the whole world Is now dependent for 
i|s supply of soluble potash for use In agriculture and 
the Industries. 

At the outbreak of the war Uennany waa exporting 
annually to the United States 1J1MW6 tons of potash 
fog use as fertiliser end In the manufhetun of cheati- 
cslr, thla representing about one tenth of the annual 
output of the German mines, which exceed* eleven 


By Thomas J. Keenan 

The German potash mineral* are now mined over a 
large extent of country, and It U no longer accurate 
to apeak of them as “Btasrturt deposit*.’’ Beaching 
to a depth, from the top of the upper to the bottom 
of the lowest stratum, of some MOO feet, the beds un¬ 
derlie t tract of country extending from Btaaefurt to 
Thuringia oo the south, to Hanover oo the went and 
to Mecklenburg on tbs north; while deposita were dis¬ 
covered end mines opened a few year* ago in Alsace 
near MtUbauacn, where the German troops are now 
repelling a French Invasion. 

Notwithstanding the apparently Inexhaustible extent 
of the German salt deposita they are really Insignificant 
compared with the abundance and variety of potash 
rocks (feldspar, etc.), which occur everywhere in the 
earth’s oruat It is their solubility in water and conse¬ 
quent ready amenability to chemical treatment which 
gives the German aalt* their great Industrial Import¬ 
ance, and make* It appear altogether Impossible for 
any other known aouroe* of potash-containing minerals 
to compete snocassfully with them. Deposits similar 
to the German have lately been discovered lu Spain, 
and, If they prove to be aa soluble and as aoceaalblc, 
competition may be expected, but adequate reports on 
this source of supply are not available at the present 


from the mines and storehouses to the coast on account 
of the monopolisation of railroad and river traffic by 
the army and navy, so that not a ton of potaah has been 
shipped to the United Staten since bustUltiea started 
last August. 

Potaah has a wide and Deooaaltous use in many fields 
of Industry besides pharmacy—In agriculture, glass 
manufacture, and soapmaking, to mention same Of the 
more Important The serioaa problem now confronting 
the country la to find substance* that will yield water- 
salable salts of potaah in sufficient abundance to pro¬ 
vide relief from the deprivation of the German supply 
and at the same time put our farmers and chemists in 
a position of aconomlc independence for the future. 

The mineral sources of potaah lncluda the salts and 
brines found in the lake basins of the arid West not¬ 
ably In Utah, Nevada and California; the mineral alu- 
ntte, a double sulphate of potassium and aluminium, 
lately found near Marysvale in Utah; and certain 
natural silicates or potash-bearing rooks, aa feldspar, 
etc. Although a great deal has been published concern¬ 
ing potaah mines and deposita in Nevada, no one out 
there appears to have ever beard of their bring worked. 

Kelp, or so*weed, contains a notable quantity of pot¬ 
ash In combination with chlorine, and the stretch of 
giant alga) groves on tb* California coast are rich In 
potassium chloride, bring estimated to contain up to 80 
per cent of potash in the ash, and in some case* up to 
2 per oent of iodine, which substance It is considered 
would lgygely pay the coet of production of the potaah. 

The most promising source among the lake bed* of 
the West la Bearles Loks in Ban Bernardino County, 
California. Borings show that the deposita In thla 
lake bed consist at a mass of salt* about TO feet 
thick. These salts are made up of sodium chloride. 
The structure of the mass reveal* a ooaresly crystal¬ 
line and honeycombed form, the apace* bring filled 
with brine. Below a salt bed extending down for a 
distance of 38 feet, a brine la found which analyse* 
a boat 4M per oent of potassium chloride. A plant has 
been recently started far the extraction of the potash 
by a spraying and evaporating proceaa This is ex- 
psetad to have an output of 130 tout a day when work¬ 
ing at fall oaparity, but the entire deposit, according 
to Ooreragwut eAtiipatra, Amounts to only 800,000 tons 
—Ms* than a year 1 * supply I 

A prwatotag stem at potato sa h by-prod not is tb* 
Portland oeaant industry. By replacing tbs day ordi¬ 
narily used Ip oesesst ma un f a c t o r* with finely ground 
ortbodsse or psfiito fitifepar, it worid bs pos sib le to 
obtain aa a b y -pro du ct g quantity of potash eqatl to 
about one offUon tons a year. Any grenfle toe to garia g 
feldspar, or phooritta trititf at a eohatituta & dty 
in this promts. All that ts neoaasary would be to grind 
the nek, ml* tt wNhajaesfro* and bast,. At meat to 
a higher ta e op e ret aa* trie** orfflrorily.toro ta«to*to 
work, or say, l,400 fieg. Cjtnt. Ibapctaaattnsto trim 
oat by tb* Urn*, andcwvwtad tafo a cartwmrts, mere 
or lees mixed with Wfctoa from th* mM.M 
taatiy eatable and rendgyMoet fin** *i&i* 


by this process t* said to yield » per asm eg aej, 

Among the minor sourest of potash that migkt be 
worked for industrial purposes, for tb* w a wtift t Wa ji at 
pharmaceutical touts. etc., the waste Uqwta frets th* 
manufacture of beet sugar are worthy at not*. Seta* 
15,000 tom of potiMtan in pfetifanfl uttnUjr 

In Germany tram this aouroe abate, and a* fact. jfiagM 
has pointed out, th* waste liquors of the French best- 
sugar industry were at on* time a fairly good socrc* 
of potaah, large quantities of a crude oorbonat* obtained 
in this way being at on* time imported hy Atototam 
chemical manufacturers. On the aaraaptien that the 
molasses of the American best sugar Industry contain 
tbs ram* proportion of potaaadom that is presen t 
the German and French sugar beets, there would deem 
to be an opportunity in this country for the exploita¬ 
tion of potash manufacture aa a by-product of this 
industry. Beet molasses, or the residua* loft altar the 
extraction of the sugar, contain the total potaah afilla 
of the root This malarial Is either charred directly, 
yielding toAietayJtoJU*, or it 1* daaochariaed, or fer¬ 
mented and th* final llqnon (rinoaa* or goMasipa) from 
these processes are evaporated to d r y a re * and the real- 
doe calcined to a black porous mass which attar appro¬ 
priate treatments, ytridi a product containing about 
86 per oent KfiO, and 8 per oent Ka/XV 

It baa alao been suggested that the wait* llqnon of 
the sugar industry in tha South might be utilised as a 
source of potaah, but It to not known how toil* a ytold 
might be expected, or IT th* process of extraction oonld 
be operated so a* to prove a commercial snooeaa 

An Interesting source of potaah to ■hasp’s wool. In 
the internal eoanomy of th* sheep, tbs potash lngsstod 
by the animal aa constituents of the roots, herbs, and 
grasses on which it feeds, to excreted mostly aa sweat, 
one third of the weight of raw merino wool being mid 
to consist of potassium compounds. No attempt has 
been made in American sheep-ratolng districts to save 
this potaah, though in Freno* aa much as 1.13B tons of 
wool potaah an produced snaoally by several wool- 
washing plants. Wool yields about 180 gramme* to 100 
gramme* of potassium carbonate per kilo of combed 
woo), or from M to 10 per oent of potash. The raw 
wool to washed with oold water, whereby th* potaah 
soaps, with some erf the neutral fat and ahotoatiri. are 
extracted. The solution to evaporated to dryness and 
calcined, giving a residue containing about 88 per cent 
K/3Q, th* remainder bring Na,CO» together withKJSO, 
and KCS. 

Among plant* the ashes of which are particularly 
rich In potash, sunflowers, tobaoco, and fumitory may 
be mentioned. Potassium carbonate once Wmt by the 
name of aalt of wormwood, the ashes of thla riant being 
largely used at one time tor Its production, fori as it 
was called salt of tartar from the fact that craAfa of 
tartar was ones employed aa the source of a pan 
article In a table published In Crooks's tr anslation of 
Wagner's “Chemical Technology,” th* following figure* 
are given of art and potaah yields of 1.000 parts of 
the wood* named; 

Wsod. Art. Potash. 

Pine .. 8.40 0.46 


mo 0.74 

l*f>0 100 

MO 

3800 a-* 

8AO 800 


Willow . 8800 XSfi 

Tine .. 840 800 

Dried tares 804 fiSfi 

Wormwood .. 87 A 

Fumitory .. m.O 7fc0O \ 

FamUtor^wUh th* extent of the awtltata* et^AyW 


nstairpM. If til# mlti* now wwkad toGe* 
many Were to otata profibriaf w«rt, rowagh wrifid 
b» available In Oft .forty remalkto* mtotoro-torttoffi, 
wocWa requirement*. It id aatt' tow'** tosEltvfe 

WTASKewHS 

irnrnVSmm^: 


million 
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Discoveries About Bacteria* 

A Simple Description of What They Are and What They Do 


Ttu London oewspopsrs ire afflicted by a dangerous 
mtmm to provide that* reader* with abort article* 
aabotindm ‘something new" 1 am sorry to aay they 
ara gomptlm** not my particular as to whether their 
aaMmUMMOts, whan routine to matter* of phyileal 
KhDU natural Uatory and medicine, are true It 
would taka up mnch Ipece ware I to live a complete 
Hat 0( the ltana of rubblah which are sow beln« dally 
felsfed on the newspaper reader hy lsncrant wrltets, 
who an encouraged by eotne uewapaper propt fetors to 
write "smartly" and Inform I ngly ’ about scientific and 
madkal subjects ‘of which tbaae wrltero are lnorant 
and concerning which they make outranoua blunder* 

I will bare notice only one of thro* recent mUleadlng 
anaounowMBta It relates to a eobject which, when 
properly dealt with, may be of gnat Interest but can 
eaalty ha made a meanloglero abeurdlty A paper com 
muMoatad to the Academy of Science! of Peril by Dr 
ittan, the director of the Pasteur Institute was wrlttin 
by Madame Victor Heart, and derorlbei tome obeerra 
ttona made by her end M Victor Henri In the Ubora 
lory of Dr Borrel in the Pasteur Institute, with regard 
to the change of character caused by the action of ultra 
violet rays of light acting ou the bacterium known as 
‘Bacillus anthracla, which la the minute mlcroseopk. 
■gsra" or infective parasite causing the deadly disease 
known as aplealc favei anthrax,’ or ihnibon lu 
cattle and sheep and aa malignant puatuk. In uiau 
This little paper to an Inteieetlng contribution to the 
•object But somehow or other It* title attrwted the 
attention of the Firli new* purvcvoi and accordingly 
we had It announced by tetograma to l»ndon paper* as 
a wonderful revolutionary epoch making discovery 
which mwt at once bo proclaluied to tbo British ell Iren 
at hla breakfast table He was naturally lm lined to 
ask Who on earth enrol It the ultra aomethlng rnyi 
do act aomehow or other on baclllna what ■ Its naiucT ’ 
glues moat people mart be as no doubt was desired 
misUSed by the announcement aud eotne perhaps 
soothed by its phraseology as by the triuweil woid 
‘ Mesopotamia” (In fact aa we may say mesopotaml 
fled’) I will endeavor to state In plain tenni what It 
really amount* to 

The name bacterium—meaning a abort rod—waa ap¬ 
plied a hundred voaro ago to a common rodllke mlsero 
acoplo form (often only one twenty thouwindth of an 
Inch long and a third of It* length In breadth) octur 
ring by million* In putrefying vegetable and animal 
refuse, and well known to all who used high powers of 
tbs microscope to explore natural waters inch as 
pond* and su pools Tbay wore llret men and droeribed 
380 years ago by the Dutchman Leeuwenhoek who 
found them In million* In tbo human mouth' Each rod 
multiplies by dividing aa It Increase* lu length Into 
two Prom a alngla rod many mUlloni arc thus pro 
dneed In the course of M hour* The Austrian botanist 
Kigali, about sixty yean ago gar* them the name 
gchtoophyta or splitting plant* ’ ou account of this 
mode of rapid multiplication According to the nature 
and abundance of the material (animal and vegetable 
refuse) to which they are growing they aroum* differ 
ent *1 tuple farms Borne grow Into long hair like file 
matt* before splitting Into smell red like bit* others 
break op Into tiny sphere*, called ‘cocci * ot ‘mlcro- 
oocd," others take on a spiral, or corkscrew form, and 
are railed "spirilla,' and break up into little curved 
bits ^twi "commas," or ‘vibrios' while others, rad 
Shape* like tbs original "bacteria." but a little longer 
bl proportion to breadth, are known ss “bacillus " Oftau 
they are mottle, being provided wtth one or more sxese- 
afrply deUrate vibrating thread* of pretodaam, which 
hasp than to constant and rapid movement The rame 
kiafto wlU. certain c o n di tion*, oaaa* to move, and 
throw out a* they grow and mnltlply an abundant jelly, 
In wfesfe they an ambadded. Moat ot than ran wtth 
stand theqfacts ot tha drytog up of tha molat mattar 
to *«dk thsp grew, art Mown about aa drat, ap- 
pa r a s ite dart, bat retire tote seflre Mf* wren th*y fill 
b*o Dqntt, or «U to a motot aorface Oooaeqoentiy. they 
art wwkaow of remark of kind* of 
m WWrrtng to shayy erro r hragtoabl. Pc-ti« 

mlrtate^rtaVtertroSMlWtoalr.thanMMMh. 

Stomm at Bring at dart MbuM dr ptonto, ran be ftmrt. 




but arara are not Wirt by « 

^ffyttjtSTaoaaawS 


By Sir Ray Lankester, K.C B , F R.S 

lower temperature Great cold even that of liquid air 
doe* not kill tbani but suspends their life so tb it they 
recover with Increase of tem|«retur* Strong sunlight 
kill* them some kinds more quickly than otitera They 
are chemically altered and eoou killed by the Invisible 
ultraviolet raya which accompany the light raji which 
act upon our eyes Those ray* are given out by the auu 
and by many other Incandescent or light piodudug 
bodies, such is gases aud tbe vapor* of metals bested 
to the electric arc of electric lamps. But of course 
these rays do not to natural conditions fill on to the 
'bacteria which are conraaled beneath tbe surface of 
opaque masses of refuse to mud snd Inside living sal 
mala end plants 

The bacteria are not only excessively minute but the 
simplest of living things to visible strut tun They are 
Just rods or granules of living protoplasm with a dense 
surface and a granule or two or a liquid holding space 
sttbln 1 hey do not pomees tbe peculiar active cential 
kernel or nucleus which U characti rl*tlc of the proto¬ 
plasmic cell units of animals and plants Nevcrthelcm 
they bare tbe moet prodigious cliemlcal power* and an 
astounding variety of inch power 1 liey do not feed aa 
green plants do by decomposing carbonic acid with the 
aid of that ital maivel leaf green or chlorophyll 
they do not lake caibon from carbonic acid and nltrogon 
from nitrates Not are they limited to tin- albuminous 
mibetanco* of flesh and of plants for the necessary ul 
trogen of their fond n* are all animals They have 
vciv siwclal and vailed puwms of digestion like those 
of tbe molils v oast* and fungi—the col >rle« plants 
I hay do not digest their fund as animals do hy taking 
bits of It Inside them and l hr re chemically operating 
upon It I heir food does not got Into them as dots 
that of animals but they get Into IL They mt up 
most remarkable and deflnlte chemical change* In tbe 
animal anl vegetable refuse In which they mnltlply 
■ hinges which may be compared with those affected In 
tlie stomai h and Intestine* of animal* whore they are 
called dlgistlon Gradually chemist* are gelling to 
know the nature of some of the digestion like changes 
produced by different kinds of bacterls But their full 
discovery requires the greatest skill and delicacy of 
experiment and baa yet to be attained The i hemic al 
action exerted by another class of minute vegetable 
organism* tbe yeast* when they cause rennenta 
tlon breaking ap tbe sugar of malt to the biewcri 
vat Into carbonic acid and alcohol Ih similar t> tha 
chemical action of many bacteria they feed and uiul 
tlply In the procea* of chemical fei mentation which 
they causa Just as tbe yeast plant doe* Putrefaction 
with Its accompanying foul smelling gases and destruc¬ 
tion of dead animal and vegetable matter Is a fertnen 
tatlon i ruled by bacteria just a* the production of 
alcohol and other bodle* ftom sugar In the fermentation 
caused by beer yeast 

Alt the dead bodies and waate excreta of all animals 
and all plants on the surface of tbe globe are thus 
broken up by bacteria Putrefaction and decay la tbe 
result of life tbs life of bacteria aud not of death 
All bad amelia except those made hy chemists are made 
by bacteria If there were suddenly a destitution of 
all bacteria the earths surface would be encumbered 
by the unchanged bodies of Us animals and plants as 
they died snd accumulated Not merely that but all 
the carbon and nitrogen would be fixed and ‘ held up' 
In those dead bod lew—for the putrefaction caused by 
tbe bacteria Is carried on step by stop—until tboro 
essential elements are returned to tbe water and tbe 
soil of the earth u osrtxmle acid and nitrates The 
green plants must have tbe carbon and nitrogen of their 
food to the ■ table, simple soluble chemical compounds 
railed carbonic arid and nitrates. They cannot feed on 
the carbon and nitrogen built up Into tbe fat sugar 
and * tournees ot other plants and of animals. If tbesa 
wen not chemically broken down by the becteria Into 
carbonic arid art nitrates, the green plants would cease 
to exist, and so would the vegetarian animals which 
feed on them, snd tb* carnivorous animals which feed 
on tb* vegetarian* and there would be an end of tbe 
wbols world ot Ilf* I Tbe bacterls are tbe necearorv 
agents fur keeping tb* carbon and nitrogen to circuit 
tion breaking the complex chemical compounds of tha 
bodies of animal* and plants down to tb* simple cor 
bosk, arid and nitrate* and so returning them In the 
mice— re Itsto of simplicity to tb* primary bulldereup 
of (tot* suhstsBca—th* green plants. 

Astst* to* trn^riSBt Awlral operation* of bacterls 


are the bringing about of oxidation or conibluatkm of 
uxygui with oilier nabetunocM. Different kinds of bac¬ 
teria separable to some extint by thcli shape and 
growth as seen with tin, inliroscope but mure cleuriy 
dangerous by plcklug Uum out from tlMli filtuwe by 
means of lultlvetlou rowing tliem Ilka need ou uoui 
tailing Dims and Isolating them and than tenting tbali 
properties—are reepooiibh lor different chemical opera 
ttona Some require the ptcacnce of flee oxygon fur 
tlielr growth others ran do without tt (and are called 
an aerobic) tome will flourish in weak add Holds, 
others are killed or arrestod to growth hy arid and re¬ 
quire alkaline fluid Borne live In the eoll or to tow 
water* of tbe sea to rivers or pool*, others live on tbe 
surface of the bodies ot plants and of animals, others 
Inside to thr month In tbe Intestines or In the blood 
and tisanes of animals or In the juice of plants Be- 
itdae the commoner putrefaction* which u recognlaa 
by tbolr unpleasant smells there is a kind of bnitcrlum 
which make* soar milk that Is, convert* tbe eager 
of milk Into lactic arid another to which we owe 
vlnegai converting alcohol Into acetic add anothM 
width given flavor to iheese by producing butyric arid, 
and others producing other flavors Other* of great 
Importante me first ono which breaks down organic 
matter already made pnticsrait hy other bat tart* Into 
ammonia (familiar through the smell of stables ), 
another which oxlillrt* ammonia Into nitrous arid, and 
another will h nxldlvrs nitrite! Into nltratea Thane are 
or essential Important t In agriculture and to the change 
of sewage and natural refuse Into food for green plant*. 

W bile they are ubiquitous nnd nctlve nnd essential In 
it tlwuitiind wnys In the world uround us, the bacteria 
lutve a more perron il Intorowt far ns when (hey operate 
oil and to our bodies. I bur muse ft inundations and 
produco mu I ius anti ottin deadly potions within u* 
Jilt lull Milne Is full of them one-tblrd of the solid 
tugttor In It being bacteria and theao of many kinds 
some hnnnlew Home producing Injurious poisons from 
the undigested food wblth may bo absorbed Into tbe 
blood Tbt dim nuts known as septic poisoning typhoid 
fever ibolero dlsnhcra diphtheria erysipelas glanders 
anthrax or malignant pustule pneumonia tnflarnra, 
common catnirb lipnsv tubercle Infantile paralysis 
and others have within tbo lifetime of mnnv of as been 
shown to be due each to a specific kind of bosterlnm 
producing «pe< Ifti poisons by Its life procames and tbe 
chrmienl fermentation* which It seta up In this or that 
pait of the body 

The question has naturally arisen—is e*<b of throo 
enurni ius and terrible array of bacteria a different 
kind—that la a different sport**? Or ran odl kind be¬ 
come changed and altered In It* character and activities 
by change of conditions so that poaslblv a banulma 
non poisonous kind of bacteria living outside tbe body, 
might become altered by parasitic Ilf* and change Into 
one that Is deadly nnd poison producing 1 During the 
pent thirty veara experiment* and Invrotlgntlon* on this 
question hnvc been constantly carried on One of the 
earlier integration* (due to BOcbnpr) wss that the 
anthrax bsclllns I* tbe same orgnnlsm as that common 
in hay tbe bav bariltua which It much resemble* In 
farm nnd growth Bnt after careful experiment the 
supposition has not been confirmed rxperimeuta on 
the possibility of altering the farm olid the chemical 
activity of bacteila by growing them tn novel conditions 
hive been numerous It was discovered by Taateur that 
by growing certain [Krasltlc dleoase-produclng bacteria 
—outside the body to tbe presence of exvgen—tbelr 
virulence as poison producers could be greatly dlmln 
lshed Recently a paper was communicated to tbe Royal 
Society bv Mr Bevis showing that the commonest bac¬ 
terium tn tbe Intestine of man known as bacillus coll ’ 
ran be completely altered both es to Its appearance snd 
c bemteal activity by cultivating It outside the body In a 
broth to which a small quantity of an organic chemical 
compound known as malachite green bad been added 
1 be effect of temperature end of light on pertieolar 
kinds of bacteria as well as of tbe presence of various 
chemical substance* to the cultivation have been made 
tbe subject of experiment during tbe past twenty year* 
but has not advanced very far Hence the experiments 
made hy Midome Victor Henri on tbe action of the 
ultra violet rays of a mercurial vapor lamp In modify* 
tog the mode art form of growth of the anthrax IwcH 
In* and tt* power of Betting op tbe recogntosd symptom* 
of the disease known as anthrax are a welconu <on 
tribution to the general Inquiry 
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The gigantic rock folds In the t anadlan Reek; Mountain! sculptured by ke 


The Origin of the Rocky Mountains' 

As Told by Evidence Gathered by the Geological Survey of Canada 


rnr elr\ atecl and mountainous tru t which borders 
I lie western purtlon of North Amu ha In mede tip of n 
mmihei of parallel mountain *v*tim* which trend 
northwest and southeast and In me iwrallel In a pen 
oral wav the <orreepnndlng fa llh «oaat line This 
tract kmwu an the North Anu-rhau fordlllira ha! a 
Width of four hundred mile* 111 southern British to 
lombla 

In an endeavor to dewrlbe tin origin of the Boikt 
Mountains It may lie well to pmede the discussion bv 
a general analysis tf the North American Oordllli ra 
In Can* la 1 hb baa been admiral ly done by Prof H 
A Italy whom mounmuital work on the geologv tf 
three moantalna haa Just beeu publlnbod The hud* 
for the < laxsltlc aHon of the Cordllh ra Is tin great topo¬ 
graphic tr geogiaphU breaks whUh cut It up Into dis¬ 
tinct mountain systems These geographic breaks are 
ixprvNsed In the form of longitudinal vullera which 
are remarkable features of the Cordlllc ra and aa tar 
hm | resent knowledge goes they coincide with the greet 
atrnttnral breaks on which a genetic ■ lawdhcatlon of 
monntalDR should be based 

On apprnai hlng the < ordlllera fnm thi east the Drat 
■ ange of the Hoc ky Mona tain a extern rlaea from the 
monotrnona plains In a long at rapt line of serrated 
peaks flanked at the base by a low range ot foothills 
This system extends from Montana to the Arctic Ocean 
In the form of an elongated chain competed of three 
major segments arranged In echelon In which each 
successive northern segment la aa It were stepped to 
the west Each segment la composed essentially of 
a remarkable system of parallel ridge*, whose strike 
cm responds to the genet si trend of the mein range 
lb* average width of the Rocky Mountain system In 
Mouthern British Colombia and Alberta la about sixty 
miles while at the Liard River it apparently loses Its 
regularity and Imports Doe only to again assume the 
same character farther north Is British Colombia 
and Alberta many peaks exceed 10000 feet while the 
ac rage clocation ranges between 8000 and #000 feet 

On the west cf the Rocky Mountain system oocnrs the 
Octal Rocky Mountain Mph a continuous geographic 
break in gnlrcd fr ra Montana as far north as Alaska 
craning the Inti rustic nsl boundary line la the vicinity 
erf DawMt In the southern pert of the Cordillera In 
Canada the Purcell Range—an elliptical shaped mam 
of ragged moantalna occurs west of the Rofhy Moon 
• From Mam Ctaapwta* * 


By S J Schofield 


tain tiLUch Stivers ting the Purcell system on tho 

cast from the Selkirk Range on the west la the Pur 
til trench In which occur Kootenay River and Koote 
nay lake West of the Selkirk Bunge and separated 
fr an It by the Selkirk valid come* the Columbia 
system 11 m last three systems the Purcell Selkirk 
mid ( ulmnlvla trend very close to north and south and 
lien e are terminated to the tit itb by the Rocky Moon 
tain xvKtem which trending northwest southeast, cuts 
them off The Oolnmbla Range gradually passes Into 
tho luttrlor Plateaus characterised by low rounded 
bills nnd plateau like upland Rtrrtrhes having a mean 
elec die n of T800 feet alove sea level This Is suc¬ 
ceeded to the west by the l oast Range which parallels 
the raelflc toast hence trending In a northwest south 
cast direction The descent Into the Pacific Is pro- 
cljitouH and many deep fiords mark Its contact The 
must westerly snheltilxkn c f tin ( ordlllera la the Van 
comer Range constltnted by Vamonver Island and the 
Queen Charlotte Islands The southern extension of 
this island festoon Is the Olympic Range of Oregon 
hisreiaunow or socks 


tory similar to that of the Columbia Range consist In 
great part of bedded rocks of praCambrian age In 
traded by masses of Igneous rocks of the granite family 
The Rocky MoonUIn system the youngest member of 
I be Lordllleia Is compoaed almost entirely of bedded 
rocks ranging from early Valaeogolc to lata Cretaceous 
while the Great Plains are underlain at the surface by 
deposits of Cretaceous and of Tertiary age 
Deposits of tbs last goologlud epoch the Plalatocene 
or Ol acini period are scattered sporadically over the 
entire Cordillera 

guitoiao or ran fuioblu 
If we could aland on the ancient land In the neigh 
borbood of the Colombia range in pre Cambrian thne 
to the west could be seen a rolling and monotonooa 
landacape of moderate relief while to tbs east, aa far 
aa eyi could aaa a shallow ssa In whkh waa being 
deposited Mind and mod derived from the gradual wear 
ing away of tha old land by stmosphsrlc agencies and 
by running water That this sea waa shallow and 
remained shallow till Cambrian time la evidenced by 
the ripple marks, pxtA cracks rill marks, and tha oasts 
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Looking Math along the range- Note the iteep eastern and the gentle western slopes. 


stood after tbs Jurassic Revolution. It luid bwtu shift¬ 
ed fraas the Columbia Bangs os far east ss the western 
part Of what Is now represented by the Hoeky Moun¬ 
tains. 

tub oaiuis tar tub booby mountain systbm. 

After the bonding of the Jnrasstc or early Cretaceous 
Mountains, they were at once subject to destruction by 
the agencies of erosion. The results of this erosion 
can be seen In the Cretaceous strata of the Bocky 
Mountain system. From a study of these strata, which 
for the most part are oompOeed of conglomerates (wa¬ 
ter-worn pebbles) and carbonaceous shales (hardened 
muds) with which are awocUted many aeams of coal 
and tmpraaalmiH of foastt plants, It may be concluded 
that at certain times the Cretaceous sea was shallow 
enough to hare a dense jungle growth thrive upon Its 
vast deltas formed from the material dorired from the 
destruction of the Jurassic mountain ranges (Purcell 
and Selkirk) to the west. Sedimentation continued 
throughout the Cretaceous until sufficient strum had 
accumulated locally In this part of the earth’s crust 
for the generation of another great mountain system, 
the Bouky Mountain system proper. For the formation 
of this great thk-knem of Cretaceous strata, the Purcell 
and Selkirk ranges were worn down to a low rolling 


going stream endeavors to maintain Its course to rin¬ 
ses across the rising ridge, which offers s harrier to 
Its progress. From an examination of the transverse 
streams of the Rocky Mountains we see the victory In¬ 
variably rested with the streams which now cut through 
the fold* and fault blocks. These through-going val- 
loys, making It possible for the trans-continental trains 
to reach the Pacific, have become the highways of 
commerce and travel Bach valleys are occupied by 
the Crowsuest Branch and the main lines of tbe Oa mi¬ 
dis n Pacific and tbe Grand Trunk Pacific Hallways. 

Throe streams are termed antecedent streams since 
they kept tbelr coarse In spite of tbe barriers raised 
(by tho mountain npllft) against tbelr progress. The 
longitudinal streams, on tho other hand, occupy weak 
portions of tbe mountain area. In the Bocky Mountains 
they occur In areas of Cretaceous rocks which, bring 
composed of soft shales, sandstones and conglomerates, 
are more easily eroded than the Ilevono-Carboniferous 
limestone on either side. These streams, called subse¬ 
quent streams, since they are Initiated subsequent to 
tbe moan tain building, are tributary to tbe thorough¬ 
going or antecedent streams. Tho position of tbe val¬ 
leys In tho Rocky Mountains, In contrast to that of 
the Purcell Range to the west depends entirely upon 


slowly ilnwn the slots-. With It 
depressions would lie « 
snowfteld and finally by the nAvA of n glacier. Plucking 
action along the bergsebrnnd would now rapidly push 
erosion headward. This action Is well described by D. 
W. Johnson', who descended 180 feet into a bergachrand 
In a glacier In the Blerra Nevada. “It waa In all stag** 


fallen to the bottom, others bridging the narrow ebama 
and others froaen In the nArA. Clear Ice bad formed 
In the fissures of the cliff. It hung down In gnat stalae- 


floor." Here he states that for a considerable part of 
the year there would be “a dally alternation of fresh¬ 
ing and thawing. Thus a cliff would be rapidly under¬ 
mined and carried back Into tho mountain slope, so that 
lief ore long the glacier would Dearie In the shelter of Its 


own making. The lee grips like forceps any loon# or 
projecting fragment In Us rocky bed, wrenches it from 
Its place and carries It away. ... aa the cirqusa re¬ 
ceded. only a narrow neck would bo left between them, 
wltlch would ultimately bo cut down Into a gap or coL 
Thus a region of deep valleys, with precipitous sides 
and heads, of sharp ridge* and of more or less Isolated 
peaks. Is substituted for a rather monotonous. If lefty. 


landscape over which the meandering *! 
sluggishly. This landscape, In technical language, Is 
called a peneplain, and alnc* It waa formed during Cre¬ 
taceous time, a Cretaceous p e n e p l ain. 

At the dose of tho Oietaoecaa or In early Tertiary, 
tbe Rocky Mountains were formed. The earth's crust in 
this region was raised first In t aerie* of gigantic fold* 
with their longer ansa trending northwest-southeast 
or parallel to the Pacific coast In the eastern part 
of tbe range blocks of the crust were poshed up and 
carried bodily over the surface for a distance, In the 
ones Of fee most eastern blocks seen east of Banff, of 
right Btlloa. Thna tbe Bocky Mountain system la a 
mrim of parallel ridge* with steep face* to tbe east 
and gentle slope* to the west, and, In a view from one 
of . tbe higher peaks, strongly reoombka the parallel 
wajfe of tbe sea as they approach tbe abort. This 
atarife Is feed* mors striking by tbs praseon of tha 
art* tod ice on tba northsaatsrn slopes of the peak* 
bs rttong Oontrsat to the deep green coloration of the 
fofe* earned vnUeys., la the ptatnrt tha enow and 
ioa sparkling fa Off ahn represents tha foom on the 
tod thg nee* hM the Oool depths of the ocean, 
eagwrea ocr*. rat nusrs 


i.the>|aittatton of a 

<.<*?>*** <*tl* eaiflWortat marks the beginning 



MA* **<**• 


tbe etrnctnre of the mountains, that Is, the drains sc 
U Impressed concordant with the folding and faulting 
of tbe underlying bedded rocks and hence the valleys 
belong to one cycle of ereel on. In contrast to this, the 
drainage of Purcell Range Is entirely Independent of 
structure and Its history can be referred to two cycles. 
In tbe first, during Cretaceous time, It was worn down 
to a peneplain, then uplifted concomitantly with tbo 
formation of tbe Rooky Mountain system. This uplift 
rejuvenated the streams, which again eroded out tbo 
present valleys which ogn be referred to tbe second or 
Tertiary cycle of erosion. 

s otar r oB rwo or ran mountains rr qlaoucbs. 

Tho final molding of the Rocky Mountains Into tbelr 
present form la doe to the erosive action of tee. An 
examination of any area within these mountains would 
show that tbe heads of nearly all tbe streams termin¬ 
ate In a beautiful lake or tarn nestling In a rock basin. 
The basins ire called clique* and owe their origin to 
tbs work of now and Ice. The configuration of this 
mountain tract previous to the (Racial period was natu¬ 
rally marked by Inequalities In the upland stretches and 


arrival of tbs Glacial period, would not completely melt 
daring tbe summer month* and would coatinn* to col¬ 
lect until, with the predpltaUoo in tbe winter far ex¬ 
ceeding evaporation In the summer, the collection of 
tee would slowly move down the slopes Into tbe valleys. 
The inequalities which would be filled with now would 
gradaatly enlarge by tbe movement of tbe water under¬ 
neath the snow «nd eren by tha enow Itself u tt crept 
;; '& l& ftd i sn a r S e rt eee, sew -rise. Vet % IMS, p- 190 


highland." 

From the above description It can be seen that the 
detailed beauty of tbe Rocky Mountain system with its 
castellated crags, horns, cols, aretes, and cirques. Is 
not dne to tbe forms originating with tbe banding of 
tbe mountain ranges: this merely places the foundation 
for the subsequent superstructure which Is created In 
its main outlines by the erosion of running water, while 
tbe final decorations are furnished by the artistic touch 
of enow and moving Ice. 

Explosion of an Electric Tranrfonner 

The explosion of a large electric transformer In Booth 
Africa appears to have developed a new fact that waa 
not before known. In taking down tbe transformer for 
repairs the workmen proceeded to drain tbe expansion 
tank located above the transformer of the oil it con¬ 
tained, and before doing so a workman held a lighted 
match over a eight bole In the tank, when a severs 


explosion occurred that either killed or severely burned 
every man present, besides setting fire to everything 
Inflammable In the transformer chamber. As the oil In 
tbe tank wan not above 84 deg. Oent, and Its flash point 
was 140 degrees, the gas that censed the explosion 
could not have been oil vapor, and experiments were 
Instituted nalng extra high tension discharges under 
transformer oil. Samples of the resulting gases were 
collected, which, on analysis, proved to contain at least 
82 per cent hydrogen. It b evident from this experi¬ 
ence that great care should be exercised not to allow 
a naked light near transformer oil tank* or oU switches 
until they bare been thoroughly reotiUted. 
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Protection from Earthquakes' 

Principles of Location and Methods of Construction Found Desirable 


Altuouuii the definite prediction of earthquake* atlll 
presents auriuu* difficulties, wu have, at loait, learned the 
location of the seismic regions of the globe, and, in gener¬ 
al, tha degree of mutability of the noil theruin. Hence 
arisen the capital question: Must seism in regions be 
abandoned, or are thero moans of ensuring the safety of 
their Inhabitants? The abandonment of such countries 
is, for material reasons. Impracticable, but those who 
dwell in them should give heed to the faots stated below. 

CHOICN or A BUILDING SITS. 

The location of a building in a region subject to earth¬ 
quakes is by no moons a matter of indifference, for with¬ 
in such regions sumo districts always suffer more severe 
offsets from seismic shocks than others. Thus, during 
the great Lisbon earthquake of 1756 tho lower portions 
of the town, built on alluvial or unoom pooled tertiary 
soil, were devastated while the higher quarters, built 
on baialt, withstood the shocks quite well. At Alx-la- 
ChapoUe, in 1877 and 1878, destructive effects were 
confined to the part of the town built on a loosely com¬ 
pacted chalk, while the quarter built on lhneatone did 
not suffer. At Toklo tho higher part of the town, built 
on the rook, almost always suffers much leas from earth¬ 
quakes than the lower town, the soil of which Is alluvial. 
Many other illustrations could be cited. Borne ex¬ 
ceptional oases admit of special explanations. 

Boils consisting of alluvium or dfibris, trhen (Asy occur 
in a eery Ikieh loysr, offer an extremely favorable site 
for building*. The reason Is that they are very poor 
transmitters of aeismio waves, which are propagated in 
them with as much difficulty a* sound-waves In sawdust. 
This Is true of alluvial strata whether lying underground 
or at the surfaoe. Examples are found In the plains of 
northern Germany, the Russian steppes, the llanos and 
pampas of South America, and the prairies of Arkansas, 
where aeismio shocks am al incut unknown. These re¬ 
gions are, for the moat part, characterised hy the great 
thickness of their alluvial deposits. 

On the other hand, if such strata are shallow, con¬ 
siderable movement will be felt. This apparent con¬ 
tradiction may be explained on the analogy of a mass of 
sand to to which a cannon is fired, as In certain artillery 
teats; if the mass I* thick it deadens the Impact, while 
a small layw or pile of sand Is scattered In all directions. 
Hence one should especially avoid placing a building 
on a thin layer of relatively loose soil overlaying a thiok 
and solid stratum. 

Qensrally speaking, anything which interrupts the 
homogeneity of the ground tends to increase the shocks 
transmitted. Location should, therefore, be avoided 
at the junction of two strata of very different material, 
aa well as the vicinity of geological faults and the brows 
of cliffs and ridges. In suoh locations an earthquake 
products a phenomenon analogous to that which Is seen 
when a violent blow Is given to the tint of a eerlee of 
billiard balls, lying to contact with one another; the 
■hoek la transmitted by the Intermediate balls, but only 
the one a| the other end of the row is set In motion. 
Villages and building* perehed on the ride or crest of 
stoop bills suffer severely to earthquakes; the superficial 
layers of the earth play the same riU aa the final billiard 
ball Just mentioned; oven solid rocks may be thus cracked 
or broken Into fragments at tho surface; long crevaaeee 
are formed parallel with tho stoop face of cliffs-, and sooner 
or later landslip* ooour. In a similar manner, tha bank* 
of riven may ooBapse, carrying down and destroying 
houaoa, reads, and cultivated fields. These faots illus¬ 
trate the danger Incurred in Installing buildings, conduits, 
reads, or railways along steep escarpments to countries 
subject to earthquakes. The ssjno oonsiderations apply 
to railway embankments; they need to be flanked by 
very strong constructions. 

To summarise—In “earthquake countries," or even 
regions of ordinary selimioity, it ia advisable to avoid 
placing liouses on lofty elevations, where the amplitude 
of seism!o vibrations will reach a raarlmnm, or on the 
•topes of hills rad mountains. Plains and broad valleys 
nffor a preferable location. Between two locations on 
loose soil, one should choose that in which the loose soil 
has tho greater depth. In all eases one should taka warn¬ 
ing from the history of previous earthquake*; it should 
never be forgotten that it la dangerous to build on the 
spot where a well-constructed building has been destroyed 
by an earthquake, since like cause* will again produce 
like effects. 

FOUNUATIONB. 

The question of foundations is very important. Shall >. 


we build on deep foundations, extending, if possible 
down to the subjacent rook? or shall we eliminate 
foundations altogeth*, and permit tha buUdlrg to rest 
directly on the ground? The experience of earthquake 
countries furnishes the answer. 

It ha* long been known that seismic vibrations have a 
much greater impUtade—to fact, about twice as great- 
at the surface of the ground than at the bottom of an 
excavation soma 10 feet to depth. It Is therefore Hono¬ 
rary to sink tho foundations aa deep aa possible, and 
also to isolate them from the surrounding soil, to order 
to free them from the vibrations of largest amplitude. 
Thus at Tokyo several large buildings of the Imperial 
University resisted perfectly a number of violent earth¬ 
quakes whan neighboring buildings, constructed of 
equally solid maaonry, were partly destroyed; Investi¬ 
gation proved the different effects to be due to the fact 
that the buildings of the univendty bad muob deeper 
foundations than the others. 

Whenever possible, tha foundations should rat di¬ 
rectly on the underlying rook. The regulations drawn 
up for tho Island of Ischia after the disaster of 1883 
provided for eases to which tho rook lay too far below 
the surface to be reached; under suoh cireumstaaoea the 
building was to be erected on a maaonry or concrete 
platform two feet thick for a one-story building and 4 
feet thiok for a two-story building; and the platform 
was to ox tend from 3 to 5 feet beyond the base of the 
building. In Manila tho regulations provide that the 
foundations shall be strong enough to support twice 
the weight actually placed upon them. Whenever the 
underlying ground Is unfavorable, tho foundation of a 
building should form a united whole, so that tho different 
parts of the superstructure may be subjected to the same 
shocks. Cases are common to which disastrous effects 
have been due to the fact that various parts of a structure 
did not undergo simultaneous vibrations. Many re¬ 
markable examples are found to tha history of railway 
bridges, as recorded to the reports of Omorl and others. 

Regulations in force In countries subject to earth¬ 
quakes permit the construction of oellan, and even of 
vaulted celling* therein; but these ceilings must be “full 
oentered." Above the ground vaulting la always for¬ 
bidden, as It tends to spread the walls. 

Milne also mentions a method of making the building 
Independent of the ground on which it rests, whloh con¬ 
sists of placing It either on east Iron balls or on two sets 
of Iron rulleTi at right angles to aaoh other, these resting 
on a floor of concrete. Buoh arrangements would, how¬ 
ever, he suitable only for very small buildings and would 
provide no immunity from vortical displacement*. 

It has often been noticed that ore vice* and especially 
cavern* in the ground oppose an obstacle to aelamia 
movements. In Ran to Domingo deep excavations are 
made In tho ground near houses to Insure the stability 
of the totter. Pliny believed that Rome was pro tooted 
from earthquake* by the Cataeomb*. On the other 
hand, it should he remembered that subterranean gal¬ 
leries necessarily diminish the strength of the ground 
and Introduce a new danger which Is certainly not com¬ 
pensated by their diminished rapacity for transmitting 
seismic waves. 

Practically, to regions where earthquakes are not of 
extreme violence, It will suffice to build foundations 
very deep and at least twice as thick as they are ordi¬ 
narily built else where. If there is a vaulted sellar, Its 
root should be fuH-oentered. Only the bust and strongest 
mstsrisii should be used. Foundation walls incre a sin g 
in thickness with depth are sometimra employed to 
Japan, and can be recommended. 

walls xm OHUntlTS. 

In most cam it la the highest building* whieh suffer 
most severely. The reason is obvious; if we shake a 
young tree by grasping its base, we shall see that tha 
highest branehea undergo the most violent movement. 

Various regntotions aa to the height of buildings and 
the number of stories have been promulgated to earth¬ 
quake countries. In Manila only th* walla of tha ground 
floor may be of maaonry; the second story mart b* of 
wood. In order to diminish th* weight of material the 
use of hollow briok* to to he re c ommen ded. 

rectangle, It la Important to prevent tho repar ation of 

of iron frames and tie-beams built Into the masonry bars 
been propound to prevent sash separation. Hi* certain 
that a house forming ra absolutely rigid and todufcrimaM* 
box would be the Ideal pfeft, hot it would be *stirt*Wr 
difficult of realisation. *p*ri*fiy to fee tore qt fcfga..- 


buildings. Iron built into masonry doe* not term * 
homogeneous whole. Walls and flocre bound townBiw 
with metal ttobeams may not vibrate to nufcm, wdtJd* 
Is one of the most avion* enure* of disaster. 

In Japan the light bouses of woodand paper soOre 
comparatively Utils Injury, and the damage would be 
•tfll less ti the wall* were fastened together *i th* bottom 
with wooden girders. In fianterta the people Srmfcx- 
tounsmortol constructed their house to tits tom of a 
monotlthie box, without bottom, sbnpty resting on top 
of the ground. They are built of a kind of OMMtoVeoneist- 
tag of lima and srOahsd lava. Openings are reduad to 
a minimum, and th* vaulting I* v«y thick. Tba roofs 
crack without falling. 

In reoent years the use of re-enforoad aonereta has bean 
widely recommended, and It Is certain that to this form 
of construction the problems seem to be solved, rinse all 
parts of the butiding—wells, railings end tare-are 
tied together. Re-enforoed concrete has bran nmk 
used to re-building Ban Freneiseo. This mode of bon- 
rtruotkm Is still so new that we cannot pranounoe de¬ 
finitely in its favor, but it is highly probable that build¬ 
ing* thus constructed would merely fraoture or orumble 
more or leas without falling, and this would be a real 
advantage to their occupant*. 1 

Tbs openings to the walls ere point* of weakness Sod 
are often a cause at ruin. In Italy the regulations re¬ 
quire that there shall be placed vertically one above the 
other. This is ra unwise rule; a wall to whieh all the 
windows an to line vertically Is virtually divided up 
into several parts and lose* all power of resisting shocks. 
MUna, on the contrary, recommends that no two window* 
be to the same vertical line, regardless of the number at 
stories. The doors and window* should, moreover, be 
placed at aoma distance from the angles of building*. 

The shape of the openings is also of much Importance. 
After the earthquake of 1885 in Tokyo, a aanful examina¬ 
tion was made of the European bull dings to the Glua 
quarter, and It was found that in all oases the windows 
to which the arohee sprang sharply from their abutments 
had oraoks r unnin g from the angles, while to those In 
whieh the arohee ourved out gently from the abutment* 
there were no crack*, except In cases where the arches 
supported balconies. This example dearly 
that only round-arehed window* are admissible in a ma¬ 
sonry wall. Stone baloonies should be rigidly prohibited, 
as under shook they crack the walls or may fall upon the 
heads of people rushing from their house*. The am. 
remarks apply to ornamental stone oomtees end balus¬ 
trades, and to heavy ornament* on oetltog*. 

Stairway* should, as far aa possible, be independent 
of the walls, as ottorwise they play the same destructive 
rile as baloohtos. Chimneys have been the cause of 
many accidents. At Charleston, to the earthquake of 
1886, out of 14,000 chimneys, 13,200 feU. It ia a good 
rule not to let them extend above the roof; they oan be 
prolonged upward by means of a light sheetdron pipe 
supported by aomewhat slack guy-wire*. The body 
of the chimney should not be built into the wafl, whieh 
U would tend to oraek in an earthquake, but may be 
placed in eontaot with It. 

As to maaonry material*, there should be of the very 

best quality; and to tire super stru c ture pcefannde 

should be given to materials oombiniiig a 
wahtaaoe with a mtohanm of weight. In very many 
oases- where houses crumble at the Drat shook of an 
earthquake, the blame may be laid entirely on the in¬ 
terior quality of the material, or a defective Mrirenhlage 
of atona* and hriek; to riurt. upon the neglect of the snort 
elementary principles of eonstruodon. 

nodra amrecMB. 

However, to th* hours* of my tovastigatiore taTtur- 
enre after the earthquake qt 1009 I observed vasty 
rare* in width very arikHy ooustrooted boOdfj«sUS 

wav*,'the joMs wre* pulled out *f thrir eoetoa Stiff ibn 
Mfiton des c end ed th* rixwk, the w«Jk 

wU*. to virtu* of Mr ***** tender to rMa 
fee* bqnD&rfttm,' were obliged tofffv* ver.&tift, 
wedffattkri pernors of three beams. TMa effaetvrarta.: 
to the tat tlret, re * reto, joist* are tsawfr suypreted - 
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* to to* toto 4 to 4 «- 

«MF few#. A* Uteri Emms, fe» aa earthquake, 
«te vwiouo Matte taU on top of qm mkxUmt load* the 
«&. In ttte to p re ve nt Aa, the bona* itumld «*- 
tofl through to walk and projaet a loot or mop* on the 
cmtatt*, tortoac » nt of reriwHag or baiocmy, suoh u 
wwfcalnaharaodteovalhoiMom 
Awikfl dm prtadpko akoald gold* u» In tbe ooutrue- 
tkw 4 tha roof It la easy to aw that If the latter 1« 
v*y h**vy, wbac an earthquake occur* the whole roof, 
to virtue of la toartk, will behave like the steady ma m 
Ot a aobmograph, 1 *, h will not participate in the 
movement at the building beneath it The result is 
that aithar to* walla, to thrfr oaoUetias will dip away 
ttoto the beam* enpportinf the root permitting the latter 
to Ml and dairy tbs edifloe with it, or tha wafla will 
have a tendency to break halfway up, owm* to the fa«t 
that tori upper portions, which are faetened to the roof 

the roof ihould by all mean*, be made aa light aa poed- 
Ua, and It will be neoeaaary to abandon conventional 
bufldu* method* In order to efleot thi* 

The oaoeeuty of dome ao will appear from the follow¬ 
ing figure* Roofing of fiat Bmgimdy tale far a budding 
10 by 5 meter. (33 by 10 feet) would weigh 0 BOO pound* 
If wa me the lighter mechanical tile the weight will 
atlO be between 3,600 end 0,000 pounds These figures 
do not inalude the weight of the woodwork of the roof 
A slate roof, though lighter than tile would weigh 3 200 
pound*, not moluding the woodwork Evidently with 
any of these material* we place an enormous weight on 
top of our bunding, and it will not be surprising if seuimo 
vibration* oauso a rupture between walls and roof 
The remedy has been sought in smo or galvanised 
Iran, either of which weigh* about one-eight a* rouob 
aa fiat tile* The weight of such a roof of the above 
dimensions, would not exceed 1300 pound* but its use 
has ssnooa atruotaral disadvantages A metal roof u 
suhieot to deformations due to host and oold and the 
greatest precaution* must be taken to make it water¬ 
tight Moreover these roof* are very hot in summer 
and cold m winter, so that one or two false ceiling* muit 
be upad »aAae them and thi* meant added weight and 


eatrann* of temperature a better plan would be to 
adopt the lystem of barrack' construction popular 
in Italy Aoeordug to thi* plan a frame of wood or 
aetol U filled up with aa bgtat wall* m possible ion 
silting of hollow bnek* or other material of slight 
density 

Two important principles should never be forgotten 
In any form of earthquake eonstruetion ns avoid 
weight of material unless accompanied by a corres¬ 
ponding degree of solidity and seek to unite to lightness 
and strength a certain amount of daatieity 

(Further information on the subject of earthquake- 
proof construction will be found in the following work* 

J Milne and others t ouatruotion w Farthquaki 
l ountries Iran* Scumologwal B«m Japan volume 14 
J Milne Seismology London 1898 chapter viu-u 
Montesaus de Ball ore la wunologio modern 1 Pans 
1911 ahapter xx U 8 Geological Burvey The Han 
Francisco Earthquake and Fire and their kffeots on 
Structure* and Structural Material* Washington 1907 
Also numerous reports in the Publication* of the Farth- 
quake Investigation Committee in Foreign Language* 
Tokyo — Kmtob 1 

The Causes of Solar Heal* 

By A. Vsroanet 

Tnirx different hypotbeeee have been ndunced to 
ovplaln how the suu has for ages I wen cmltllng sub 
st&nttolly the am juantity ot beat vis by chemical 
reactiOD by iutra atomic, energy (such as is exhibited 
by radium) and by the attraction of gravitation Borne 
precise calculations baaed upon recent data soem to In 
dlcate that the last theory advanced bv TTelmhnllr is 
tha one that is most tenable 

The sun emits about B 10" calorli * |ier annum and its 
mass Is 210" grammes Evan It the maximum calorific 
capacity bo placed at ] Its temperature would fall by 
at lea*t 2 8 deg Cent (4 8 deg kabr ) each veer But 
the average temperature of the earth measured In de 
greoe absolute 1h directly proportionate to the tempera 
ture of the suu Lot us take 0 000 degrees and 291 
degrees absolute (20 deg Cent) as the average tern 
perature* fi» sun and earth It may be calculated that 


I sought for a long tome a roofing material that was 
free from all theae disadvantages In twice building 
my observatory I needed a covering for the dome and 
the roof that would combine lightness and solidity, and 
I found these condition* reehied in a material which 
although not new Is lea* well known than It deserve* 
to be HI* oaOed ' rubmoid and to a sort of woolen 
felt, impregnated with a simple waterproofing composi¬ 
tion It oames in long roll* and u equally nu table 
for flat and sloping roofs Most of the new wooden 
building* at Meauna emoted since the greet earthquake 
are covered with this material which is not affected by 


the earth* temperature on Ihi surface would fall to 
0 deg Cent <72 deg Fntar ) after the abort period of 
168 year* If this heat la not In some waj replenished 
Chemical Rraclton — Tho cumleUMnllon if vapors and 
the formation of chemical compounds can jeeur below 
only the critical nr disaoclallon temperature wbieh let 
ter la very near 8 000 degree* or 8 000 degrees for heavy 
metal* and refractory oxide* Now no known chemical 
reaction can develop 8000 cnlorUa i*r giamme (thi 
maximum of 4 700 degrees la obtained by the omnbn* 
tluo of lithium) The entire man of tha sun would 
then be able to supply through condensation or < imbua 
Hon at the most 5000 X 210" calories or xufflclmt heat 


A covering of ‘ rubennd' for * roof of the dimenmona 
mentioned above weighs just 209 pounds I e, about 
1/46 aa much as one of ordinary tile and 1/30 aa much 
as one of ynihaidoal toe When I add that, by build¬ 
ing the roof flat, we do away with toe heavy timbering 
nasdsd fa a sloped roof, it vnU be seen that toe use of 
this matorial to plainly indicated for earthquake oountnes 
The m of a horisontal roof not only ensures lightoem 
but also obviates one of tha oommon dangrei of earth¬ 
quakes, when many pmona are killed or injured by the 
fall of tiles and slates from sloping roof* Whatever 
covering matins! is adopted, to* joist* of the roof 
should extend from 1H to 3 feet beyond toe walls 


for 2 000 yeais 

Iutra Atomic of BecumpotUton —This I* much 
greater than tha energy of combination but tt« effects 
are also much *lower although It amounts to billion* 
of calories per gramme It to admitted Hint nil nuh 
stances are subject to slow decomposition liberating 
this Internal energy In the process bnt thi phenomenon 
la perceptible only In the t*»e if rad) > active substances 
and to most pronounced for radium It to known from 
toe la tori calculations (table Issued in 11 Radium Jan 
airy 1914) that 1 gramme of radium 11 be rates 182 
calorie* per hour let ua say 1 210* calories per annum 
In order to account for the radiation of tho sun It 
would be necessary to assume Its radium content to be 
42X0" grammes or 2 grammes per metric ton which 
la a higher percentage than that of the rU host known 
minerals. 

Bnt the activity of radium decreases with time and 


to meet a large and eowfiy Hdldin# o* a modsri dwelling 
la to* former aw* we must endeavor to secure great 
rigidity by to# wo of relatively heavy material The 
«-s TT *»*i*r' wffl b* tiiVsk ami deofr) the masonry very 
CftwMIy l*M. and to* into ritoorellMOtocd at toe «^*s 
If to* Mflar to vaaHci. the vaulting mu*t be full-watered 
and Wry thick 37wte should Only be two stones, and 
tha supportfag tha wcond must at toast run 
tiwottg fi Hm w boU th ickness at toe walk, to prevent 

r,wacd in rirrfnV* with what has ben said above 
wrew. cnd-roomLwched A 
*4, wtto jckta retodta* **T0*i «» «to «* 

wMNWhA In tote to to* upper story toe latt* 

SSR MtoMlTbStpw Mck. Stout fanid* 
and rigidity of to 

I® tot of tototottjtoto*fcto«w*«ij'j 
to iMffto, rn tre toold took to eofr- 
tiE-tffrr Vt A skeleton 


would be reduced by bolt after some J TOO rears (8 
Meyer Sltxb Wise in Wien March 1914) end this 
quantity of radium could not maintain host and life In 
too sun and earth for over 2 000 year* unless it could 
be renewed It to tree that uranium to transformed 
Into radium the constant ratio between the two sub 
stances being about three tons uranium for one giamme 
radium after toe oalcutotion* of Vtrutt, Eve Core and 
Boltwood (tot Oonritncy of this ratio to however 
called in question by some calculations of Mtos Ellen 
Gledltscb, Comotet Kendtt volume cxlvlll 1906 page 
1461) Aeoording to three figures the whole mass ot 
the run would have to be composed of uranium to order 
to keep toe uecawary quantity of radium constant dur 
tog a sufficient length of time 
Beside*, the alpha rays of radium may be projected 
from helium, at all wants radium to transformed per 
tially Into haUmn and 1 gramme of radium supplies 
yearly 108 cubic oUUmriere of bottom or 3 810-* 
grammes, together with 13 If* calories The production 
of 1 frame* et bsUom oocrespouda with a retrare of 
1AICT SL84«y«»4AK>" colorta*. If we are able to 


estimate to* quantity of radium In tha tolar atmosphere 
we cun tho* obtain the amount of haat which the 
radium contained in toe sun has bean supplying 

It has been possible to determine the pleasure on tha 
surface ot the son or at least above the helium aoui 
through toe displacement of the lines of the reversing 
layer Uutoson and Sabry (Oomplet Bendot March 
ISth 190U) estimated this pressure at 4 to 8 atm<w 
pheres Jewell Gnmphrejs and Mohler (AHronomiecl 
Journal volume ill page U9) place It at 2 to 7 at 
moapbens bverahed (hodiikanal Obaervatory No lb 
1910) calculate it to be as low as 013 atmosphere on 
an average. I cl n» concede a maximum pressure of 10 
Htmoipheres ginvltj in toe sun being twenty-eight times 
a* great a* It la on the earth Hie whole atmoaphire of 
the sun must have a mas* of about 10 38 »088 Hlo 
gramme per a loan centimeter (almost 8 pounds pi r 
square Inch) that to to say 240 610" -»-210" grammes 
Supposing it to (iriiatot entirely of helium It would 
correspond to toe liberation of 

J 10"4810" >8610" calories 
w hlch represents heat enough for only 170 yean. This 
U toe maximum supply of radium. 

Betide*, the percentage of helium in the solar atiaos 
pbere 1* rather low as It does not give any black lino 
In the spoil rum aud its absorption to not marked It 
la probable tbe above figure ought to he divided by 100 
or 200 It mum lie concluded therefore that latra 
atomic t lienor cannot have noticeably Intervened In the 
m&luUuatHe of solnr heat 

ffmoUaHim —It has been suggested that meteuritss 
dropping Into tbe sun or the fragments of a comet may 
be responsible for solar best But while the mam of 
nun wonld Increase the time of revolution would de¬ 
crease Taking Into account Kepler v third tow and tbe 
decrease In tbe amount of motion we easily obtain the 
forma la constant Ihe oldest observations abow 

that the vear Is decreasing bv OW second each ceulurv 
Ittrlbntlug tbl* variation solely to the increase of the 
mass of the hub and different toting toe foregoing fer 
inulH we find 1 6710" grammes a* the maximum an 
nual incieaa* The energy produced by a mass of 1 
gramme railing nu the rarfhee of the sun may be eaten 
toted aa equal lo 2 10" ergs and this lncreaae In mass 
pioduciH at the most 810" calorie* per annum or four 
hundred times lew than necessary for the maintenance 
of anlai heat 

Hi ore there la but ono hypothesis left—that of the 
Lena ration of heat by toe contraction of the sun Itself, 
ind this alone can and must account for all the boat 
the sun to radiating This contraction could account 
for an amonnt of energy nr work equal to twenty mil 
lion times the amount of energy tho nun to radiating 
every year at present llila moreover to a maximum 
end It lias been shown (I umpire Brndut February Utb 
and Alrd 1914) that, conalderlng the fact that the 
radius and temp* Future of the sun were both greater In 
the past It must be admitted that radiation and low of 
such heat requited a little leas than two million yean. 
The >ran in it* present condition and life npoo the 
eat to can he tmeed back about two million yearn Tho 
re nc Irndoii may therefore lie drawn that tbe tempera 
tare upon toe earth will not foil below rf3 deg Fa hr In 
ltae tiun two million years to come a period which will 
undoubtedly be prolonged by the foot that the earth to 
drawing nearer tbe sun 

It la true that geologists claim one hundred million 
yesra and mow to have been necessary for the forma 
tinn of the geological strata But they are measuring 
erosion on the baal* of the present censes acting with 
present Intensity Erosion la caused by tbe heat of the 
■un which produces cli oils and rain We have here a 
sort of beat engine and we know in such a caw that 
tbe more powerful this engine is toe gnwter tho renulla 
1 be contraction of tin suu allows ua to dispose of an 
amount of heat c iual at the maximum to twenty mil 
lion times that which it la radiating at present per 
year aud admitting that this hewt to spent over two 
million years Instead of twenty million wi moat mul 
tlply the power of erosion bv 10 (see Hermann Hyputh 
fees cosmogi nl |ucs moderns 1914 page 139) It can 
also be admltltd (hat tb< product wn* multiplied by 10 
making thus erosion w >rl> equal to that which would 
require two hundred mlllli ii years the present rate and 
calculations of both geology and celestial mechanic* will 
tons be made to agree. 

Electric Lighting on American Railways 

The statement wa* recently made that the number of 
can on American railways lighted by electricity had 
Inrrensed from about 11000 in 1B11 to nearly 190(g) 
In 1914 a growth of 72 per rent The greatest part 
of thi* increase uses tbe storage battery and axle gea 
orator avatem while the head-end Installations have 
Increased but one third this amount Of the storage 
batteries there are In use about 300000 led battery 
eilla and 32009 of the nickel Iron cells but this latte 
figure represent* *u increase of six times hi the tost 


two yoan 
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The <^aoo BaU Tree of Tropical America 

I'm cannon ball tree {Courtmpiia gstoaetute) U one 
f the moat curious trees in tropical America It la ao 
called becanae tbe trait reaemblea a caunoo ball A1 
though tbe tree la aometlmea referred to in botanical 
literature aa tbe bullet wood or nutmeg thane atom are 
almost nerer applied to it In the region a here the trei 
grows. The French have named It arbre i bombei b i» 
balls and boulet da caarn and the popular German 
■ a me* are kanow nballl aum and kaaontmkubelbamm 
The cannon ball Im mar be an Id to he large but it 
doea not vie In lu Iglit and dlamettr with tile majority 



removed U often need In trepfaal America for dcraastto 
purpoaea as a c ala bas h Tbe palp wbtob nrrarods tbe 
seeds pcaeerere an agreeable flavor, and when nearly ripe 
la often employed for making a refreshing drink In cage 
of favor This pulp contains sugar gam and matte, 
citric and tartaric adds Tbe over matured fruit poe- 
aeeees a very disagreeable odor which la remarkable for 
Its penetrating and luting properties, rbe seeds of 
which there are a great many in each fruit, are fiat, 
circular and rather larger than a dime They are la 
bedded Id the pulp from which they are easily eepa 
rated upon maturity Aa will be men In the acoom 
paaylng Illustrations the fruit Is borne In clusters on 
(he trunks and large lower branches, and not bear the 
tiida of the email branches or ultimale tnlga ■■ In other 


The cannon ball tree in flower 

of other tree* in tbe tropknl forests it seldom de¬ 
velop* a long trunk which la rarely three feet In diam 
eter fonr feet above the ground and only from ten to 
twenty feet to the first branches which nre usually 
spreading or partly ascending forming a broad lrreg 
ular or round depressed crown While the tree often 
attains a total height of sixty to ninety feet In tbe 
forest. In the open It seldom grows s tall but Its crown 
Is more spreading 

The tree Is confined largely ti the low midst land 
skirting the rivers but It never occurs In great nnm 
ben even where tbe conditions are most favorable for 
Its bent development One mar travel for mllai in the 
dense tropical Jungle without string a single tree of 
this species. It to believed tbit the northern limit of lie 
distribution Is in tbo Republic of Panama where It has 
been reported by only n few botanists Daring tbe re 
cent bkdogtcnl survey of the Canal Zone a madmen of 
this aperies was discovered growing Just south of the 
city of Panama and It appeared from the available 
data that Its range of growth extendi from this print 
to Panama southward and eastward to tbe month of 
the Am*son River It to found on the island of Trlul 
dad but It to m ire common to (he low moist soil of the 
ms Inland rapectoll} in the Galanas 

Several beautiful trees are growing In lb* public 
parks In P< rt of Hp»ln Trinidad end also In the 
botanical gulden In Oorgetown Rrtttoh Guiana and 
'cry few visitors to these rides who are interested In 
nature foil to nee these curious trees It to a rapid 
grower and quickly forma line features as a specimen 
plant In t tropical garden It suddenly drops Its leaves 
In March and In a few days la again clothed In folly 
developed foliage of the richest green Tbe flowers are 
large abundant very curious In form rink In color and 
highly scented 

Thaw to hardly another forest tree In the world that 
beers Its fruit similar to that of tbe cannon ban tree 
Tbe traU is a large woody globular pod about six or 
eight Inches in diameter rew tabling ■ canton boll Tbe 
oheU or Berksrp i, thin smotlh grayish brown or rusty 
colored, and bag a circular near near the ranter which 
marks the print where the calyx or outar floral envelop* 
became detached from the young unripe freH The 
Aril when opened at this sear and the palp and seeds 


The fa p lorion of Kerosene lamp** 

Bvxar little while we hear of the explosion of a kero¬ 
sene lamp attended by serious lnjuriee to persons who 
happen to be near In tbe public mind there to some¬ 
thing mystorioos about these lsmi explosions-some¬ 
thing that calls for explanation They are Usually at 
t riba ted to the poor grade of the oil or to some other 
cause unknown to the owner or user of the lamp or 
beyond his or her control Various persons either In 
good faith or other* toe have tried to make capital out 
if the widespread feeling of dlstiust that the public 
has toward kerosene lamp* Home years ago for ex 
ample there wgs a heavy demand for a certain bluish 
powder that was to be placed lq the reservoir of the 
lamp and which was guaranteed ti protect It against 
c xploslon Of course most of tbo lamps that were pro¬ 
tec ted by this pewder did not explode but that was 
only because few lamps explode anyway There Is no 
reason whatever to suppose that the propjtUon of ex 
plosions was any less among the lamps ‘protected In 
this way than among those that were not •protected 

There to nothing actually explosive about llto oU it 
srl/ whatever Its grade may be Fxploatons are due 
to the Ignition of mixtures of oil t spot and air and 
they are more likely to occur when racing a low grade 
oil than when using one of a higher grade because the 
low grade oil contain* a larger proportion of light 
volatile hydrocarbons and it therefore gives off vapor 
more freely But whether the oil be high grade or 
low grade It* vapor will not cxplods unless It to mixed 
with air In u suitable proportion and fired by direct 
contact with • spark or a flume 

The quantity of oil vapor generated In tbe reservoir 
of the lamp depends upon tbe tempera tore of tbe reaer 
voir as weD aa upon the nature of the oil—a high tom 
peraturo causing a marked Increase to the vaporisation 
It to therefore advisable to keep tbe temperature at 
the oU reservoir aa low as practicable To some extent 
this to n matter of design and It to almost Impossible 
to prevent the reaervoln of metal lamps burning large 
quantities of oil from becoming hew ted to a temperature 
high enough to produce marked vaportoattoo All lamps 
Should be kept aa oool as their i oiuctraetton will permit 
however Foe example they should not be allowed to 
stand on over or near hot stoves registers at radiators 
They should also be kept as nearly full as practicable 
so that the space occupied by the oil vapor may be 
small 

If the upper part at the iraervnlr of a lamp to occn 
pled by an Inflammable mixture of oU vapor and air 
It Is still not dangerous unless flame gets scores to ti 
In fact, wbea a lamp explodes the tremble to far more 
likely to be with the lamp itself or with the way It Is 
used than with the oU although prudence always indl 
catre that the oil should be of tbe best quality obtain 
able, with a high flash point, so that any rh.^ 
communication erf flams will be unlikely to lead to serl 

For flame to gain access to the Interior erf tbs rare 
vrir then mat be an opening of some kind through 
whlc* It can pare The opening may be doe to the 
omtostoo erf the plug or cap from the filling aperture or 
It may ba doe to a break to the reservoir or to other 
tansga More often however the explosion rev** pifot i 
becagse the wick flora not fit the lamp properly If the 
wick la too small so that a considerable spare to Mt oo 
one ride of It gas may escape In this way taking Are 
and Berrying the flame down Into the reservoir tf the 

opening Is Mg enough Ototo action may be garieted or 
precipitated by blowing down Into the top of the lamp 
to put ti out, or by the c h UUn g action of a draft of 
cold sir striking agalnt tbe outer rarfhee of the rarer 
vrir If there to a eonaldanbU vriume of mixed Mr 
and vapor to the reservoir In a highly heated 
a redden cold draft may cense tt to eontoact qntofely 
enoogh to draw the tore down Into the reeenfi, with 


about the condition at Qtotr lamp* wa draft* to re. 

sure ttrea that there Into da nmr of the ktod flreafltod 

*s»» ***** H orara, 


unless there M a plainly vtoftJ* opwsis* <rf ecraMacsb* 
rise down along ore edge <rf Mbs Wtek. Tbs wito ghridd 
ba loose enough to work freely, Cor if tt fits tot tightly 
ti will Dot turn up sod down readily, and If It Jaato to 
its tubs the ril wiu oot drew ap wan, and tha lamp 
wfii not bus property 

tt will be teen that there to a email rent pto*. reaaBy 
very moeta flattened extending upward through the 
burner la mob a way as to put the Interior at the n•*■ 
vote to free cosum unlcitioo with the spare Jmreadlataly 
adjacent to the flame Ills trim to provided to cedar 
to equalise the pressure inside the lamp with that of 
the surrounding ate of the rooa This Utile tabs should 
be kept free bnt care should be takan net to to a r eare 
the alae of it to any way It to a wall known fact that 
flame win not pare through vary small opaktop, and 
the maker of tha lamp knows Just bow large this vent 
pipe tan be made and what shape to give to ao that 
It will fulfill its purpose without permitting the gas- 
mixture to the reservoir to take fire from the flame of 
tbe lamp Aa the lamp leavre his factory the vent pipe 
Is of a safe sloe bat If It to enlarged to any consider 
able extent b] throating things Into It whan riennfa« 
tin tamp It may became a sourre of danger 

Finally the operation of filling ahooU never be oar 
i led out while tbe lamp 1* burning nor while It to staral 
lug oear any lighted lamp or gas Jet or near a stove 
with a fire in It. 

If the various points that we have mentioned recalve 
<« refill attention there need bo no fear of a lamp ax 
plosion except as tbe result of dropping the lamp or 
subjecting It to other rough and unreaaoaaMa usage 
fr r which tt was never destined 

New Three-pkaae Motor* 

Osx of the recent Ironclad three-phase motors of 
Hwire make embodies some original features, and to the 
result of careful study to order to produce e substantial 
motor for certain dosses of work What to desired here 
I* a nearly or all Inclosed motor of moderate rise with 
forced draught so ss to allow of Its ore to damp ptoore 
For very wet localities or those containing add fames, 
tbe motor is entirely Inclosed An ate flu at one end of 
tbe armature create* * suction through one tog from 
the flow beneath and the ate tnvarrea tbe motor and 
draoanda through the othar lag of tha motor An orig¬ 
inal idea lire In the working of the starting rostetanoa. 
This consists of a disk resist*noe coll on the motor 
shaft next the ate fu end from beta ran six copper 
reds clear through the armature to tha othar elds. A 
large copper ring slides on all six rods, which hare an 
equal length, oo that sliding the ring along tha rods by 
s hand wheel mechanism shorhdnmite tbe rode soeees- 
riidy In thi* way no slip rings or brushes are needed 
An outride hand wheel operate* the sliding of the ring 
which of con re* route* with tha arms tun, and tbe 
same mechanism serves to throw tha amto switch of tbe 
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The Gas from Blast Furnaces—I* 

Its Cleaning and Utilization 


Tm realisation at th* gnat beating value of the top 
(MW at tt» blow furnace WM very alow In taking use¬ 
ful Aapk for eenloriee, furnaoe* ran with their tope 
-wide open. discharging the gu Into the dr, with whieh 
it united in e (net oohuan of flame, visible to miles 
tj nVtt, arm in the ndtr tonaew of that early day. 

Sven after the Invention of the eteem engine, the 
pntefhflWaa of blowing ftmaoee by eteem power were 
not preetieely realised to eevenl deoedee and fur- 
naaea eentinned to be located primarily with reference 
to a euitable water power to blowing. In the came 
way after the invention of the hot-bUat in the third 
toads at the niaeteecth century the atovea were not 
at flret heated by gee tom the furnaoe, but were in- 
depeodattiy fired with ooal. 

, Later a email chamber filled with iron pipes wee 
built over the top of the furnace and the flame from 
the open top pawed up through tide, heating the blast 
whieh paawd through the pipe*. Still later fluee wen 
built into the brtok work near the top, but juit below 
the (took line and connected with a powerful chimney 
whom baae wee approximately level with the top of the 
famaee; tide chimney drew come of the gaa tom the 
foreaea, naturally much mixed with air drawn in tom 
ahovw, and the mixture burnt on It* pewage from the 
famaee top through the boiler* end etove* to the ohi in¬ 
to- 

The final (tap wee taken by closing the top of the 
furnaoe with a huge eonioal valve called the “bell" 
and toeing the gae by the prewnre tom below out 
through the flues into a pipe leading down to the ground 
level, whan the etove*, boiler* and * taolu were located. 
TUe pip* early received and still retains the name of 
the “downcomer." 

Then top gaaw in lake ore practice contain about 
50 p« eant of the total thermal value of the fuel charged. 
In district* where leaner ore* are ueed and more fud 
la ooneequently required per ton of Iron the gas 1* oor- 
rwpandingiy richer and contain* a proportionately 
huger percentage of the thermal value of the fuel. In 
lake are practice an average analysis ti about *a foflowi: 
carbon monoxide 3 BH per cent, hydrogen .1 per cent, 
oarbon dioxide 13M per cent, nitrogen BO per cent. 
The thermal value oomm entirely tom the two former 
eoenposuita. 

The hydro ge n come* partly tom the moisture In the 
blart whieh ie dissociated in the hearth, and partly 
tom the mobture of the charge which is decomposed 
in the uppw levels of the furnaoe. TUe gas under 
standard condition of S3 deg. Fahr. and 80 inehw of 
mmuxy eon tains tom 04 to 103 British thermal units 
pw eoUe foot and has a spedflo haat of about 0.08 per 
oubio foot io that it eontaina about 3 British thermal 
unite of waadble luat for each 100 deg. Fahr. above that 

This gM ie than somewhat more then half aa high 
in banting value per outdo foot aa ordinary producer 
gas. Thfa, with tha wormoua volume produced (come 
140,000 euhio hat pw ton of iron in good practice 
and more where the practise ie poorer), give* it enor- 
aoua eoBunwafal value, so great fat foot aa to equal a 
amridmhl* pweentage of that of tha pigdron itself. 

This gaa. having bean in intimate contact with the 
ehane in He eoure* up through the furnaoe, and having 
Carried off all the moisture of the charge not dlwocUted 
aawMHfly *™ftos mseh moisture and pick* up much 
fin* dust tom all the different component* of the oharge. 
It ai*» carries a fum# ocrasiating of solid* volatilised in 
thr hearth at the fnaaaa whieh eubUme into the solid 
date, but in the font of an hnpglpable powder, u the 
gMeook ft to progress toward the furnae* top. 

II il tide tana that gives the gu He characteristic 
.appMtana*. sc ttot an a ip i ftn oed fornaoaman can 
m mm uuteUy by looking at tha gas dtooharging 
toft ft* bate and Men rtaeka than by any other 
way g kto fu awee to woriting “hot” • 

tgreatfttetex* ft th* amount ead appearance of the 
tau thrown off. 

, -The pteMMMnt of ftto fume wffl be treated more 
at’lftlft It a-autoequai wtiebi for tin i(meant it is 
r 15 H nmritti mainly of bBo*, 

«-». «d 

'tod gridftefta fta ft t egg e o a teto mnoh maagtn***. 
tft* tomcat k^meut ft fta tan* to a great extent, 
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By J. E. Johnson, Jr. 

In the eariy days of alow driving th* velocity of the 
IM current through the furnaoe was small and the 
quantity of fine are in the charge was almost negligible 
in comparison with the quantity of ore used to-day, 
whloh rune from GO to 100 per cent Mesahl in the majority 
of American practice. 

Under those conditions a single, comparatively small 
outlet at one side of the furnaoe top was sufficient and 
the quantity of dust carried by the gas was extremely 
■mall, therefore a single pipe of moderate siae ru nning 
straight or almost straight down and branching directly 
oil to the stoves and boilers was all that was necessary 
to handle the gas. This constituted but a small, almost 
an Insigni fi cant fraction of the plant as a whole. Con¬ 
ditions at the present are vastly different tom this in 
three rwpoets: 

First, the velocity of the gas through the furnaoe 
w several times greater than it was in three early days 
and the carrying power of the fluid ourrent Increases 
at an enormously rapid rate with an increase in velocity. 
I have seen the statement that this increase was as 
the seventh power, whieh would m«m that doubling 
the velocity would increase the quantity of material 
carried 128 time*. Whether this be true or not it ie 
oertain that the rate of increase in carrying power ie 
extremely high. 

Seoond, the ore used instead of being practically all 
band-prepared lump consist* very largely of fines, muah 
of which is capable of passing through a 100-mesh sieve 

Third, we have come to realise the enormous cost of 
attempting to utilise gas in its dirty condition fur stove* 
and boilers, even leaving out or consideration gu engines, 
which require gu clearer than the air we breathe for 
their sueoessful operation. 

Thau three causes have had an enormous offer t on 
the fM-henrillng nystein of the furnaoe which hu in 
rerent yews become one of tho largest and most con¬ 
spicuous features of the whole hlatt furnaoe plant. 

TUB OUTLETS TBOM TH* TUBNACk TOP. 

From the time of the closed top nr soon thereafter, 
some furnaoemen claimed that the gu should be taken 
off eithw from the oenler of the furnace or at several 
points symmetrically arranged around the furnaoe top. 
Others claimed that the gu, having gone through the 
stock column, had done its work and that the location 
of the outlet wu a matter of no importance, and that 
one large outlet located on one side wu cheaper and 
simpler than any other arrangement and just u good. 

In connection with furnaoe tops, I shall show a de¬ 
sign of top arranged to take the gu out at tha center, 
which worked successfully for many yean and gave 
but little trouble. It wu, however, impossible to make 
the top quite so simple in this way u with the outlet 
on one side, and so tho great majority of furnaces 
built in the United States up to 20 yaars ago were oon- 
■truoted on the latter plan, although in discussing opera¬ 
tion I shall show what is to my mind an indisputable 
proof that a single side outlet produces an ureymmetri- 
cel passage of the gu through the furnace and cannot 
lead to the best work. 

As furnaces and their output* grew they prodoeed 
a vastly larger quantity of gu, so their designers pro¬ 
vided more gu outlets, two and even up to five or six 
Good practice now vary generally usee four, though 
in my judgment three property located are sufficient. 
doww-coxus**. 

This introduction of multiplo outlets introduced other 
difficulties into the design of the plant 

With a simple outlet the down-comer could drop al¬ 
most vertically to the ground dose to the base of the 
furnaoe, but with this growth of output, woemitating 
multiple outlet*, came the vut increase of dust which 
I have mentioned sad the necessity to providing some 
muns for its removal. As long u the gu traveled 
os a steep downward dope, the duct would aooompuy 
it, but tfuu th* duet reached the horteontal passage* 
leading to th* itovea and bottom and tom thus to the 
•task, it settled in them and obstructed them so rapidly 
u to constitute a serious obstacle to continuous and 
satfcfaetory operation. 

Mesne therefore had to be provided to th* removal 
of the dust at the foot of the down-oomer and for this 
purpose chambers, at first only a Uttle larger than the 
gw mab* ware introduced, but u c on diti on s grew wone 
and worse these were Increased in siae and required, 
therefore, to be placed further ton the furnaoe In order 
to give th* n c ea ua ry room to ope ra tio n . 

This threw th* toot of th* down-eeuiar away tout tha 
funtan at ite hues, who* tha oaeeuity of r eac hin g more 
than sue outlet threw in top bask, from th* closest 


point on the top of the furnaoe shall, to the oenter line 
of the shell when the two outlets wwo used, and finally 
to tho back or opposite side when (our or more were 
used. Thaw two factors flattened the elope of th* 
down-oomer tom almost vertical to a slope well below 
4fi degrees. 

In roma of the earlier Installation* thaw condition* 
were made a till wone because it wu considered nse- 
esaary to have the down-oomer enter the top of the 
dust-catcher in the oenter of the latter and this re¬ 
duced the vertical height, at the tame tune all the other 
factor* above mentioned Increased Its horizontal reach. 
I think that the elope of the duat-oateber on some 
of the plant* built about the time of the Duqueane 
revolution wu not more than 30 degree*. These w«re 
extremely unsatisfactory in operation because not only 
would dust lodge in them hut alio ooke and other ma¬ 
terial* tom the oharge; they did not free themselves 
under any otrou instance* and no matter how large they 
might be built, they filled up until tho velocity of the 
gaa through them was great enough to scour a passage¬ 
way through the accumulation on the bottom slope, 
this, of ooursc, involving high top premie and con¬ 
sequent leakage on every joint not tightly scaled. 


Down-comers are generally provided with explosion 
doors to two purposes- First, when furnaces are stopped 
it is almost impossible to prevent air being drawn into 
the gas main at somo point or other. This air mixes 
with the ga* and produce* an explosive mixture. When 
operation is resumed this mixture to Ignited at tho 
boiler or stove burners and an explosion follows which 
in some eases is violent enough to bunt the main, dual- 
catiher and down-oomer unless it is relieved by suitable 
safety-valve* or explosion dome. 

Heoond, the furnaoe itself ie liable to slip* or explo¬ 
sions in whieh a pressure of several pounds to the square 
mob, ordinarily only occurring at the lower levels uf 
the furnace, reaches the top and would do it great damage 
unless properly relieved. 

This latter theory has been combatted by Mr. Julian 
Kennedy, who has claimed that explosions wen more 
violent in proportion as they received freer vent; com¬ 
paring tho conditions whieh arise at sueh times to those 
occurring when the cork is removed tom a bottle of 
aharged water, if this be done suddenly a great propor¬ 
tion of the contents of the bottle is violently ejected, 
but if the oork u held back and the gas pressure al¬ 
lowed to pass off slowly, none of the oontenl* of the 
bottle are thrown out. In accordance with this theory 
the tendency in recent yean has been to provide many 
leas explosion-doom than were formerly thought to be 
neoeanry, and the result* have very largely oonfirmed 
the theory, though many furnaoemen are not willing 
to go u far a* advocated by Mr. Kennedy and do away 
with explosion doom entirely 

One design, made about the time of the Duqueane 
revolution, wee intended to be the beet possible re¬ 
gardless of expanse. Some five or six outlets wars pro¬ 
vided around the top of the furnaoe, and these war* 
all oonneotod with an annular main, tom one or two 
points on which the branches of the down-oomor led 
off. Explosion doom were arranged on the outside 
of this annular main, whieh, of course, was a few foet 
below the operating platform of the furnace top and 
In order to provide aeoess to It a supplementary plat¬ 
form was built a few feet below. 

This system has almost all of the disadvantages 
whieh eould be worked into one design. On the aide 
opposite to the down-oomer there was so little current 
of gas that tho annular main became sufficiently choked 
up to mako it virtually useless and one or two out¬ 
lets on the side next to the down-oomer carried off all 
the gas, practically aa though the annular main did 
not exist. On account of the large siae and distant 
location of the dust-catcher and the wide stretch of its 
branches to reach the opposite tides of the annular 
gaa main the slop* of the down-oomer wee exceedingly 
flat, and it is probable that after it was In operation 
a short time more than half its area waa choked up 
and sot ft active use. One of the wont feature* of 
the design waa the location of the explosion doom whieh, 
it will be seen, came just under the main opera ting 
platform. Owing to the choked condition of the down- 
oomer, the top pressure was Ugh and the explosion doom 
were generally leaking more or tern; if the gM caught 
fin it burnt underneath tha top platform ao as to damage 
tha steel work, and if it escaped unburst the gM oame 
up onto the top platform is suflloiaat quantity to make 
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it dangerous U> stay lUurw any uoruidentiilci length of 
time. 

It may not be amina to nay a word born m to the 
general design" of explosion doom. Thom aro always 
made blngod, but aro looatod iu two different ways; 
ftrat, so that tha plane of the »kior is huriinntal when 
closed; second, ho that it is steeply inclined or v*r- 
tical when closed. Tlie latter design Ih radically wrong 
and should never be used because the moment of the 
door duo to Us weight, is Utile or uolhing when it hangs 
vertical, consequently a slight pressure Is sufficient to 
force it from ita seat, hut os its moment rapidly Inc r eas e s 
A much greater pressure is required to foroo it to open 
wide as it should when it is needed at all. 



The horiaontal door works exactly the opposite way, 
exacting its maximum moment when it Is olosed so 
that It is very easy to keep tight under ordinary con¬ 
ditions. Bat when a considerable Increase of preasura 
ocean, forcing the door open to relieve It, the moment 
of the door d e ero eese as it opens, so that it operates 
more and more easily aa It opens wider. This seems 
at first sight to be an Insignificant detail, but as a matter 
of fact, I have seen great annoyances caused by vertical 
doors, so little gaa leaking from them oan be objection¬ 
able either by burning and damaging the struotura or 
by polluting the air, that the final remit is to have a 
rigid olamp put on the door which virtually destroys Its 
usefulness for Its primary purpose even though It may 
not completely eliminate the leakage. 

Fig. 1 shows a design of gaa outlets and down-comer 
which secures practically all the important advantages. 
The drawing shows die “E” furnace of the Bethlehem 
Steel Company. The outlets are four in number rising 
from the oonioal top of the furnace shell. The down- 
earner instead of connecting directly with the outlet 
openings on the ruraaee shed on the back or high side, 
connects with the outlet pipes at a point several test 
above the operating platform and thereby seouree suf¬ 
ficient height to give It a slope steep enough to free Haetf. 
The explosion doors are planed on the top of these high 
outlet pipes many feet above the operating platform 
and if they leak no harm is done. If the gas buna it 
cannot strike anything to destroy, and if It remains ua» 
burnt it pollutes the air far above the heads of thorn who 
may have oooaalon to be upon the operating platform. 

In the early days the dowo-oomerr were mads of 
quite thin pipe entirely unlinod, and those gava re¬ 
markably good service considering the relatively high 
.temperature of the gas they sometime* had to handle, 
temperaturos of 800 or dik 1,000 dag. Fahr., in regular 
operation, being not uncommon, while, of course, very 
much higher one* oeeumd during eUpe. 

In modern practice, however, the down-oomsr is al¬ 
ways built of very substantial steal plate sad lined with 
eirole bricks from 3 to 4M inches thick. This makes 
an almost Indsetruotibl* construction bat a very heavy 
one, so that due car* must b* taken to support this weight 
of the down-comer at both ends. 


Durt-eatohma were not eontidera d a nsnnmur: part 
of a plant until within the last 30 or 3fi yean. The fiat 
ones were crudely designed, simply with the idea of 
providing an enlargement In the gas main fat which 
the velocity of the gas would be reduced sad Its dust 
contorts dropped to the bottom by this reduction in 
velocity. Ordinarily very inadcqoate means won pro¬ 
vided to prevent the gw current from piokinf up again 
the dual it had once deposited, and tbs efficiency of the 
apparatus was in some esses so low that the quantity 
of dust recovered ww inappreciable, and after several 
yean trial the dust-oatoher ww thrown out and re- 
plaoed by a plain section of pipe. Eventually the Idea 
took shape of combining centrifugal force with the 
reduction in velocity to throw out tha duet 

The ikatoh, Fig. 2, illustrate* diag ramiriatiea l l y the 
construction which came to be standard for the first 
type. Fig. 3 shows an early type sometime* used to 
secure the eentrifugal effect. The tangential Inlet Into 
the dust-catcher body constitutes the principal diffsrsocc 
in the two types. 

The difficulty of preventing the dust from being pinked 
up by the gw current after being deposited, ww a 
serious one, and its solution ww sought by several 
furnaoemen and several designs wen brought out to 
overcome it by having the dost impinge upon the sur¬ 
face of water to which it would adhere and from which 
the gw could not pick It np again. 

One of the aarbest designs to embody this principle 
ww that of Mr. F. E. Bachman, then manager of tha 
Northern Iron Company, at Fort Henry, N. Y. Mr. 
Baohmsn built a dust-eatoher In general appearance not 
differing greatly from the ordinary type provided with 
a tangential inlet w shown in Fig. 3. The shell of this 
instead of being lined with firebrick, w in ordinary con¬ 
structions, ww sprayed inside with a great number 
of small jets of water which produoed a water film run¬ 
ning down over this whole interior surfaoe. Centrifugal 
force threw the gw against this surfaoe to which the 
dust adhered, and ww oartied to the bottom by tbs flow 
of the water film. The gw only being exposed to th* 
surfaoe of the water for a short time did not absorb 
enough water vapor to affect its thermal value materi¬ 
ally. This dust-catcher ww in opoation for a number 
of yean (w far as known to me it still is) and gave ex¬ 
cellent results. The stoves remained dean and service¬ 
able. although the furnace was charged exclusively 
with magnetic concentrates, which were quite fine. 

Another design to secure this result ww that of Mr. 
R. C. Bteeoe, whose dust-eatoher is shown by Fig. 4. 
The body of the dust-oatoher is horiaontal and filled with 
water to abont one-third of ita height. The gw enters 
at on* end so w to impinge on th* surfaoe of the water 
and ia reflected therefrom into a senri-cirmilar passage 
which brings it back to impinge upon the water a second 
time. A second semi-droular passage repeats the opera¬ 
tion once more and the gw Is finally discharged at the 
far end of the dust-oatoher. 

This design avoids the maintenance of the sprays re¬ 
quired by the Bachman apparatus, but, on the other 
hand, the surface of the water k not constantly and 
rapidly renewed w it is In th* Bachman design, and this 
Is a point of much importance because when the sur¬ 
face of the water become* fouled by a heavy layer of 
dust, other dust Impinging upon this Is not held but 
liable to be picked up sgtin and oarrisd on by the gw. 

Another dust-eatoher which uses the principle of 
having the gw impinge upon the surfaoe of water is the 
Invention of Mr. B. F. Mullen, of Lertonia, Ohio. This 
dust-eatoher hw had the widest appUano* of any appa¬ 
ratus of it* type. Th* design is shown in Fig. 4a. Th* 
external shape of th* apparatus is not unlike that of 
the standard dnst-oatohsr. The gw enters at the top 
and pease* into the central ch a mb e r shown. This cham¬ 
ber Is suspended from the dame of the dnet-catcher, Its 
shell it lined with firebrick and its bottom constitutes 
a tube plate supported by tbs suspension rods L. Through 
the tube plate prujeet a gnat number of short tubes 
through which the gw Is forced to pws at a e on eids ra bls 
velocity. The bottom cone of th* apparatus is filed 
with water to a level from 4 inches to 0 iaehs* bslow the 
bottom of the tubas. This level is maintained by OTsr- 
flow through the ports B around the oiraunfsrcooe of 
the dtat-oatahsr tody. 

Fresh water is introduced into the center through 
tbs pipe shown, and flows regularly outward to the opt' 
let ports if through which It discharges. TUsksepeth* 
surfaee of the water ooratantly fat motion and prevent* 
its bsooming too fool to bold tha dirt thnrra upon It. 

Aftw the gae 1 «t*s Ih* tubes and impinges upon the 
water surface It p**« tots the annular spew around 
the.esntnl chamber and so to timoalUt at ttotida. The 
top of th* outlet trough just beneath the port* B is 
sealed by a conical platet fat tottora of which a riveted 
to tha bottom of th* tn«& wWto *F b'rlveied W 
the stott of the dast ratstor proper. 

the light dot wttfa>*fa mtfa’nfaM cf th* 
water ie carried away by the'flow of the titMr* wMkfat 


STS! 

of ttoem*. A. la* tafea k modified so thfatfaOfa. > 
let trough tor tia wants water is twtt* the tutlAdafa' 
eetetor struetnre Instead of outride of It, tot fa* prin¬ 
ciple remains the sum*. 

This dwt-catehsr has given very good ratisfcetiOniti 
uae. The principal point to be guardad against to any 
fluctuation of the water level which wifi pwnlt'faesud; 
of the d ischa rge nmole to besom* wet, b eca u s e. if they \ 
do so the dost wifi rapidly build upon then and to time ' 
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Fig. I—Early form of typical dust catcher. 

they will beoome completely obstructed. A fact not 
generally raoognlsed la that flue dust hw a very oemeat- 
Hke quality and that when dampened It rats almost ss 
bard as a good oement. This fact hw proven the de¬ 
struction of the number of wet dust-catchers whose de¬ 
signers did not know how to provide against this dtffl 
eulty. 

Through the courtesy of the representative of the 
Mullen washer, I have obtained a copy of the results of 
a tost made on ooc of these washers by the superintendent 
of ana of the largest blast furnao* plants In the country, 
with a view to finding out if th# apparatus wen suitable 
tea the conditions at this plant. Tha remits of this 
test stowad that the gas leaving tha dnst-oatetor con¬ 
tained 3.38 grain* par cubic foot of duet and aft* 
leaving the gw wash* it contained OJA The repre¬ 
sentative, of the gag washer oUims that it is capable 
of doing considerably batter work than this, but even 
this redness to a third th* total amount of dust carried' 
into the stoves aad boflsrs, w titer* is a very eonsUerahle 
proportion of the total dust osrried thfmgh by th* 
etaek gases without being deposited; tide mdbtts th* 
proportion wbteh iodise in the stoves and betas, to 
their detriment, by a eoodderably gre ater psrs ratsge, 
and at th* original plant tarn tide washer w*g fa¬ 
stened at Ueteeria, Ohio, etp s H raw proved that ita 
eould ru* lb* stoves fee tb* wtole blast wifaeuttah£« 
them off the furnao* for eteeteag, whieh woddfalSn 
hnpoaribie without sofa* mew* fior rsfriteg fatd«* 
to the gw far below the percentage whtojtft' watofa 
on lahvieg the da te eate tor . V h. &S 

*tay Other type* of ftwta h tae hat* been 
aad triad oat, tot fa*** deemtbad gtv* tb* taedqfa 
lines of the arts* it exteted tofsra faetetoutafate gffifc 

often happen*^ tawMfa «f fa* 
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krbpifer ndMwt for moderately good 
the store*, and, il l have previously ex- 
'mm» •aaaomim wire effected by eUening the 
0U * step beyond Ok point for tne withrtoves. 
i; JbjWrt.oC tfk pronn wei wed for the next etop In oka- 
h*va faulted iwabbia* the gas with ntv and 
fak rodw ed another daBMDt fa tho situation. The 
tMfqi Ktvbbed pfck* up water vapor enough to saturate 
ttwlf at the temperature at which it leave* the eerubber 
afid tfck hw a somewhat complicated offset. T1 m gee 
a»tt MOM (ran the furnace at a temperature of 300 de- 
CM* (o f00 degree*, carries a very considerable quantity 


high a* It otherwit* would. Therefore, to remove Uie 
moisture k in iteelf a benefit. 

That) hai been a certain amount of misapprehension 
on thk subject. There have beeu In recent montlu, two 
paper* on the subjoct of gw cleaning, of which jointly 
the value probably exceed* anything publiched in Kng- 
land previou* to that time. Those are the papers of Mr. 
W. A. Forbes, “Tho Cleaning of the Blast Futnaoe aw," 
before the October, 1913, meeting of tho American In¬ 
stitute of Mining Kngiueere, and that of Mr. A. N. Diehl 
at the February, 1914, meeting of the came institute, 
entitled “Data Pertaining to the Gas Cleaning at the 


down to 70 therefore reduces the theoretical combus¬ 
tion temperature by about 160 degrees. The removal of 
the moisture tends to raise the theoretical combustion 
temperature but quantitatively the amount of lucreaso k 
smaller than the decrease due tn the loss of sensible host 
of the gw, about 100 degrees against 10Q degrees. 

When the gas oomee from a furnace which does not 
work a wet burden of ore or wet fuel, the conditions be¬ 
come very much worse for wet scrubbing, because In 
that ease there is bat little moisture In the gaa to be re¬ 
moved by a reduction of the temperature and therefore 
such reduction represents a net ion both of combustion 



Fig- A—Typical form of centrifugal dnat catcher. 


Dtiqttesns Blast Furnace*." 

From the former of three 1 shall presently quote ex¬ 
tensively and from the latter ako to a eondderable ex¬ 
tent, bat both of these. In my judgment, give an er¬ 
roneous ld«a as to the relative importance of removing 
moisture and of ooottng gas. Table 2 of Mr. Diehl's 
paper k reprodnoed hare as Table 1. 

It will be seen that he gives calculations showing the 
amount of heat obtainable per cublo foot of gw under 
three conditions. 

First—Wished and oooled to 7b deg. Fata, and satu¬ 
rated at that temperature with water vapor. 

Second—Washed and oooled 126 deg. Fata, and satu¬ 
rated at that temperature. 

Third—Unwashed at 400 deg. Fata, and containing 
35 grains of mokture per cubic foot; in other words, its 
natural condition as It oomre from the furnace. 

Three temperatures for the escaping products of com¬ 
bustion from the stack, 400 dag. Fata., 500 deg. Fata, 
and 000 deg. Fata., are taken for each of the three cases. 

Turning now to the third line from the bottom, “Total 
heat obtained per pound of dry gw consumed," it will 
be soon that the amounts in the three cases, all at 500 
degrees stack temperature, are 1,070.0 British thermal 
units for the first, 1,063.43 for the second and 1,160.49 
for the third. It k obvious that the most available 
heat Is to be obtained with hot gw In spito of high con¬ 
tent of mokture. 

Mr. Diehl gives a percentage figure for the three cases 
In the second line from the bottom of 83.23 per cent, 
78.4 per cent and 80.31 per oent. Baaed on there per¬ 
centages he states that the dry oold gw gives the highest 
percentage of available heat. 

Thk k obviously Incorrect, w the highest percentage 
must plainly coincide with the hugest absolute amount 
of heat obtained on any oorreot basis of figuring. Tho 
error has arisen by counting aa available the latent 


temperature and of thermal oiflelenoy due to lower oorn- 
bustbn temperature. 

In the discussion of the paper of Mr. Forbes above 
mentioned, it ww stated by Mr. 8. K. Vanias, of tho 



of water vapor picked up from the stock, wbioh, in a 
large proportion of modem practice, k heavily sprayed 
with water just before being oharged into the furnace. 
Thk water vapor k somewhat of a detriment to the gw 
since it sot* w ballast during combustion and prevents 
attainment of w high a temperature w would be reached 
with Aa same gw at the same temperature, dry. By 
■arnbUng the gw with water thk temperature k reduced 
and Its saturation point k so much lowered that water 
may actually be removed from It Instead of being im¬ 
parted by the eorubMng’operadon. 

It k obvious that we have here two conflicting effect*. 
The reduction of the temperature of the gas itself k 
bad because the senribl* heat k an appreciable per¬ 
centage of the total, and if thk k removed by any means 
before gw naqhee the burners such removal represents 
in absolute low. On the other hand, hot gw can carry 
an enormous amount of water vapor and thk moisture 
going through the system note as a damper on the com¬ 
bustion and prevents the temperature from rising w 


heat of vaporisation of the water vapor in the gw in 
all oases. But thk k in fact not available under any 
known conditions of boiler or stove operation sinoo it 
would require gaaea to be oooled far below 212 degrees 
to precipitate much of this moisture and recover its 
latent heat. 

It is obvious that if the burnt gw comes in at 400 
degree* and goes out of the stack at 400 degrees no low 
whatever hw ooourred, while if It goes out at 600 degrees 
or 000 degrees, the only loss la that In superheating thk 
small quantity of steam 35 grains, or 0.005 pounds of 
water vapor, with a specific heal of 0.43 through a range 
of 100 degree* or 200 degree*, making a loss pur cubic 
foot of gw of only a fraction of one thermal unit. 

In regard to the effect on the combustion tempera¬ 
ture, the remits are similar. The quantity of air re¬ 
quired for combustion is about equal In weight to tho 
gw Itself, therefore the reduction of the initial tem¬ 
perature of the gw by a given amount result* in a re- 
duotlon of the temperature combustion by about ono-half 
of that amount; to cool the gw from 400 deg. Fata. 


Pennsylvania Stool Company, that at their furnaces 
they had introduced gas washers for the stoves but that 
they had been forced to abandon them because of the 
increased moisture and deareaaod temperature of the 
gw whioh resulted in a dooidod lowering of the com¬ 
bustion temperature and corresponding reduction of 
the blast temperature that could be obtained from the 
stoves. On the other band, great benefit hw been de¬ 
rived from wet scrubbing, where wet ore is used. Thus 
it will be soon that each case must be handled on its 
merit*. Clean gw is always desirable, and undoubtedly 
much a leaner gw will be used in stoves and boilers than 
we have been accustomed to In tho past, but wet scrub¬ 
bing should only be adopted after the most careful 
analysis of the conditions to sec whether the net results 
will be beneficial or not, and If so, to what extent. 
There is but little use in supplying stove* with dean 
gw and then finding that we can get from them only 
lower blast temperature* than we could with dirty gw. 

(To 6* ecmeMei.) 
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Bjp iw l i or Atamj of Foot? 

On of ttw subjects often discussed to tha W jet 
new acttled la the question whether a (Bate w 
hypnotise a free or bird ao completely that It beoma 
helpless and allow* the anaka to aalaa and swallow It 
The unlucky little matures It la aaMrtad, generally 
becoDM rigid and tuaUa to more at the eight of the 
mstmj but in mu cam they advance toward the 
snake as If drawn by auroe mysterious power and even 
<tprlnf ritfit Into lta Jaw* Ones by Why of detenntn 


power the experiment was tried of pushing cautloualy iulry l 


Our author quotes further Breton's Aabawl Ufa.’ 
which simply girsa sD the warn i "-*■ 
been able to drew bom reUabie 
preeslng a poaltlrs oplnloa ana way or the 


The Uf foot Knows Wood 

Whxm ous aaea and handles for the dot tta 
nf the wood of the ambaih or ambatacha tree he la 



■ board between the reptile and the frog hopping to- la«l by a very low specific gravity 


ward It 


______ the telep ho ne. Whan, beware* , • 

soon leans that all woods which ara character asetalHo body la placed near ona of the oofis, RM addy 
currents induced la the metal react open the ecQ and 
disturb the balance, so that a sound la baud In tip tale- 
~ . as In tha anaa of 


the high elasticity Impermeability and rplintara of ahrtl or bullets, tha affect la much to 
liar to cork. With the single exception T 6 "* <ta ' rtc » «*» be uead to imams the p 


it the spell wis broken the frog been used only to a very limited extent In place of cork 
lied In joyous springs and the snake vanished Into Its because all of tha so-called oork woods known to man 
bole This seemed to be conclusive proof that the do not po 

hypnotic state bad boon produced durability peculiar ti.-----— , . f 

A so m ewh at different view of the matter Is brought of cork wood or balsa (Ookroata layopus) of tropical **“ ***** tha natars, of a metafile body, ahd 

forward In ths scientific note* of tbe German journal America which la usad for making Ufa preservers ** * n " / " r1m * h * ""■* 
a by Herr Poster of UappoltsweUer He la thaw soft, light and pith like woods rarely enter the 
~ mbtfnl of tha theory given above and asks markets Their uses ate for tbe moat part oonflnad 

tat such occurrences have never been ob- to carving and ornamental work In the a ____ 

g enaka In confinement. Or bow It hap tbe plants are native. Tbe adaptation of shot* or sola & ^ M tnda^ark work. Oar 


e of snakea at 


Mew.Agnomens orpero) a remarkably soft light wood 


unconatralsed nibble placidly and ran around as used In the manufacture of shots bats, Is perhaps one n^y trained to prepare and 


of tbe principal exceptions to the rule Tha sbola tree 
la found growing In India and Ceylon where It la used 
pxtenahely for making bate out of the spongy sub 
Our authors reasoning In maintaining bts views U stance developed on tbe sterna when growing in the 
water as they generally do These hats ara of remark 
able lightness and are well adapted to the ollnute as 
they ere poor conductors of heat The wood la em 
ployed also In many parts of India and occasionally In 
leaser extent in tbe United State* 
for fishing float* models and for an Infinite variety of 
[erdae ornamental purposes Latterly howeier sbola and 
break other similar soft woods bare been applied for the 


a suspicion of their 
Bata have been kndwn when drlien 
gnaw at the snake and even to eat tt up altogether 


exert a strong Influence upon another or 
him As a role this la nothing more tt 
that a strong mind exercises over a weeks 


* can ba rngland i 


of parents with their children of a judge in the i 
of hts office. A sharp look Is often sufficient t 
down the defiance of the wrongdoer Among human 
beings this exercise at Influence bolds good but how 
can the expressionless eye of a snake exert such a pow 
er over a frog en animal so low In tho scale of creation ’ 
An tamer can perhaps hold a Hon or tiger with 

In bauds by tbe power of hi* eye or rather by his 
daring damronor But let him try to exert this powei 
overt frog I 

Tho supposedly hypnotic cases continues Herr Pflster 
* probably be attributed to tbe fact that snl 


Atnbach upon which experiments have been made 
for this and other purposes Is a leguminous plsnt known 
to botanist* ss BermMerm efepAoeglo* i native to tbe 
Nile and lake Chad refloat It is tilled ambatb or 
i the region where It grows and the wood 



r the n 


or arabnch and tripol the latter name la probably de 
died from tbe name erf tbe tonn or region from which 
the wood Is principally shipped Tbe BngUih speaking 
mala ate rigid with fright when they perceive an enemy [xople along the Nile coll It pith tree because tbe wood 
Just as man are when faring great danger Moreover resemble* the pith of elder or of other trees having a 
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other animals has the habit of rary light pithy renter The tree grows to a good rise CUrlss All se kn t Preridmt 
e of necessity until the danger forming tolerably thick trunks end Is of very rapid ** 1 " 


■imgiiHng death In c 
Is past As snakes only attack living animals. In this 
way the frog Is frequently able 
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frog should really hop toward a snake the probable tree *| riug* up from the name underground pert* The fistsred st Poet OMcesf Nsw Tetfe,M I, 
explanation of this Is that It does not suspect that growth if these plants Is so rapid and occurs in such s- * 
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the reptile lying motionless could be dangerous i 
Our author explains the behavior of little birds at 
tba sight of a snake In the same manner No occult 
power drives a bird toward tbe enemy but lta anxiety 
for 1U young Whether the enemy be i 


gnat abundance that it frequently chokes up the chan 
nel* of ths numerous tributaries of the upper Nile 
llu wood la remarkable for lta very soft texture and 
It* appearance nf a mass of pith It Is exceedingly 
light In weight brittle shd Is nearly white when It is 


i or any other predatory animal mother love cut but tor ns slightly darker upon exposure to light 
ledda the bird to forget Its own danger entirely Scream and air 

Ing with alarm It flits back and forth strikes boldly at Amhach la the lightest wood In existence A sample 
tha enemy seeking In every way to drive the Intruder of balsa from Irlnldad exhibited at Philadelphia in 
off and often folia a sacrifice to Us daring There Is 1870 had a spedfic gravity of 0120 or shoot seven and 


o question of hypnosis in such a cose 
Herr Pflster thinks we should be very 
accepting stories as to what people have 
Imagination tbe nnnaualnma of the phenomenon 


e half pounds per cubic foot The specific gravity 
of common cork (the bark of Quart ms tuber) Is given 
It Quart a* 0800 There are no figures extant on 
tbe spedfic gravity of amhach but on an average It Is 
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The purpose of the Supplement u to publish 
the more important an no un cement! of diatin 
prise and alarm ofteu confuse the perceptions Prof mud) lighter than either balsa wood or cork Owing 0***ked technologists, to digest significant Srti 
to its extreme lightness tbe natives use it to assist th* ~ * J 

in swimming across tbe riven It has also been u» 
by tbe natives In Africa for making hats and floats si 


Dofieln In hta work n>e Animal oi a Part of Uni 
venal Nature says It boa often tx 
birds upon the approach at a snake r> 
as If under a spell Ibis was held to be a kind of 
hypnotic Influence which tt was asserted aroee from 
the glistening of tbe snake x eye from the sheen of Its 
skin and from the uniform swaying hack and forth of too h 
Its head According to others it was the sight of the 
snake whkb made birds stilt with fright Inveotiga 
tlons nude at tbe Zoological Darden in London how 
ever led to an entirely different result 
animal with oxceirtloti of tbe ape looks 
ns something to be feared and exhibits signs of terror 
at the sight at It Many animals show rather some¬ 
thing like curiosity and look at a striking abject with ahlah 
great attention but without moving whether the ob 


ale* that appear in Suropeen publications, and 
altogether to refloat the most advanced thought 
tn science and mdustry throughout the world 


i a substitute for cork It has been found to spilt 


Ject Is 

foie tls intake throws Itself quickly at tbs right rao- 
uunt < n Its prey the vtetJm u caught and thta without 


becuuaa tt tends 
to wear away tbe metal where It note on Urn wood 
ntains num erous minute crystals 
Tbsse crystals have also a gnat dstl 
with ths dulling of tools uead In outtteg the 


1 aa raaor strops for which it has bam am- . _ . _ . 

rnfuUy for a good many years. The woody Tb* OP* 1 * B * n **•* •* 


cached bv Dr Kart Floor- tissue of tbs flowering stems of the Americas aloe 
^BstraUtis of Qermany (Agars s(series*®) la ofteu out and shaped by 

n the country Where the aloe giwws Into tbe 



snakes eve whereby the victim is sold to be held In form of strops and Uuore la no doubt of its 


tba * ** «■ 1 
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Making Safe Steel Rails 

A New Process Intended to Meet Modem Railroad Requirements 


Axanthonty on railroad matter* baa stated that 00 
pec oent of the rail failures ean be divided into two general 
elaaaea flnt eruabed and split head*, and seoond broken 
base* The former an caused by exoreelve segregation 
producing hnttisness tn the interior of the section and 
the latter can uenally be (need to a eeam in the bottom 
of the base Fifty per cent of the rail problem ocroalata 
in getting sound metal of even composition and 40 per 
oent oonaiata in to rolling the steel aa to avoid seams In 
Um1mn h 

These condition* have of course made tbemsdvee 



FIs 1 .—Fan of an Inset big 1 —After beating, ad 
before heating Bering stale removed 

fell only since tho weights that the rails havi to sustain 
have muroaaod to their present proportions and it is 
evident that the art of mil making lias not kept up with 
the prog r ess in railroad development in oth«w directions 
for the foots show that mutely Increasing the weight id 
the rail does not enable it to meet the increasing demands 
that are hamg made on It If proof of this were nw essary 
It oould be furnished by the record of one road which 
had 3700 rail failures during the three winttr months 
of 10U 13 and the fact that rail failures are rapidly in- 
nrsesing In this country The conditions and the reasons 
have been recognised and attention has been called to 
the fact that obamieal analysis id a test ingot does not 
furnish aaturanoe of the oonditoon of the finished rail 
and that the ipomfloations governing the aooeptanne of 
rails are entneiy inadequate 
Why this state of affairs should exist Is difficult to say 
even while recognizing the diflli ultlcs that confront the 
rail maker but it is gratifying to see that at least one 
eonoern Is taking active steps in seeking a remedy as 
described m the following paper read by Mr Robert W 


Bunt before the American Bemety of Mech a n i c a l *n- 
gi oeere which is here r epr oduc ed from the In* A#*, 
but It may be noted thatoae of thoee who dieeoaeod this 
paper made the very direct luggeetioc that the remedy 
oured something that ought not to oust 

In cr ea se d weight of roffing stock and epeed of baffle 
have peo o —ta t ed iunmehg the axe of the nil sections, 
and hence tiusr weight, and as many of the detail* of 
rad manufacture have been changed with «ueh stare- 
tiona, it is not surprising that new end unexpected phys¬ 
ical -rretresses developed in the heavier rads One of 
the most notable wae failure through orescent-shaped 
pieces breaking out of the rail flanges followed by at 
least one, and tn puny cases several ruptures serose the 
whole section of the ml Investigation showed that In 
practically every instance of such (allure there was a 
more or leas pronounaed seam running longitudinally ra 
the bottom of the red near its center end thus lmmedi 
ately under its web This seam occurs at the top of 
the curve of the crescent-shaped break end it ta un¬ 
doubtedly the point at which the fracture start! 

It is true that rails with aotusi flaws in their flanges 
have been rejected as first quality ones and that a very 
pronounced seamy condition of the bottom of the rail 
would also cause its rejection Such rejections were the 
cause of frequent disputes between the mill operatives 
and the inspectors the point being as to how far the in- 
n poo ton were warranted in carrying thetr condemnation 
but as already said it was not fdt that a angle eeam 
unless very pronowood would be dangerous 

Tho eresoent-shaped breaks were uf such frequent 
occurrence that they indicated a very serious condition 
and led rail maken to experiment with the design of 
their Tolling passes with a view to obkuttng the forma¬ 
tion of the bottom seams It was found that fewer 
seama were produeed by suoh changes but they ware 
not entirely eliminated While more or Ires snoeearful 
m preventing tho formation of seams through lapping 
on the bottom of the rails tho formation of seem# in 
other parts of the see bon was not particularly affected 
T H Mathias assistant general superintendent of 
the Laekawanna Steel Company determined that the 
moat oertaw way of getting nd uf seams was to remove 
that portion of the metal which contained them and aa 
applied to steel rails thus to eliminate them from both 
the base and head of the rail This was a reasonable 
assumption hut its execution I think would have 
seemed very unpractical to most metallurgical engineers 
Mr Mathias reasoned that tho primary causes of seams 
oxisted previous to any rollmgwf the steel in faet ware 
incident to the casting of the molten metal Into ingots 
Ho know that duk-hke apertures were formed on the 
sides of ingots while the molten metal was being oast 
and were probably caused from sir bang entrapped 
against the aides of the ingot molds by the hot steel as 
it rose in the molds a condition which was not controlled 
m regular manufacturing routine Thu condition is 
illustrated by Figs 1 and 3 which are photographs of 
the same !bl« of an ingot Fig 1 showing the nde as it 
would appear before heating while Fig 3 shows it after 
heating with the adhering seals removed Fig 3 repre¬ 
sents the actual nae of a sec bon of a faoe of web aa Ingot, 
and gives an illustration of how serious such apertures 


may be It w£ be appreciated that, aft ttffifcpt tf 
the ingot it rednoed tad elongated In tba itjOm Mta| 
so,ofooareo, win the spertcrc* be stretch e d M hfl ltiwh t all y 
•mi th&t bt formftd to te Mois 
Mr MatUas demonstrated that there is snathes *op» 
condition present m to* roffin* of targe steel ingot*, 
in the formation of a deeertnpfsed rertee* <m aft 4 their 
four faces about 5/16 inches deep, gad reatidpNg fife© 
8 to 10 points lorwsr carbon. than the metal I nnu a fata lj 
under it, the deearburited envelope gadonMtdtr Mfef 
predwMd through the oxidbdngooodWotistowWshte*^ 
an subjected in the soaking pots where they an W ted 
preparatory to rollitig A thick oxid* soak k star* 
formed an the surfs** of ingots in the pita, so that rem* 
ditions are invariably prseent for Jbe produekow of sack 




Fig 8—The uilltsg tool 

a layer of lower carbon metal on their outside faces. 
Fig 4 illustrates the presence of thu lower carbon 
envelope or sMn It shows a polished and rtehod erase- 
section of a port of an ingot which has been heated to a 
rolling temperature m the soaking pita but not railed, 
from which it will he realised that ingots of large seotion 
have both diskdike apertures on thaw four faces and a 
d sear burned envelope in which they are contained. 

Mr Mathias was convinced that during the process 
of rolling ingots into nils it was practical to remove 
mechanically the parte of the enveloping steel which 
would form the top of the head and bottom of the flange 
of the rail and experimented accordingly He designed 
and his oompany Installed as an addition to their rail 
train, a milting or a hot sawing machine, ae I believe 
Mr Mathias designates it to out off hot metal without 
retarding the regular operation or thus interfering with 
the production of the null Thu is {Unstinted by FtgA 
which is a pBotograph of the maohue tn operation. The 
machine is located ra aoheion in relation to the rest of 
the rail train. 

The ingot u rednoed in the blooming rolls to an 8 by 8 
lneii cross seo ti on and after cropping the ends the bloom 
u further reduced In the roughing or shaping stand of 
roil* by five passes When it leavw them rolk, It It 
approximately 76 per oent finished and at this period 
it !e turned to the right and entered betwem two pinoh 
rolls with its has* or flange nde up A bar which wtt 
make tore 9M**t nil* la nt tfato pofat in the rofe« 
operation about 60 faet in length, therefore, the are* of 
metal to be ent off or ignored W the mffihg wuohfau 
ti approximately H inch dacp, 7 Inafcwa wid* and fl0 feet 
lonff It la drives* threngh the pinch rolla at a rate ol 
60 tot u 60 rereads Tbs ptaoh roils hare a dmttaht 
of about H inch and thre M*, the bar betwren tha 
two miffing saws, which are to haaacedk the boodi« 
that they may be aired or levered at duo* Trots 

jssftsvrcKSsassaS 

patakng from twtwgre tita rofia, le ' 

*■*•* There ptotT^etoreU-tta Wroretiu tots, 
pqh tt tom between tfe* apd aim Wk he femtfui* 
pertot Ha* to the n pns ti .o, 
paratnt h driven itli t W; aM ' 










7 show* (ha rendition of the aeoumtriated Material which 
ia in regular open hearth furnace charging bona 
T% H don one of tha rafihag tool. It ia 5 feet 
in diameter with an g-neh width of face and revolve* 
at a peripheral speed of 2 600 feet per minute thus 
oaueing an engagement of about 400000 teeth per 
minute dn the hot rail bar The teeth are of 0 SO carbon 
steel and it has been demonstrated that they will mill 
at least 90 000 tone of material without requiring drew 
ing The one shown bad mflled about 15 000 ton* 
Ha B present# tbs shapg 6f the bar after It leave* 
the milling machine preparatory to further reduction 
In tha regular rail roll* It will be noticed that the 
mining on the flange hae not reached the extreme edges 
of the her and on the head aide has not affected the 
comers, and it will be recalled that Tig 8 showed the 
milling tool with a straight face It 1* apparent that 
■ther by a modification of tha shape of the piece as 
presented for treatment In the milling machine or what 
will probably be more practical changing the face of 



Tig • —The bar after It leave* milling machine 

tha tool tha milling can lie oxti mind to the oxtremi < dge 
of the flange portion of the bar and somewhat around 
tha corner* of the top or head aide Thu will undoubt¬ 
edly be perfectly practical and lliirehy eliminate the 
■earn* which may be located w tl i« parte of the l ar 
Such elimination u not accompli*hi 1 at invent and 
perhaps it may not he necessary The primary ol jw t 
was to eliminate the seam* from the (intral portion of 
the bottom of the rail which had been the starting point 
of the rooOTuhaped failure* and tt remove them frum 
the top or bearing surface of thi head of the rail Pi r 
aonally 1 think it will be disirabli to extend the nulling 
by the use of oonnave-fioed tools 

The work of rolling which thi stiel n rives after 
the nmoval of the more or loaa laminated metal must 
produce a better product than if such elimination had 
not tekon plai e and in the oaae of steel rails it should 
not only make them less liable to breakage on mount 
of reams In their flanges but also enable them better to 
roast the abrasive effoots ol traffic 

During the many years of my lonnw turn with rail 
making I have examined a great many i to hod specimens 
of rads sot only directly in connection with the process 
under consideration but for varum* other reason* Troro 
such experience I can fully appreciate what Mr Mathias 
has accomplished The surfaces of practically all rails 
when etahed will show tome seams on both base and 
head and very frequently tho extent of such defeats 
will not be appreciable if the scale has not been removed 
Even then it is not always an easy or certain matter to 
estimate the depth of the saami When the rails have 
been subjected to tha Mathias nulling operation and still 
show pronounced seams it has been found that breaking 
testa will practically alwav* develop the fact that the 
suspicious marking is an actual seam 
To Illustrate the appearance of many ordinary steel 


rails of < immim wlun ebbed Tigs 10 and 11 show the 
surfaces of both hinds and flanges These specimens 
were taken from rails made by several different makers, 
including the 1m* kawanna Hteel Company There illus¬ 
trations not only clearly sh rw the Add for such an opera¬ 
tion as I have described but also the extent to which 
Mr Mathias baa been able to accomplish it 
While I have confined myself to the matter of steel 
rails it is patent that thi pn cess will be of great value 
in the preparation of Mourns f r axle* and all other kinds 
of forgings As is will known it is practically the uni¬ 
versal < ustora to endeavor to remove the reams developed 
in rotting axle billets by i hipping them out through the 
use of pniumatio hammers and for some of the higher 
character* of forgings notably for automobile parte, 
the endeavor to eliminate the reams is earned to die 
extent of turning off the whole surface of the billets. 
I am confident that by the Mathias plan the great** 
part if not all of suoh work can be superseded 
























Waste in Hiring and Discharging Bmpfeygfe^ 

A Discussion of an Important Industrial Probfen* 


It kai pleased your Pn aidant to etyl* as u address 
what I wmH to pmutit to you in mi informal way m 
refrevnoe to kn mvonUgstion into thi wonomH" waste 
ut unnwoMunJy discharging employew I have not 
hi retofon apokon publu ly on tbi suhjert and have un 
aunrewrfuUv tried to dodge it at thu Unw mainly for the 
niMitt that m order to give proptr background to the 
nlalx mints which I disirr to malu I ought to present 
< urrobontmg figures and facta hut oatraot do ao with 
out divulging information givon to me confidentially 
>■> a number of manufacturing concern* throughout 
tin country I mhall be obliged then fore to uae ai 
illustrative flgUK * aggngati statlatin of several eontoma 
ratior than un rtto example* of individual employ 
men Is 

I vtrv mi wlu> is an < xicutive knows bow dishi arton 
him it ih m industrial lib to be obliged o< <«motially to 
luuniHS implovMH tu oltdienu to business conditions 
and not at all on aoi wnt of any fault of auih employees 
Disregarding the personal end human aapert of the 
pn Mini and 1 Hiking at tt s lely from the oold business 
standpoint it is at oiha Hear that every unnioeaeary 
listnissal if an unploy o mean* a deflnlu economic 
loss u thu employer If through the adoption of dif 
ft rent mi fluids than are now in vogue this eoonomu 
want* an he prevented nther in whole or in part it 
hts < men a duty of the employer to himself and to hts 
tmpliyetx l > ro-arrangi his methods of employment 
in at ordaiue with unproved standards Many cm 
pluyers havi renogmxod the truth of this statement and 
have found it profitable to maintain ipenaUaed employ 
muil department* In charge of competent managers 
They know from exp* nonce that it does not pay to hire 
anl discharge haphazardly they realise that it tosts 
money to train an < mplover even a skilled workman m 
the eepw lal prarti tw that are peculiar to a given con 
own and that thi dismissal of an employee except for 
good reasons means that the expenditure for his training 
lias gone for naught and that an additional expense 
must be inrurred in the training of a new employee 

Appree eating the situation I have given some time 
and thought to thu *ul ject and will present to-day an 
outline of my findings I hope at the sarm tune to 
make employers recognise more fully than they have in 
tin past tht imperial* e of thu phase of economic man¬ 
agement 

A great deal has been said m the last few years and 
properly so about reducing the cost of prodm non 
through so-tatted w*ntiflo management which en 
deavore to eliminate evtrv unnecessary motion and 
every unnecessary expenditure Hand in hand with 
if not < vt n preceding thu effort should go a well-directed 
tndeavor for a rlustr analvsu of the man whom we 
take into our tmplt v of tho systems under which we 
train them in our work and of Ih reasons (or and thi 
mtthods undtr whi h we lot them go only to have their 
places filled again 1 y nt w recruit* 

Mv observations were concerned with large medium 
site and small manufacturing oonoerna throughout the 
United States all t f which form a part of ths mechanical 
industries During the suimne* of IBIS while in 
I ur pc I made similar investigations in fsc tones m 
\uslna U mianv h ranee and hngUnd Information 
and staliMi s from these European factonaa would in 
Hi ate that the (iriblom under discussion u not only 
a national but an international one it u ao muoh the 
morn surprising therefore to find that it has received 
so little scrum* attention by sagacious business men on 
thi* and the other side of the ocean 

The investigation endeavored flret to (new the curve 
f engagements and dutchargos m the various concerns 
during the period of one year and then to secure and 
study thu tv aeons for the discharges in order to find 
if p Mnbl prattle at remedum for the resulting situation 
\ll ilata were obtained for tho year 101J which may be 
tmsHlt red to have been an industrially normal year 

The investigation covered the employment and dis- 
hsrge of all classes of employees at tbs various factories 
except those belonging to the commercial and engineer- 
ing organisation and to tho general executive staff A 
ree ord of the se who bad entered the service of the eon- 
eras for the first time and of thoae who had been work¬ 
ing in the same place at a previous period was also ob¬ 
tain! 1 for it was assumed that re-employment would 
usually cams a smaller expense than the employment 
of tntirflv new people unfamiliar with the conditions 
pre vailing at a given fat torv 


By Magnui W. Alexander 

for the group af factorise for which I shall promt 
figures in the aggregate it was found that of aO people 
engaged during tba year 1012 about 73 per cent wen 
entirely new employees and oorreepemefiagly about 27 
per cent ware re-engaged employ*** As a gene ra l 
proposition thu percentage will apply fatrty weB to 
anv normal employmant in ths mestamteal tadaxtnas 
The group of factonaa tost aOuded to, oorertog ths 
t tnplonrnmt of male and female persons and a gnat 
variety of mechuuoal manufacture requiniig labor rang¬ 
ing all the way from the highest sidled to entirely un¬ 
skilled workmen gave employment to 88 606 employees 
at the beginning and 40 708 employees at tha and of 
the year 1B12 The vaersesr is ths working /ores as be¬ 
tween January tel and December Slot, emountod therefore 
to 8 iSS poopi* Yet ths records shew that d*nn« ths sows 
pono I U m poopU atm mgegsd indtoohng that 80 8V 
ptople had droppod out of tho employment during ths year 
for wh aitoeeer reason In other wards about thus* 
as many people had to be engaged during tba year as 
constituted the permanent increase of the force at the 
end of that period 

Several reason* might bo given in explanation of thu 
condition It might be stated that the labor market 
In a given locality was in part responsible for ths situa¬ 
tion it ought be claimed that In a particular plant a 
temporary piece of work had to be don*, such aa tbs 
digging of a foundation or the budding of a structure 
for which labor in etcaai of ths normal quota was 
needed temporarily to be dispensed with again when 
the special work was finished Unusoal conditions of 
employment may be pointed out aa tha result of a highly 
fluctuating productive situation brought about in torn 
by a largely varying oomnuroial demand on tha factory 
during tha four seasons of the year Finally sight must 
not be lost of the fact that same people die others drop 
out on account of prolonged ncknres and stall others 
leave the employment for reasons that could not have 
been obviated by the management 

Tho important /net, however Mandt out that 44 868 
people had to be engaged during (he year to retain loot than 
SO per cent of that number 

Theoretically only as many people ought to have 
been hired as wt re needed permanently to increase the 
form A* business men we know however that theo¬ 
retical conditions do not surround our commercial en¬ 
terprises and that we must make oertain allowances 
in ordir ua view the problem in its practical aspect 
Accordingly we must admit that 
(o) Men die and must be replaced 
(6) Mon have on account of stokness for sufficiently 
long periods that their places must be filled by others 

(c) Men oven though thev have been selected for 
their positions with good judgment leave of their own 
accord because they do not find it possible to remain 
in thiir now position* whether on account of ehmatlo 
conditions domestic affair* or other reasons necessitating 
their removal from the locality 

(d) Finally it must be recognised that no employ¬ 
ment department can ran on a 100 per cant efficiency 
bans 

Taking these it* in* into aooount it must be eletr that 
more than X people will havi to be hired during a year 
hi order to increaao tha working force by X persons. 
In an attempt to assign values to the four ooums Just 
enumerated I have aasumed that annually 
i per cent of all employees die, 

% per cent leave on account of prolonged sickness, 

10 per oeat withdraw for reasons that could wit have 
bett foreseen at ths time of thaw sngagsms n t, end 
78 per sect constitute a readily attainable efficiency 
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hi most factories * Mr* to CM W* tajfc* 

period* that 
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from the service 

As to the cumber of people who withdre* ri&tet the 
year for whatsoever other reasow, exnept that pf dz 

dftftih no mporimno nmi 1# 

fast the only information that I could tad w that **- 
tallied m the United States Oivfl Bsrvtse ropery accord 
mg to which 8 per «*t of afl govrenment employ**** 
separated from the ssrvtoe annually for any frodon, 
mohuHng that of sktoas* anil dieeharge R*sW»g, 
however, that governsuatal rmploymeoS eoodUtotwar* 
dUfsrent from those in industrial esta hH a hm rats, t hero 
doubled the government stofanate by aBoWihg 10 pro 
oent for withdrawal by d ea th , sis knee s sod Mrig&atfon, 
or 10 per cent tor withdrawal by unavoidable resigna¬ 
tion* alone 

Finally, I believe that a 76 per cent cOrisftor of M 
employment department and even a greatsr effieishey 
should readily be attalnabla in a highly specialised, de¬ 
partment m charge of one or a few parsons. 

It follows therefore that while theoret i cally 8,128 
people should have been employed to *How for an fat- 
areare of the working force by that nnnibsr, 11808 per¬ 
sons should have been engaged in addition to oevte 
withdrawals by death siekness and resignation, awl to 
allow for practical emptoyment Wilts If wo take 
oognlsanoe furthermore of normally fluctuating pro¬ 
ductive conditions neeereftabng at tune* non and at 
times leas employees, and of tmprsveritable adgsnrfc s 
of the labor situation, vra could make a further sMotoknoe 
of 2187 persons, representing 5 per oeat of the total 
working force throughout the year 

Wkile (kserstwaBy, therefore, only S,tS8 psraeas thould 
ham been unpa ge d prseheolly tho engagement af 88 Ufl 
could readily be defended 

Wkaf ehouU be scud, Water, rf tha foot that fa order la 
increaao the force during Ih* fear by 8 Its 44fi6f total had 
to he engaged af whom ft 888 were therefore n i|«ge f oboee 

It is obvious that a considerable turn at money mast 
have boon wasted m engaging and borrespuadtagly ttla- 
charging tmnecesreiOy so luge a fore* of men and wnsnsn. 
In order to secure » lucid picture of this fast I have 
tried to asriga * dtAai-and-eentt rata* to the Agrees 
just quoted No reUabte investigation seams to h*v# 
been made and pubHsbed in respect to each flureeU 
valuation Industrial managers were therefore, in¬ 
terviewed in an effort to obtam from them if porabie 
a concensus of optnkws They ware relhar loath to **> 
press thair views becense they bad not glton bsntoforo 
ssrkms thought to tbs question. TMr esftiato* nwod 
from 28600 to 818000 par amptoroe, few piacsA O^ 
ftnswnal vsluatk* bf toe waste ailre* Unto WlOOpre 
esnploye* end drew wnoi even a* Wed* ak 8280 00 jwr 
wW* 1b^ ^>8dW iw«iw to tW sw W u g skino 


fAe machta* tool buBdrr, wbo is uitiafiy err* Wa 
m fo&nwtng up tiawm d kma, after ««v 
bwgt wH to hie gttcgttoe. looked Into <Wiri|rent 
with were tore reUftotod It m V»W8t *ek 
msnt ufahseet iti/hf***** b»»2W» 
whfle the ptriesi—t Jritototo * I»Wbe kWreriid ii 
tore *m efl, mWftwto iw W 


group nftoetrewteaWtorestlgatWnedM^llMyeiM ' 

fur male awl 28 yeres lor female employee *. I totted 
u fomreoee ttatUttos tad found that 22 etriv^etory «es«toyee 
1000 male peasree of 31M yesrs of age end 7Bflwst of 81«CX^ 
every 1000 taeuih psesdne of an aVsregy age ht tt* an- Wtolfil 
gaged m rests' fretdry smploymrSrt, re »tofij' ptod 
Ths i xpreiana* of serarel nmtqal beneflt aatoSWre 
m factories same totondfag Over a preMNf tHtb* 10 
years revraled teat arereaSr ahnort 7 ifi arttt 'lJXb 
membtre win remote* 'by death. ^ ligw to a rt toflia, 
thro folly corroboretodtty tto nqirtbre IfnMWh.- pa> 
aovre 1 pre rent af Caetory MNWtes aWreftr, T 
Insmnee statietlre M>lWp MHMf # ft* 
of avonga taotory rekWretoRgiir ire ere@{ „ 
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New Faunal C^nditi&rtr in^lhe Carjpf^^ 

Notes of an Expedition to Investigate the Results of the Physical 

By H. £. Anthony . '•’* 


Dunne tbe mouth* of February and March of laat 
year tt waa the cood fortune of the author to aocom- 
■■any, aa an American Museum repr—ntatlrc, Mr. 
George Bhlrma, 3rd, on a trip to the Canal Zona. Mr. 
Hhlre* daalred to ohtalu photograph* by flashlight or 
the animal life of that region, a method of which be la 
ouo of the foremost sxponeuts to-day and which haa 
yielded him acme remarkable reanlU In temperate 
region*. It wan through hla geoeroalty that the Muasum 
waa able to aeud a collector to Panama with him. 

it waa expected that faunal condition* In the Caul 
Zone would bo undergoing abrupt efaangea Decauae of 
the damming of Uatdn lake and the ooneeqoent exton- 
Mire blab water. From a twain with no lake worthy the 
name, with etandlng water confined largely to marahy 
arena except during the height of the rainy season, the 
(latrtn region haa been tranaformed by the huge dam at 
Ibe lock* Into a lake of one hnndred and sixty-four 
square miles In extent and a depth of seventy to eighty 
feet In many places. Thla flooding of ground formerly 
high and dry, It waa anticipated, would drive many 
animals to seek new homaa or might even threaten eome 
of the more restricted, lowland-living animals with ex¬ 
termination. Incidentally many of the Islands and ridge 
crests left above water might have a concentrated fauna 
driven there from the adjacent flooded localities. Other 
phases of the question dealing with the newly created 
lako were the wiping out of the lowland forests by sub¬ 
mergence, the rise of new aquatic flora, inch aa the 
water hyacinth, and tbe probable Inhabitation or the 
lake by water bird*. Such were same of the Items In 
the purpose of the expedition and we were equipped to 
take advantage of these sew conditions If the foregoing 
assumptions proved correct. 

A* Oaten Lake waa the center of investigation. It was 
planned to work from a boost boat as a base camp, with 
a launch and small boats for aide trip*. Accordingly a 
boathooae waa made over by a flew alterations, but only 
lifter considerable time had been spent In trying to 
secure aumethlug available for the purpose. The house 
boat waa so low lu the water that aha could be towed 
only In a calm aea, a condition of the lake only rarely 
met with, and at best the launch could make bnt alow 
time pulling her. Late afternoon of March Olh saw ua 
leaving Oaten with the bouse boat and by 3 o'clock the 
next morning we were tied up at tbe head of a water¬ 
way or trucks that branched ofT from the Rio Trinidad. . 
This was our main camp and we hoped to be able to 
work the and interbed Jungle from here. Unfortunately, 
a plantation nearby, a young fruit district only recently 
made accessible by lilgb water, chose thla time to burn 
over some clearings, and wa found that the smoke ma¬ 
terially Interfered with our success. Cameras with 
flashlights end bolt were set out In promising spots, 
lines of traps for mammals were ran daily, while tbe 
Jungle was hunted In hopes of ehootlng sped men*. 

It waa at this spot that we made the acquaintance of 
the largest of the Panamanian monkeys, the “black 
howler*.” Frequently their queer booming, roaring 
howl echoed through the Jungle, a call that carries for 
long distances. They howl ofteneet Just before or dur¬ 
ing u rainstorm and tho natives tiros look ui>on them 
ns woollier pnqihets. Upon one occasion I stood almost 
under mane tree* through which a troop waa passing, 
while the first big preliminary drops of a sudden shower 
lettered upon the leaves about me. Tbe volume of 
mated that lasuod from the black shaggy throats was so 
great aud so suggestive of a large animal, a lion for 
example, that I found It hard to reconcile myself to the 
actual facta I felt a pang of regret at stlenctag one 
of the “howlorx," but aa • specimen waa needed I shot 
one of the foremost and heard him crash through the 
limbs hi the ground. Pangs of a more effective sort 
were experienced when my native boy and 1 attempted 
to retrieve the monkey, for he had fallen underneath t 
!«>*•’ neat the site of a bushel basket lad we found tbe 
nest too late to avoid It 

other Interesting mammals encountered here were tbe 
pretty squirrel-ilk# marmoset, the short-haired in tea ter 

.•The eipsdltlon worked under authority tram the Canal 
romiulaalon. It Is of sole that Colonel Goethal*. si the flrat 
Civil governor of the Canal Boo*. cuntlloaa adherence to the 
gynllry he maintained daring the eoflnaerlag wort la the 
prerlim. ojyvly, that the tathaiaa shall be a game pewerra. 


nelly wondering at the variety of the bird life and the 
diversity of the bird amga and ealtnotm. The nciay 
parrots that shouted la the oMratog util (be Jangle 
rang with their tumult, tbe groteuflu* toucan* which at 
times vied with the parrots, the exmag of the perra- 
keete, and tbe peculiar chorae-tike calls of the chaeha- 
laca, or “wild turkey," produdad as Impression that 

night mysterious note— wen heard from unknown 
sources, and one weird laughing call In particular 
caused conjecture to ran rife there being aa many 
opinion* aa there war* Uataasrs. 

Besides the work done on the Bio Trinidad, several 
long tripe were made by la ouch tar up the river aa the 
launch could ascend and two others up the Rto Ctalllbrlllo 
to some limestone cares for bats; On them trips It waa 
found that the rising w a ters bad ascended flw np the 
rim valleys, which In this part of the region have vary 
little fell, making them navigable to touches where 
formerly It would hare been Impossible to' take a rsvaca 
or native dogout Some of these flooded river*—rivers 
by courtesy, for In the State* these streams would be 
called creek*—with'their banka densely lined by Jungle 
vegetation which met overhead and dropped km* vine* 
Hiid streamers Into the waters, ware very beautiful. 

Kveiywbere we found the forest Inundated. In 
regions early flooded, where the trees' were submerged 
fur tbe greeter part of their height, all the trees were 
dead and leaflet* with an occasional treat dump of 
orchids, the only green left Many square mile# of the 
surface of Os ten Lake are thickly studded with deed 
tree-tope of what was at otoe time splendid tropical 
forest Iu regions of later high water manj of the trees 
were still green and blossoming; especially was this so 
siting tbe shores where but the lower pert of the tree 
trunk* were under water. It la not improbable that 
sumo of tbe more reai*tant trees may live to a ripe old 
age with their roots some feet below the surface of 
Oaten Take, for some spades were found flourishing 
among their long since dead companions No new 
aquatic growth, arisen to take advantage of the altered 
condition*, was noted, but the conditions had probably 
not been In operation long enough to bring about such 
a growth. The dead trees are constantly falling aud 
the far-reaching crash of their daacent la one of the 
common sounds of the lake. 

Oaten Lake will undoubtedly produce new economic 
condition* among the natives of the adjacent district 
Three natives formerly had no other waterways but ths 
few rivers that traversed the Interior basin, and were 
available for navigation only to a limited numbev of 
villages. Such riven were the Ohagres, Trinidad, and 
Oaten. Now tbe far-ex tending lake shore* provide inch 
an accessible waterway that the native* are learning to 
navigate on lake waters and every morning their 
raywoo# may be seen lined up at the native market 
along the lock-front at Oaten. Being primarily river 
boatmen, however, they are yet somewhat distrustful of 
tbe lake winds end da moot of their traveling at night 
when the winds die down. During the dry season, from 
January to April, tbe winds blow aero— the lake 
toward a northern quarter of the compare, and Just the 
reverse hold* true for the rest of the year. Thla wind 
at timre becomes strong enough to threaten email boats 
seriously, and at practically all timsa of the day would 
be a strong check on the progre— of tbe native ftugrmt 
that waa faring tt We found It necessary to more the 
hooge boat always at night and hi the early morning 
hour* because of thla wind, and thla prevad a aarieti* 
ohatede to working many Umattttea, beeaure it wa out 
of the Queottou to run at nlght wtthaet a moon, and 
wh*u we bum* wished to more we'had * late rising 
roonu. After driving the launch full-tilt ovar a flouting 
tree and into partially a u b ui st p ad bub and tew tops, 
trying to store by tehtern Ugh*, waednftoed our future 
movement* to momtiU boan, . 

Whenever *ss bit fee water* of (fetfla Lake tit# 
deore, unaltered jjfegk tea it core eti c otia tre ed and no 
matter bow muob tte beauty was to hf admired from 
the boat, It* Impenetrability was no lemtebe fettered. 
It was neeiere to attempt to ten tbs trail Without 
recourse to the reoeMis, th* keg brute kmlf# of Ui&h 
America, and many wore the rariotim of briafe and 
thorn* to be avddodi Onfle into theth4*gro«tfc*f Or 
Jungle, the hunter flmmd.lt, ne fl te a wy to 
in mu spot in order to 1oak. tote oil fee wtoreafltefa 




ww»« W * 

mow With mmAddteW* gpeedtofetepo *v#ii|§k 
Moaguttow.. tta >****' bgaU. 
were few* but .(sutngiy fete d, oytetfe 

tbtm, gjfcpdSiro >!ijo ■ tow tm m&W mWt 
rainy ee*toU,tboy we ^m^fe worite 

arguing a local distributing «*•'. 
however, made up lb dtHgaue* tor any «tigfcfc#'MpN^ 
feel we had raftered from not taihg mat hr flNOttmfr-! 
The Jungle everywhere teemed to "harbor to ms 
they dkj .allitha* aoukl to m*k* fit* mlagrabte .'floo/fei 
Ante also were found la sbandahos and lt wt% ftgtailfe' 
Indeed that our camp waa a loatlug ooenndthfe md 
off from Inroads of these nuisances. One apecleo of Apt 
lu particular wlU be long remembered by two .to#*ritete 
of tbe party, for It along with a venomous vigor never 
equalled by any bee and mado the victim laMgtne ha 
had been struck by a snake at loast 
Concentration of animal life had taken place at the. 
rising of Oatfln Lake, and most of the island* form ed 
inn] many Inhabitants at fret. Th* Os ton Mont Club, 
however, soon reduced ths pop'll!tloa of tbege Islands 
by hunting them with hounds, and aa the quarry In 
most Instance* could not leave the island, the reoult wes 
It clean sweep of ah th* larger specie*. W# wsrefeo 
late, consequently, to And abundant game on any 
islands hoar Oatfln. I accompanied thla bunt club ea 
one occasion, securing two peccaries . 1 c - 

Tbe most efflrieat method of hunting the Pe Basra alt a' 
Jungle wa* by means of a headlight at night The rays 
of tbe light, worn on the hunter's head, are reflected hy 
the eyes of the animal, which shine Hke two orh* of 
fire—red, green, or bluish, depsadlng cm too anhaal 
"shone.” Tbs hunted animal win saw nothing but the" 
approaching light aud fellg an easy victim to this rill* 
or allot gun. On account of tbe danger to dsumtic stock 
and to people by promlaenona ehootlng at night, thla 
method has been prohibited oa the Bona, hut beyond 
Zone limits It la today the favorite mod*. * 

Tbe trip resulted In a good series of flashlight photo¬ 
graphs of opossum* and aome at to* smaller at*inmate 
Tbe apparato* for “flashing" to* anboala waa gat MM 
by ram* ranway or wator-oourge whore Miami* wa re 
apt to past, anh constated of a mechanism to fire a mag- 
nerium flash and at tba sarna titn* trip tog shatter 
of toe earner*, which waa festeosd to a manner to Ofe*-- 
mand toe trait A thragd attached to e bait and 
at retched out before the earner* fired the flash whan 
tha animal putted it > 

Bert— of tha rodents and th* smaller mammals ware 
—cured for tbe Museum eolleetleoa and for the moat 
liart at* of aperies not hitherto represented. Tho time 
wa* tqp Umlted to eeonre teeny of too larger nguMmte 
whleh are foand ln the lode, ■ . .y 
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’ 1 Protection Against Torpedoes* 

A Discussion of the New Conditions Created by Mines and Submarines 

'‘Tumid- fir* v’.sh reliable projectiles. Generally speaking. how- buoyancy resulting hum a bit may be considerably 

mrMl* flNjri 1 * * * "W.M y 1 * ^** •***, *•<*»*•* to *0*h mean* la out of the question, restricted." and "Up to tha present time the labmarine 

• gfea ffjfttl M7 «WW. n P (PMMV «RM aad safety Urn only in the dieoovery and destraction menace has not been considered of auffictont impo rtance 

It to*P*S» «* V «*»• «« WPflMWa. u or avoidance of tha attacking veuel. Where the Utter to justify tha adoption of armor for protecting tha hot- 
te Sanaa, than the highest Pf^se k a wbnarina aad the trater U broken the difficulty tom; although dkouaaed horn time to time it haa never 
H. The U great, aad the beat defence remains lrraguUr speed been fitted." Bir Philip Walto and many others may 
rough at tha tea and tha on an irregular course. We ire thus left with the now ace reason to alter their views, but it must be 
*» PteW lf P* te> wormwa; re gwat, fact that no maebanioai means have yet bean discovered remembered that with a single possible exception, 
te •• teaat prepared to regard than to prevent e web-aimed torpedo striking its mark with, about which littlo or nothing is known save from Ameri- 
Wteiparte^ If, on tip Other hand, we aoeapt the in tha case of older ships at least, fatal affect. The only can sources, no modem big British ship haa suffered 
sflPtWIItri m sir faced with tha probkm how a Gar- hope, then, Hat in so construction* the bottoms of ships from mines or torpedoes Only elderly ships have been 
-aputfedbs fBtrefU^art. Wa sag a “German mine," that the submarine explosion shall do no or only localised sunk, -hi,* that were built when sobmarinca wan 

• liteW* ten k some rsaaos for believing that the injury. It is on this line that architects are working. little considered. On the other band, it appears that 

an pot canful to snaun that their find Whether or not the bottoms of our latest slope are the "Vinbus Unitis" was torpedoed recently by tha 
,teika fo e at e n att n al iy oat of action, aa cure do, whan armored we cannot say; but even if they arc not. which French, and it is reported that a modem French ship 
tey break adrift torn their moorings, aad they alone is probably the caw, a form of subdivision similar to of the "Courbet" type (10101 haa also been struek. but 
Ms te baiuous free floating tm-timed mine. Prob- that employed in reoent French ships—te "Bretagne" in neither ease haa the vernal sunk. There is a rumor 
te Adwbahy k In a poaitel to say which of class for example-!* used. In general terms this cm- aleo that the “Oueben" haa just been torpedoed without 
thsia two aansea, both of which hate elements of ln>- vista In forming a long Internal caisson or cofferdam in- sinking. The reason in these three Instances may be 
ItelteBftgf. was really wsponribla, and we are not aide the vessel at the vulnerable under-wator parts, that in not one did the torpedo reach a fatal spot, but 
te know for a long tea to ooma. In tha mean- It forma in Tact a kind of double skinning, only that the equally it may bo that the new form of construction 
WUU Or problem of tha nriatanaa of ships te sub- spoor between the outer and inner skin is greater than does, at least, save the life of tha ship, 
marina attack haa bean raised by this latest loss. in passenger vessels and the inner skin is made thick It will be gathered from this brief review of the 

The suljrjeet k one that haa attracted a gnat deal and of a particularly tough kind of steel. Occasionally position that whila armored lwttom* have been die- 
ot attention in recent years; but, on account d the a flexible diaphragm is placed midway between the iwo cussed, they have not been adopted, but that practically 
M pofisy punned by tha Admiralties of most ooun- skim, and helps to protect the inner one against injury, all recent ships are provided with under-watts- chambers 

triaa axl of our own particularly, rswy little is known Tbs fores uf the explosion of a mine or torpedo expends or oaUaons, on which te explosion of mioes or torpedoes 
outside a limited draw, aa to what step* have been itself in destroying the outer skin and is unable to can expend themselves, and are in other ways sub- 
taken to guard agabwt this ever-increasing danger. As damage seriously tbe inner. Tbs ship is, uf course, divided. The only other protection against submarine 
ire shall show presently, It is probable that no country badly injbred, but not sunk. We know that this plan attack Is tbe mobility of tbe vessel heracif and tha use 
fuffy appreciated tha submarine menace when tbe war baa been adopted In British vessels, for Mr. T. fl. Owens of net*. Hub-division does not protect a vessel from 
b e ga n Until a few years ago there waa never any has slated that “in most of tho later ships there are injury of such a nature that she would have to spend 
question of armoring ships' bottoms. It waa thought submerged longitudinal protective bulkheads to ward many weeks in dock after a successful attack, and hence 
that a storing ship oould generally maneuva out of against the effect of submarine explosions, either from it cannot l>e regarded as final. We nre thus driven to 
tbs way of a torpedo when It waa conscious of tbe torpedoes of mines" (hut. N.A.), and wo have good the conclusion either that armoring of bottoms must 
direction from which it came, aa, for example, in the grounds for hoping that any of the latest battleships liecmno a general practice or that some entirely now 
MM of an attack from a destroyer. Protection then and battla-oraiiers would not suffer the rate of the old imsuu of repelling or nullifying attack must he found, 
wto only needed when tha vesaei was at real, and for veasels that have been sent to the bottom by the ip- Here is a emblem upon which our readers might exercise 
thk. purpose tbe torpedo net was given to all ships of visible attaoka of the eneifly; but we may ask how long tlinlr ingenuity. It is. we admit, not very promising, 
any ska. The net, however, k no longer an infallible after such an explosion would the damaged vessels agaih but we suggest as a course which doss bold out some 
MCnn gainst modern torpedoes, and since tho do- be available for service. ‘‘Hub-dlvMan." said Sir Joty hope of suoooss that in tho first place means for dis- 
vriopmsnt of the submarine, with It* invisible attack. Hike at Newcastle butt July, "naturally suggest* itself covering the position of an unsoon submarine might be 
the stationary or stow moving ship k at a great die- as one means of minimising the effect of this damage; sought. To know the position of your enemy is to win 
advantage. A new method of drfanes is needed. Tha but, wheb all that k possible In this direction has been half the battle, and if we could discover some device 
prbblMn k Una of extrema difficulty. There are only done, there seems to be no great certainty that a battle- which would lend suit-marine eyes to tho battleship 
two Una* On which a solution k to be sought if complete ship will still be a formidable fighting machine after as tho aeroplane has lent super-Uvrancan sight to the 
immunity k to ha found. Either the bottom plating having received die suooewrful o intact explosion of a general staff, wo should he on a long way to avoiding 
d tha veosi must be made so powerful that the explo- 21-inch torpedo." He then asked, “Clan ws do anything such calamities as have occurred, it is well known 
■ion of a torpedo against it can cause little damage, or in addition to sub-divlshm to preserve the ship for of- that all submarines are noisy and that in a submerged 
maaaa most he discovered for keeping the torpedo at a fectlve fighting purposes?” and replied, "The cffootlvc condition they are driven by powerful electrical ma- 
dlataacc In harbor It- k not vary difficult to ensure advent of the submarine seems to justify a serious con- nhlnery. We suggest that two lines of research are 
th* latter. Obstacles may be placed to guard the sideratlon of the question uf applying armor to the hot- opened by those farts. A modification of the submarine 
entrance Rod, aa a secondary precaution, the nets may toms of ships." Sir John then showed that if tho bottom bell aparatus now fitted to many merchant ships might 
ha lowered on the ships themselves. In tbe open mo was to be armored with 4-inch plaUw, which he suggested he used to discover the direction in which a suhmarino 
fueh protection k hnpcaribie, tod the only course is to would be needed, a reduction In epuod of two knoU or lay, or some delicate device which would discover its 
depgod upon speed, maneuvering qualities, sod gun fire, a diminution of above-water armor would be necessary, position by magnetic means might be invented. The 
fjy these mean* the submarine may be driven off or Speaking on this paper, Sir Philip Watts made one matter, of course, bristles with difficulties, which are 
avoided, and H k also conceivable that in certain states or two remarks that give us some Insight into the course Increaeod by the fact that the information on which in- 
of tbs see, when its approach k made visible by its adopted by the Admiralty. Ho said: “Defence can vnnlinn must lie based caiimil bo obtained; yet the more 
welM te torpedo might he sank or exploded by gun be provided by fitting deep Inner bottom spaces hanked minds are direcled to the problem tbs nearer shall we 
■ " ---’ ‘ Tlr IT-r*-— ' with tough protective plating, by which tlio loss of be to a solution. 


curve won rectilinear beyond 1,070 deg. Out., tha 
highest |x>int of calibration. Platinum, platinum-irid¬ 
ium thernui-eouploM am mil generally used in measur¬ 
ing temiKiratures higlxr than 1,100 dig. Cent., or at 
moat 1,200 dug. Cent., blit In the present ease it was 
found that tho couple still remained inuu-t when an 
electromotive force of 106 x 10-‘ volts was reached and 
thk was token from tbe curve as repmamting approxi¬ 
mately 1,400 deg. Cent. 

It is quite clear that with a platinum platinum-rhodium 
thermo-couple still higher temperatures might have been 
recorded, but after the maximum current of 10.(1 ani|>ww 
had boon running for a short time tho tube cracked and 
the investigation was not carried further. 

The investigation shows that with a moderate eon- 
sumption of energy the luminous vapor in tbe mercury 
are may attain and easily exceed a temperature of 1,400 
deg. Cent. 

The investigation suggests, too, that in all probability 
the temperatures indicated by a thermo-couple when 
exposed directly to the discharge are slUl very much 
below that corresponding to the mean molecular kinetic 
energy of the luminous vapor. The most satisfactory 
way, though a difficult one, to ascertain the temperature, 
would Its to investigate the form and variation in widtli 
uf a sefcwtod-spectral line when the consumption of 
energy In the are » varied. 


Offite^TMBtetewrfteMwoByAw* 

: teJ-CItea—.OteMteyoftteaU 

> la the oorirw of era» experiment* recently curled 
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To bring out this point measurement* wore made on 
tho dlscliarge In a tulm tliat had a platinum-iridium 
thermo-couple anted into it with ous junction cituatod 
at the axle of the tube. Tbs terminals were joined 
—one to a standard Siemens and Halskn poUmtiometor, 
and the other coaled to 0 deg. Cent., by melting mo¬ 
uld thk gave the electro motive femes'of tho junction- 
when discharges of different Intensities were sent through 
tkw tab*- 

In making the obeervtUons te tube was joined to 
te UO-volt direct current supply etrouil with a variable 
resiftaoco In series whkh enabled uno at will to modify 
the strength of te current in te an. 

Before setting the wtrqp hi to the tube te thermo- 
eoupla wag eallbratsd tey exposing te junction to a 
Mrire of temperatures given by (1) melting ice, fit) water 
aad napbtbalens bolting at atmospheric pressure and (3) 
(too, coin Aver, and potooium sulphate at their re¬ 
spective melting potato 

In mattag observation* the fall of potential between 
te two teradnak of the tube waa measured simultane¬ 
ously wMfc te streogth of te current passing through 
H, At t)ia tome tens te corresponding electromotive 
fote W«p* >*Ml aff grass te oom pe — attou apparatus. 

- . A twfJp**aturs of 1,400 deg- Cent, waa rreohed when 
» pwtwst rf 40 pamper* waa pa«ing through te lube 
■ br opposing tet te oalJUration 
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Edward Weston’s Inventions 

Revolutionizing Discoveries tliat Resulted from Exact Observation and Original Chemical Theories 

By Dr L R Baekeland 


I Hr pwiienr work of Dr rdword Weston U not essy 

I dimnbe in a few word* Hu re>tlsni mvmtive to- 
livity ha* been spread over »o many subject* hju Inter' 
twined io many interloekinc problems that in order to 
understand its full valut it would be n e c es sary to enter 
into the intonate study of the various obstacles which 
opposed themselves to the development of several kwd- 
mg industries which he helptd to ersate the efeetro- 
ilt position of metals the deotrolyU) refining of copper 
the lonstruetion of eloetne gem raton and motors the 
development of olectnn illumination by are- and by m- 
< andnai ont-hght and the manufacture of dortrual 
muwurmg nietniments An impnsMvi list of subjwte 
hut in eviry one of th*w brant hee of industry Wtslon 
was a loader and it was only after be had shown tht 
way in an uumistakabU manner that tht art wae ablu 

II make further progress and dt vt lop to its (nut ut day 
magnitude 

But why was Weston able to overcome difficulties 
which seemed almost unsunnountable to his predeces¬ 
sors and eo-wnrkms in the art’ 

Thu answer is simple He introduood in most of his 
physical |in>blems a chemical point of vutw -a chemical 
point of view of bis own a pomt of view whit h was not 
sails And with gtneral statements but which went to the 
bottom >f thhigs He did not get hu chemistry Whole- 
salt as It is dispensed In come of our hot-bed mithod 
educational institutions He had to get at hut facto 
pie*tmud one liy one adjust them ponder ovtr them - 
iolio*t hu fails with muth effort and duenmmatlon 
he did not acquire his knowledge merely to pass examina¬ 
tions but to use It for aetumulaUng further knowledge 

It seems rather fortunate fur him that onn of the first 
employments ho got in Hi w York wss with a chemical 
tonoern which made photographic nliemuals Thu was 
the time of tht weWpUti when photographers made 
their own collodion their own silvtr bath their own 
paper Whoever went through those dilicate Optra 
lions knew tho dlfBt ulUee the uncertainties which wi re 
t aused by small variations in tin composition of ihenu 
cals or in the way of using them Photochemistry u 
excellent experience for any young chemist who Is dis 
posed to generallre too much all chemical reactions by 
more chemical equations Whoever has to deal with 
thost debt ate ihtnmcal phenomena which occur In tho 
photographic image knows that many unforeseen facto 
tan not t asily be at counted for by our self satisfying but 
often superficial gonenduatums < f the text-books 

Weston s ti ndent y to observi small details m chemical 
or physical phenomena led him to improve the art of 
nn kel plating and electrolytic deposition of metals to a 
punt whin it intered a new era Whin he undertook 
the study of tho difficulties in this art he took nothing 
for granted hut by close observation he succeeded m 
devising methods not only of improving tht physical 
texture if the dt posit but for increasing enormously tht 
speud and regularity with which the operations could 
Ik carried out all these improvements are now embodied 
in tht art if tinttro typing nnkil geld and silver 
plating 

\l tins turn attempts had already been made for tht 
tonun rtud rtfining of copper bv means of tho elettnt 
lumnt But this subject was than in ita first clumsy 
period far n moved from the Importance it has at¬ 
tained now among modem American Industrie* Hers 
again Wi at on brought order and method whore haos 
rtigntd His careful laboratory observation* harnessed 
by hw keen reasoning inUlkmt established Ihi true 
pnu iphst on whnh eoonomu industrial eiectroiytii 
»i|>pt r refining could be < anted out Prof James Doug 
lam (( ommi nnement address t olorado Brhool of Mum 

MriaUurgi si and CktmxaU /fsginssnsg Vol XI Ho 
7 July IBld pagt 377) referred to this fact in a recent 
addraw 

1 suppose 1 miy (lann the merit of making in Out 
t lunlry the first rise trolytu oopper by the ton but the 
uu nt m really due him (Weston) who in this and in¬ 
numerable other install ee has ooneealed hu Interested 
work for hu favorite suenoe and pumito under a thick 
veD of modesty and generosity 

fhe whole problem of electrolytic refining when 
Weston took tt up eras hampered by many wrong eon 
11 ptinns One of Htom was that a given horo-powur 
v uuld inly dt posit a maximum weight of copper regard¬ 
less of cathode- or snode-surfaoe Thu fallaoioiu opin¬ 
ion wsa considered almost an amom until Weston showed 
dearly the way of moreaniig the amount of oopper de¬ 
posited per electrical bone-power, by Wearing the 
naotb^ind rissof vala ami their ri e otaod s s, oonmtiag 


his vats in a combtnatioo of series sad mulUpte, the 
only limit to Bus amogemant bring the added interest 
of capital and deprecation on the increased cost of more 
vats and anodes in relation to the oost of boro-power 
for driving the dynamos- 

The eleotro-depcmtion of metals forced Weston into 
the study of the construction of dynamos Until then 
the elootrie c u rrent used for tdokel- silver- sad gold- 
plating as well as for eleotrotyping, was obtained from 
chemical battenea Weston says that it was almost a 
hopeless task to wean elec troplaters from those osili 
to whioh they had boeoms tied by kmg experience and 
on the more or Isas skilful use of which they baaed many 
of the soereta of their trade 

If the dynamo as a cheap and reliable source of eloctrie 
current was advantageous for nickel-plating, it became 
an absolutely indispensable factor for eleetmdytu copper 
refining At that tune the dynamo wia lull at its 




very hi ginning —some sort of an electrical curiosity 
It had htwn invented many yean before by a Norwegian 
Hortn Hvjorth who filed hu first British patent a* far 
back as 1855 Similar machine* had been built both m 
Europe and America, but httla or no improvement was 
mads until Weston m hu own thorough way undertook 
tha nsreful study of the various factors relating to 
dynamo effkwmoy 

In 1H70 Weston filed hu first United States patent on 
rational dynamo const ruction which was soon followed 
by many otben and before long be had inaugurated such 
profound ameliorations in tbs design of dynamos that 
he increased their efficiency in the moat astonishing 
manner Heretofore the dynamos which had been oon- 
i true tod showed an effit Icncy not res* hreg over 15 to 40 
per cent gross ricntnoal sOmeney but tbe new dynamos 
oonstruotod after Weston i principles reereaaod this to 
the unexpected efficiency of 96 per cent and a oom- 
moreial efficiency of 85 to 60 per oent He thus marked 
an epoch m physical science by constructing the first 
industrial machine which was able to change one form 
of enwgy motion mto another eleotrusty with a hither¬ 
to unparalleled small loss As the improvement* In 
dynamos depend almost exclurivriy on phyrioal con¬ 
siderations, and have little relation with the field of 
chemistry I shall dispense with going further mto this 
matter But I should be permitted to poutout that the 
first praedeal application of elaetriaal power transmission 
for fritory purposes in tUs country, was ftryt utOlaed 
m Weston s factory, tha sueeam of this imtahatloa in- 
daoed the Clark Thread Works also located in Newark, 
N J, to adopt tha method at power tranotafa ■**■■ for 
son* special work, a method which mw hw hum 
M umvsrml Nor tha pttrpoee, Weston had to jtemrt 
new deview for itartAc. and (Or M MB 

w Cor prenatog lajariM t» motets by eredead. 


In Was tea’s fastory also the tieetae are Was aw* fnf 
Ae first anw to Ss® United States for general ffiamta*- 

tson •* 

In that from 1876 to 1866, Weston waa vary ansgnti 
eally engaged with the devriepment of both s ysta sm of 
are- and towndeawnt^omiaoUc* by eiwtrWty. We 
see bun start the manafaoturo of sre-ttghUwrtwns on- 
oordmg to methods invented by him, and thns ho bacon* 
tho founder of another now industry in Amorkn. He 
oontinuad this branch of mwmfaatore natfl 1884, at 
which epoch this part of tha btulnaas was tnnsfaqsd Ml 
another oompany which hw made a specialty of this 
obus of product* and hw developed It into a very Im¬ 
portant industry Hare ogam Weston Introduosd 
chemical methods and ohamioal points of view Among 
tha many objection* which tha pabUo had ogriaat the 
electrical are we* the bhnah color of tls Ugfat Women 
especially complained that the bloc violet bght did not 
bring out then- complexion to tha bast advantage 
Weston first tried to nos shorter am whieh gave a whiter 
light but this was only a partial remedy He eoon 
found a more radical and more complete cure by tha in¬ 
troduction of vapors of metals or metallic salt* or oxide 
In the are itself so a* to modify at will Uu color of Uu 
light and thus he became Uu inventor of the ao-oolUd 
flaming an. It is noteworthy that it took about 30 
years before etaetriemns and fflummating engmoen be¬ 
came so convinced of the advantages of tho (l a min g are, 
that it had to be re-in rented ’ during there late yean, 
and now it is considered tbe most efficient system of 
aro-iU emulation 

In relaUan to this invention it is tntamtmi to quote 
the fallowing extract of th« specification* from hi* United 
States Patent Ho 310 380 filed November 4th, 1878 
Thu rod or suck may be made of venous matanala— 
as for example ofso-ealled ImugUs*' or of compounds 
of Infusible earths and metallic salts, silicate* doable 
silicates mixtures of tbe nhoatw with other salts of 
metals fluando* double fiuandss mixtures of the double 
fluorides fusible oxides or combinations of the furiWs 
oxides with the silicates—tbe requirements, so far w tbs 
material is oonoerned being that it shall ha capable of 
volatilisation when placed on the outer nd* of Uu 
electrode to which it is attached and that it* vapor shall 
be of greater conductivity than Uu vapor or particles of 
carbon disengaged from the onrbon eleotrodas The 
foreign material added to the carbon may be bearpuntod 
into the electrode by being mixed with the carbon of 
which the ele< trade leoompoeed or It way bo introduced 
into a tubular carbon but I have found It best to place 
it m a groove formed longitudinally in the side of the 
electrode w sbqwu 

In hu endeavor to make Uu else tno moandseoent lamp 
an economic possibility wa see him introduce over and 
aver again chemical methods and o h a m ioa l oouodsrv 
Uons He first tried to utfhao platinum and indium 
and their alloys whieh he fused in a specially oon- 
struotod electric furnaoe, dtvusd by him antedating 
the furnace described by Browns Thu 1* probably 
the first electrical fnmaea, if you will except the furnace 
which Hare used m hu laboratory in Philadelphia 
But there platinum metal* showed urkros defect* 
aside from their U^h cost and by that tone Weston had 
become w famtttar with the propalsee of good carbon 
that like other Inventors, he beaanu convinced that the 
ultimata rooms Uy hi that direction 
And new we sw him Jote In that raw of nvsby stnong 
inventors who oQ engaged their efforts in esareh of the 
real praettesl u w nn dwosn t bung Atpong tide group of 
men the names of BtUeOn here ut the United Statee sad 
that of 8waa In England, hare been beet known. Togo 
Into the detalh of Ah ringgit tar improvement is 
entirriy outride of the seep# of ttd* short review 
Edison snoweded >* making h roadore tet hMp fila¬ 
ment* If oarbonbing tested etnas «t Whiten., But 
even * oarbon made of this uanmaBy compact aad eni- 
form material was far from bring atOekmtly tagriar 
and bcinogeasous. Indred aS Uu Uwa kaewn fanas* 
of carton eon4n*tor»h*d the fatal defeat of n rinMfani 
laekcftomcgrerity On aeewmt of Ale, tluiM sWaw 

varied at eritqte easterns of Uu fitaro s rt. M atmea 
very spate, the tsafipetatae taw to-eWh an m/m AM 
it eaarod retdd ^ At temMU, Ala ta aatap- 

What staafiar to A* ehria wMA is jnrt agifinM* firw 
veobtat Bfek 

Tbro hWgnlarittat bt A* fHs a wt 
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S tatallteriiittogM«ttfetodlrtBfaeemehafd 
MO* Mo Bank Mi. tfel? eertx* wae eeBeeted from 
fu* Of the «H MM* «Wah ted 1 mm the hottest, 
and ttaro m M yk w - nrto a **• Mad flndagane to- 
tatafan Mavta * dm* deposit of whereat osrixm. 

' Bg IM> tarots! phWMaaaon of dtaoriato at Ugh 
teapwtaw ha pmhld a ta edeal means for ' srif- 
euring" safr wrak spots is the Alarmt of kn lamp The 
re me dy Was u in grofc m a ai simple. Is preparing hu 
ht ptarad the eurreut through it while tha 
fefetaii we* iMaewd la aa atmosphere of hydrocarbon 
gas, so that ta vm y ipot whan the temperature rose 
highest da amount of gnater resistance bnoght about 
by Am bragiihl etwoture of tha material, tha hydro- 
cntaa gaa «*> dhsoebtad aad eartsm waa deposited 
eutomMfreBy until the dsfeet waa «md with tha result 
tha* tha Alammt acquired tha earns aUatrls resistance 
«NV ita whole length But tide ten*two however 
brilliant, did not Hunt Ua effort* He had beeome 
imbued with tha idea that the ideal filament would be 
as absolutely stfucturetosa, homogeneous filament with 
aaaatly the same composition aad the eamo section 
throughout He whole length He reaso n e d that euoh a 
filament oould not be obtained from any natural pro¬ 
ducts duets neither from paper nor bamboo but that 
It had to be prod used artificially a the laboratory from 
an Absolutely uniform stroeturelam ohenuoal substance 
After various uneuoeeseful attempts he finally secured 
this result by applying hie old knowledge of the days 
wW he used to make ooUpdkm M a produced s homo¬ 
geneous, structureless tree*parent film of nitrocellulose 
by evapondiag a solution of this material in suitable 
solvent* As he oould not oarbonue this flbn on sooonnt 
of the well-known explosive properties of so-oaUed gun 
notion he obviated this difficulty by eliminating thn 
nitrate group of the molecule of oeUuloso-nUrale liv means 
of anouonlum-sulphydrete Thu gave him a fhmbli 
transparent sheet very simitar in appearance to gelatine 
tide material ha celled 1 Tsnudute Hunh films oould 
be cut automatically with utmost exactitude producing 
filaments of uniform seotkra whlrh then oould be sub 
mltted to osibgafratiou before fastening them to the 
inside Of the fUsa bulb of the muuMtaaeent lamp 
It is Intereating to note here that the modern Tungsten 
lamp, in all its perfection made of ductile tungsten h 
after all, the fullest development of the principle of an 
entirely struotureleas homogeneous chemical filament 
The tungsten-filament can stand much higher tempera¬ 
tures than carbon and this property gives it higher 
Ugh ling efflrieney but the former tungsten filaments of 
a few yean ago whioh had a granular structure had tha 
same defeat aa tha earlier oafbon lamp*, namely anon 
homogeneous texture and correspondent short life 
While Weston waa wrestling with all his electrical 
problems, and more particularly with the construction 
of dynamos and motors he was handicapped continu¬ 
ously by the ehunay aad tfane-oo n su nun g method of 
risetrieal measurements whfeh were the best uniting 
at that period Up tffl than, these methods had been 
found good enough for physical laboratories, where the 
task of seeurmey did not result disastrously m hitting 
th# pocket of the manufacturer or where time-abundant 
thn* for observations sad calculations was always 
available But progress m ths deetneal Industries 
lagged behind the delay and uncertainties caused by 
electrical measurement! So Weston waa compelled to 
in vest for his own use a set of practical electrical measur¬ 
ing instruments It was not long before some of his 
Mends wanted vary badly duplicates of Us instruments, 
before h* knew it, ha was giving oonsiderahl* attention 
to dm construction and further development of these 
fawtrum ents Just shout this timsj tha eleetrio light 
and dynamo construction enterprise entered Into a new 
period where they began to develop ttt large unwieldy 
commercial organisations requiring public franchise, 
aad which had to be booked by vast amounts of new 
capital. In ita boards of directors business man, or 
fin e iriM man aad corporation lawyer* became pan. 
meant tMtim end eebpsed la importance th* technical 
or aeleotifie men, who, in carter day*, had almost ex- 
doriycty eoatrihuted to tha development of dm art 
, fUkering hit aaturel toe&mdona Weetoa soon abaa* 
do**) Us fo rmer badness "c*—«U“ in order to en- 
tranah kimedf in a field whtra individuality, seaenee and 
t* dh aolo | y wan of almost unique bnportaaoe, wd which 
he ahold develop wtthont the neosari ty of teeurring 
finsnrisi obtjgnrion a beyond irhfit he.eooU master 
psteonaBy. Thee he tapped his eonseedons with th* 
*4erirfc%ht end dyaamo entsrprtaee, aad ws sse bins 
ricAr, MOW rad soni, fax another new Industry which he 

‘ta tfi rt f t h a art d iroHkAtatrt i,. Wvwt war tby aad 

fetaM^ fc *•■*** Wmtsa mu to 
jwb t peBii i l trim* a* Ms weti m fc U H t y lad a*ear*oy 


treat worthy meaeuilu* testrumsata nor ereate reliable 
meas uring methods? 

What Stas did m chemistry for atomie weights 
Wsetoa did for eleetaeal measuring he area ted radkally 
new methods of measurement aad introduced an ao- 
eureoy undreamt of heretofore Do not forget that hu 
problem* were not easy one* When the British govern- 
msnt offered a prise of $100000 for the nearest perfect 
ehronameter the problem of a reliable chronometer in¬ 
volved considerably lets difficulties aad fewer disturbing 
fasten than any of those encountered in devuung and 
making electrical measuring instruments But here 
again, even at the nsk of monotonous repeating I want 
to impress you with the fact that the soeeosa of Dm me¬ 
thod* of Weston wsa found m almost every ease m th* 
application of ebonies! means by which he tried to solve 
his difficulties 

When he took up this subje, t the scientists as far 
bank as 1884 accepted implicitly the belief that the defl 
altion of a metal and a non-metal residue lay m a physical 
distinction that for metals th* electrical resistance in 
creased with temperature, while for non metals their 
realstanoe decreased with temperature Thu was an 
other one of those readily accepted axioms which nobody 
dared to refute or contest because they were repeated 
m respectable text-books And yet this unfortunaU 
behavior of metals waa the gn atest drawhai k m the c on 
struclkm of accurate measuring instruments Indeed 
on amount of the So-oaUed temperalun rw fft unt 
aU measurements had to be lorreetod ly tabulation to 
the temperature at which the observation waa mad. 
This seems easy «nop g>, but it was tun, < onsuming and 
often it is more difficult to make rapid accurate obser¬ 
vations of the temperature of the instrument itself 
Kirst of aU, the thermometer* are not accurate and have 
to be corrected periodically and furthermore it Is n t 
an easy matter to determine rapidly the temiieratur, 
of a i oil or an instrument Moreover by the very 
passage of the electric current fluctuating change* in 
temperature are liable to occur whH h would make tin 
observation* totally incorrect AU this led to hemta- 
Uon and slowness m measurements Weston wanted 
to correct this defect but he was told that llm virv 
laws of physics wire against his attempts lb fir, hi 
was through with his work he had to correct sum of 
our conceptions of the laws of physics now let us si e 
how he did it 

Weston knew that tha favorite metal for reeistan,, a 
was so-oaUed German-silvw Strange to say hi was 
the first one to point out to the German* themselves that 
German-silver is a word which cover* a multitude , f 
sins and that the oompontian of German-silver vanes 
considerably according to its source of supply Th, 
result was that ho soon proposed a standard copper and 
nickel- and smr-aUoy containing about 10 p,r unt of 
m, kel and which had a resistance of almost twice that 
of ordinary German-silver and a muon lower temperature 
oo-effioient Not ratisfled with this he took up the 
systematic study of a large number of alloys The first 
batch wteoh he undertook to study amounted to more 
than J00 different alloys Since that time he has con 
aujerably increased this number and t» «tiU busy at it 
Everyone of these alloys he made himself in hi* labora¬ 
tory starting from pure material* and controlling the 
whole operation from the making of the allov to the 
drawing of wire* of determined sue By long and re¬ 
peated observation* on which many years have been 
consume,! he was able to determine the (letUs si be¬ 
havior of eaeh one of these alloy* at different tempera¬ 
ture* After awhile he began to olwerve remarkahlo 
properties m some manganese alloys he compounded 
He managed to produce an alloy which had OS tune* the 
rerirtanoe of oopper But getting bolder and bolder 
he strove to obtain an alloy which had no temp, return 
oo-eOcunt whatever Be not only succeeded in d >lng 
this bat finally produced several alloys whvh had a 
nsgatus temperature co-efficient In other term* tb,lr 
reristiuae instead of iwwaasmg with nse of tempera¬ 
ture, decreased with Inereasmg temperature He also 
showed that the resistance of these alloy* depended not 
only on (bear „nmpotion, but on certain treatments 
which they undergo for in stance preliminary heating 
And since that day the physicists have had to bury their 
favorite definition of metals and non metal* The present 
generation can hardly realise what this discovery meant 
at that rime I could pot batter illustrate thu than by 
reminding you of th* fret that la 1893 *t the meeting 
of the British Association for the Advancement of Science 
where it was urged to found an institution similar to 
the Deutsche Rsicheacstalt Lord Kelim said in ha 

,p, wfha gnred snoots* of the Phytikahshe-Retehsenttalt 
may he Judged to son* extent here by the record put 
hafareutbjrftaf vouHahnbotU Saeh a proved success 
say be followed by * country bk* BugMai with very 
great profittadaed Out thing Prof vo* HelmholU did 
j|Mt mmritari «aa fhn dheorery by the Aratatt of a metal 
sritorets&sreTt eo^rigriset with Wlgaet to etoetnaal 
rerefisred MgreiM wtytifliihrei. to ray nreasl Whose 


electrical resistance doe* not change with temperature 
This is Just the thing we have been waiting far for 30 
or 80 year* It ta of the greatest Importance in scientific 
experiments and afro m Conner turn with the measuring 
instrument* of practical electru lighting to have a 
metal whose deetneal resistance doe* not vary with 
temperature and after what has been done what ta 
now wanted is to find a metal of good quality and 
substanoe whoso rerirtanoe shall dimmish as tempera¬ 
ture n increased Wo want something to produce the 
opposite effect to that with which we are familiar The 
resistance of carbon diminishes as temperature increases 
but ita behavior is not very i mutant Until within the 
last year or so nothing definite was known of metals 
from the fact that elevation of temperature had the 
effect of mcreoamg resistance The Phyrikaheehe An- 
stalt had not been in existence two years before this valu¬ 
able metal waa discovered 
1 ben followed this colloquy 

Prof Von Hemholtx The discovery of a metal 
whose resistance diminished with tempt rature waa made 
by an Amoruan engineer 
Prof Ayrton By an Fngbshman—Weston 
Lord Kelvin That servo* but to intensify the posi¬ 
tion I wished to take whether the discovery waa made 
by an Anglo-American an Amenran Englishman or an 
h ngUshman m America It is not gratifying to na¬ 
tional pride to know that these disoovinea wen not made 
in this country 

The misinformation of Kelvin was due to the fad 
that after the Weston patent* had been published his 
alloy was called mangamn in Germany and much 
publicity bad boon given to Its properties with scant 
nftrenoe to its real inventor an m-urrenne which un¬ 
fortunately is not infrequent not only among comimwcml 
inter, *ta but in technical or *■ lentifio nr, In* is well 
No Iwm important was the Invention of the Weston 
noli which in 190b by the international commission 
for the establishment of standards of ole, trioal measure¬ 
ments has become the accepted umvtrsal precis*! 
standard for electro-motive foroc Hire again tl u, 
physical standard was obtained by , homtcal mrans 
Until Weston * researches on standard cells the C lark 
ooll had been the standby of the eh* tnoians and eh tro¬ 
che mist, of the world aa Lira standard of tint tin motive 
force It required the keen analysis of a Wealon to 
aamrtain all the defect* of this cell and to indicate the 
cause of them Later he dfew from hu canful oh, mu al 
observations the means to construct a w 11 wluih was free 
from the debits of its predecessor* a «H that liad no 
temperature co-effluent and had no lag 
He detected that the choic of a saturated solution 
of sulphate of amo m which was suspended an ixnn 
of irystals of this salt was an unsuitable ilectiolyte 
and ono of the principal tausfs why the mdnatums of 
the Clark cell varied oonsukrably with the temperature 
It is true that this could be obviatid by placing the m U 
in a bath of constant temperature But this involves 
new difficulties due to the proper determination of the 
real temperature Furthermore there is alway * a lag 
m the indication* du, to the fact that at varying tom 
peretures it require* a lertain tune lx fore the si lu linn 
of tin salt has adjusted itself to th, c >-cfli, lent of satura¬ 
tion for eat h nt wly acquire d temperature By studying 
the Kjnparativ, behavior (f various salts at drift rent 
temp,returns hi <sjn, toth, lomlusion that cadmium 
sulphate is mm appropriate and this a as one of the 
a,viral im|,rtant improvtimnt* ht mtrxtiued in the 
constru< turn if a new standard of ok* Ire motiv, fore. 
Dr Weston assures nu that ht has mu needed In 
making his alloys to show only a change of ono-inlllu ntb 
for a vanati in of 1 deg Cent rhe rot talk, allova he 
discovered are used practically in nearly all kinds of 
electrical measuring instnimtnti, throughout tht world 
Weston instruments and Wtstim methods are now found 
in all properly equipped labor*tone* and t leelro-i berm, al 
establishments of the world On a reuni trip to Japan 
I saw them in the Umvirsity of Toloo as well as in tht 
Japanese war museum when their battered remains 
attested that the Russians used thtm on then captured 
battleships 1 have worked m several laboratonts in 
Europe equipped with instruincuts raid to be just as 
good as thorn of Weston but in most Instant re tbty 
wen mutations of Weston instruments and it was sigm 
Scant that they kept at least one Weston instnumnt to 
he used to eormt and compare then national product 


Long Rdaltorced Courete Bodges 
a* is macro coocrot* ta so rapidly coming into general 
use that some figure* relating to bridges of consider 
able star of this construction are of unusual tnterrat 
According to recent statements the Walnut Ijim Bridge, 
at P hil a de lph i a, has a span of 381 fret, at Grafton New 
Zealand then ta a bridge with a span of SO flwt 
over the Tibet, at Rome «3S fast, at Largwsls. ftwttsxr- 
lnd, 880 fret, and the proposed bridge over Hpnytra 
D*i* Cheek, Mew Tet*. TOfi tat, 
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The Gas from Blast Furnaces—If 

Its Cleaning and Utilization 
By J E Johnson, Jr 

( nntinued from SurNTint American Scmmourc No 2046, Page 90, February 0, Wl0 

With thin Introduction 1 cannot do tatter than quote nrdy and the Dyfabe A description of the BraeecrU la separated fat a atmOer gammer <n that meatititol 
exUnaively rrom Mr Forbes a paper aa follow* Witting whlrier and of the Dybbe whaler will illustrate the rtcaeription of (be Iha^titTHtllm wraft 

dust content in aa* the general principles of tin* type of steelier praua tnBpian 

The gas leaving the usual dust-catcher contain* an BiusuwT-wiTTura whtslsb In tide whlrier, as in oust gt tigp* types, 1t|f tmslja 

antra** of from d to 4 grams of dual per oubio foot A* shown In Figs A and 6, the Draaeert-Wlttfng tlon ts Seoumpbahed by ~r»Hrrt IwitiiftifllM fWM Wl 
and its further cleaning la no* omplish* d in one or two whlrier oonsute of a vertical outer cylindrical easing A the action of gravity One sf tbS priutipal ftototojftotil 

principal star* depending on the ultimate use of the and aa inner Inverted tube B which at its upper ends this particular whutar la the sfrangno—t ha 
gas namily primary (leaning sail Anal (leaning In is mtergral with the gas main C which takss the das usd seperater of the and «H op«dag» Jk tith- 

primary cleaning the gas U sufficiently cleaned for gas away from the apparatus This Inverted tube is itantUHy the same boctamtal {plane obviating Ifte 
economical use in heating hot Mast stove e and for raising flared at its lower end D a number of iron or steel hart necessity of the gas otumgbig its direction of Ae-p sd 
nt* am in boil* r* it has he* n found that the hi *t n suit* A are fastened vertically around the chamber t and ex a sharp angle 

an obtained when th* dust oont* nt of llu gas afltr Unci from a point well above the lower edge of the flared Described m general Vanns, this atparMCt oCOetotS <Ji 
ell aning do* s n it * x<«<1 0 i grain pi r cubic fo it In end D of the pip* to a point srell below the lowrr edge a sfsrai conduit the lower optt edgM of wMah oomgert 
ilnal ileamng th* gae Is sufficient Iv cleaned for use in id this pipe In the lower part of the chamber f is with the dust-eoUeettng ohamber The gas la into* 
gas * ngim s and in the* cane the hist practu e has ro- placed a * one (7 who h allows the separated dust to dueed tangentially and follow* a Spiral cOunA toward 
suited when I hi dust iimUnl of th* gas afUr (leaning enter the outlet pipe the central axis of ths apparatus the *pfail gorifflflt 

does not exoeod 0008 gram piriubie foot The gas enters the apparatus tangentially through being increased In area before the gaa antes* ths amtM 



Figs. S and <—Vertical and herisontal sections tigs 7 aad 8 —Vertical and hariioatal sections of Figs. I mad 18—Vortical and ksrisaaUl aedfeaa af 
•f Rraaaert Witting whlrier Braaaert modi lest Ion of Braaasrt Witttag wUrlar Braaatrt sscdlflrstlon nf Braeosrt Witting widrleT. 


Various ivstems and method* am < mployetl for an 
eompbshing the desired result* In modem practice 
the gas leaving the blaet furas*c is in practually all 
cases oondueted through down-iomer mains and then 
through a dust-oateher nf large caps* ily and in s ime 
* sacs through two such dust-oatohere in senes A con 
sidemblo proportion of the heavier dust is depuaud 
at this stags From the duat-eatoher the gaa passm to 
the additional cleaning apparatus through gaa mains 
usually equipped with down take* and valves for ths 
removal of the deposited dust Th* mod* of treatment 
from this point on vanes lonsiderably according to (he 
•pinions of the operators as to the respective mints 
of various systems 

PUimsr DRV < LEANING 


For primary cleaning a separatum of tho dust with 
out the use of wat* p in othtr w irds dry cleaning 
has been m favor at many plants on account of the 
ability to thus conserve the smalble heat of the gas 
which is lost when water is used The fact however 
should not be lust sight of that the benefit denved from 
the sensiMt heat of the dry-cleaned gaa u largely dts- 
ounted by the amount of water vapor m the gaa This 
is espe* tally the owe with gas from blast furnaces oper¬ 
ating with a high top hmperature and using ores and 
•ok* containing muih moisture everting other free or 
herauaU} combined the water vapor affects tho nffi 
< ii n*y of the (ombuatum of the gaa 
An additional bnftiflt of dry cleaning bes m ths 
greater facility to Ultr and handle the Sue dust in 
the dry state than jp the form of mud or slime m the 
wit <leaning pfMMw" Aa before stated the bang 
print iplm in prison ally all of these dry-cleaning ava¬ 
ls ms ritpoida upon a ihange m the direolton of the gas 
a mlurtlon m its velocity and thi separation of the 
dust by gravity pnd ocntnfugal force The various 
modlfh attugg by which this separatum of dust is ao- 
oompbslgjri are all evolved from the so-called cyclone 
processes developed in Germany about JO years ago 
Home of these systems recently developed In tbs Uttftql 



the flue H and is given a rotary whirling mo toon through 
the annular spam between the pipe B and the wall of 
the * ham her A On coming in oontai t with the bars B 
(hi dust is caught In the channels between these ban and 
is h* Id In position by the * ambuted action of centrifugal 
for* * and fri* tlon As the gas continue* to rotate within 
the annular spaces above mentioned its velocity Is 
gradually Increased by the action of the flared sod of the 
reviving pipe until when it reaches the lower edge of 
the end its velocity is at a m a ximum On pasting 
below this edge the velocity Is constantly decreased the 
direction of the gas Is a hanged and It passe* upwardly 
through the flared end of the pipe to the outgoing gw 

The dust which has been caught tn the aliaunale be¬ 
tween the baffle ban drops vertically into the bottom of 
the chamber past the eons 0 and into the outlet pipe, 
whence it is removed aa desired 
Baassaar MODimoanoit» or b assn rt-witting wamn 

In the Braaaert modification* of the Bresaert-Witting 
whiriir a • hatch of which la shown m Fig 7, ths lower 
portion of ff of the casing Is larger m diameter than ths 
uppsr portion B and Is provided with a aeries of ht- 
wardly projecting baffle plates F The lower portion 
<7 of ths eating 8 Is eone-shapod and eoMtitntse tits 
dust-receiving chamber In ths bottom of this obtuo- 
ber la a cone B whose function Is to doeet the dust 
towvd the periphery of the dust outlet jape Within 
the chamber 1 another cone J is located and thts sons 
is provided with a series of baffles, whieh are amagud 
as shown m Tiff 8. 

In Fig 9 vMeh to * further modification, a spoil 
L is provided for the pur pose of dtreetiqg the flaw of 
th* gas The lower sad of the outlet pipe to made her- 
ret-ehaped The ouW* wing M in Its lowrr portion N 
is supplied with the beffles 0 whx*. iaatsnd of bring 
moon ted on tlm owing are bent Inwardly the re fr o m, 
thus forming tbs apertures j» (Fig JO) ,Tbs aaatidtt 
•V of th* resrng is metosed by aa enter eating, ^ tfcu 
forming the annular ehmnbar ff, in whM partttiaaf 8 
are pineed to prevent wMtttaffof (toegas,* 

tte fw to tatrodwmj m ***** mi ft* *m 


chamber prior to its exit from ths apparatus 

The dust is separated from the gas by centrifugal 
foree and gravity, and falls thtoqgft the lower open 
edges of the spiral Into the durt-oolVwtmg chamber 
The oentral chamber is provided with a small opening 
at its lower end end soaaeets with the hmsnnest spiral 
of the spiral conduit 

In the aeeompanymg sketches, Fig 11 to a vwttoa t 
■eotioa through the Dyblie whlrier and Fw li m a 
horisantal section. The gas entire tiittsntletly team 
the gas mam through ths opening A hi ths shall of the 
eastng, the gaa Impinges upon ths first turn of the 












Flf. 11^-OWpMM spray Uww 

ipif*l M and follow* die tarn* of the (piral A separa¬ 
tion of dart fma the pi doom* through oentiifugti 
tam, tire particles o t groeteat apemflo gravity being 
thrown outwardly «nd faffing by gravity to the bottom 
of tb* owing. At the point O an mcroaaed ana t* 
proTtdfd between the apiral and the central chamber 
vrUah reuses a deoreaae ha the velocity of the gaa thus 
aOowtef a further s e pa rati on 
Tte tale! A and the outlet D axe in substantially the 
MOU plane and tide pennlta the ie pan ted 

material to drop oat of the wbriug gae and prevernU 
Ita bring caught op in the tortax which happen* when 
a tndden chal^a tn the direction of the flow of the gaa 

A dedeotor B boated at one edga of the opening 1# 
provided Tina la in the ahape of a hook which aota 
to catch any dual which might be named into the casing 
and tide complete, the .operating operation 

mm» on amomror or dbt olbaminu 
It ha* been datnoMirated in praetiee (bat dry clean¬ 
ing by anyone of the ayatema ao far referred to oannot 
b* (lepeadad upon by itatif to continuously olean the 
gga from blast furnace* drag nmoh fine ore to the de¬ 
gree datind for naa la atovaa and und* boibra tha 
■mount of dart nmuunire fat the gaa ranging from 1 
to 8 grate* par cubic foot dtpre dln g on the working of 
die btert furnace. Buck system* have a value bow 
ever hi (amoving by aanple apparatus and at prao- 
titally no operating aapanre a certain proportion of the 
teat, aad to d*mMUC the duty upon any appeiatu* 



and dean tho gaa to the proper degree for uae in hot- 
blait itoyed under boilers and for dmllar pnrpoees 
A fan waaher into whioh water 11 introduced u fre¬ 
quently used aa ao auxiliary to the Zechoeke tower, for 
primary deaning eapodaily when tha scrubbing capa¬ 
city of tho towers Is small 

A water separator equipped with internal baffles u 
anally located beyond the washer to allow separation of 
the entrained water 

Zaohooka washers are used considerably in the United 
flutes and some additional systema have also been 
developed hoe for the wet separation of dust for in 
stance tho Duquosne spray tower and the fltetnbart 
spray tower The baste principle of these spray towers 
consists of the creation of a rain or apray by means 
cl suitably arranged noxtiea and tha gas is cleaned and 
cooled ra passing through this spray 

DUQuaswa uut Towns 

The Duquaane tower oonsists of a shell about 80 foot 
high by 12 feet m diameter As shown in Fig 18 the 
tower contains live seU of double screens the sets be¬ 
ing spaced 6 feet 10 hashes apart Under the first set of 
screens are distributed seven nosales the feed water 
for which is controlled by a valve outside the tower 
Under the fifth sot of screens seven similar noxrle* 
alao controlled by a valve outside the tower are dis¬ 
tributed just above the range of the lower noetic* 

The controlling valves have a revolving oore which 



successively blocks off the opening to the different 
notalea thereby tempi tardy stopping the flow of water 
end creating an area if 1 >w pressure directly above tho 
runtie When the oore has passed Uh flow of water 
resumes through this nortie and sprays the gaa which 
has reached this point Tho owo is revolved elontnoally 
at the rate of about II revolutions per minute and a 
6 horse-power motor is ample to operate four valves 
whioh are sufficient for two tower* 

The screens whioh are placed above the nossles 
break up the water Into fine drops permitting intimate 
oontaet of ti e gat and water 
In the operation of them towers at Duquosne the 
gas runs through the scrubber at the rate of 4 feet per 
seoond and the water at the rate f hO feet per second 
with a bead tf 36 pounds main pressure The gaa is 
cooled down very effectively the temperature of the 
outgoing gas being only from 6 deg to 8 deg Fehr 
above the temperature of tho incoming watir while the 
moisture content averages only about 0 6 gram per ouMe 
foot above the saturation point at the temperature of tha 


The Bum gas washer aa shown m Wgs It and 16 
KmsMts of a stationary honsontal steel cylinder through 
whi h the gas pun fn m one end to the other In 
side the cylinder there slowly revolves a shaft which 
carries a number of vertical disks consisting of wire 
netting of fine mesh The diameter of these disk* la 
very sbghtly leas than the inside diameter of the cylinder 
and this arrangement ncooasiUtes the gas pass in g 
through the openings in the screens aa it travels through 
the apparatus The screen* to the extent of nearly 
half their diameter dip into the water oontained in a 
trough upon which the open bottom of the oyelmder 
mat* and aa the shaft revolve* the part of the screens 
whioh has been immersed rises from the water with Urn 
meshes covered with thin films of water thus allowing 
thorough oontaet with the gaa aa it passes through the 
perforation* 

FINAL WIT Cl BAKING 

(Some of these system* nan also be applied to pri¬ 
mary deaning) 

The amount of oteenmg aroompluhad hi Zseboeka and 
similar tower* and In the Btan washer while retisfae- 
tory for stoves and botlsra was found to bo not suffl 
dent when the gaa was destined for uae in gaa enginaa 
and the systems of Theuen and Sohiele were developed 
for this purpose 

inaiBSN GAS WASHBB 

The Theuen washer as shown in Figs 16 and 17 
consists of a easing lined with a special wire netting 
within which revolve* at high speed a drum carrying 
numerous fan blades act at oblique angle* to the axis 
of rotation there blade* or vanes balng re fitted that 
they form a continuous apiral curve This allows the 
gaa to be drawn in at on* end of tha casing and expelled 
at the other end Water a admitted at the tide of the 
oasing and is eonvreted into a fine spray by the revohf 
tore at tha bladw, and tea spiral ananfamant of there 
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blade* tuiM the spray tu flow In the opposite direction 
to the gas, -which p a— c s through this spray, being tlmui- 
tanoously cleaned and oooled. The dirty water leave* 
the ap para tut by a water *eal at the bottom. 

The Tbeieen and Schiele lyitem* of Anal wet clean¬ 
ing have for yean given very satisfactory reaulta, but 
an now being gradually tu period ed by tyitomt requir¬ 
ing leu capital expenditure and leu operating oxpotuo 
Moat of thaac ayitema can be ueed for primary cleaning 
aa well aa fur final cleaning, by installing in two stage*. 
The moat important of the wet cleaning system* which 
perform a* efficient cleaning with the consumption of 
mneli leu power and water Ilian tile Theison and Hohiolo 
systems, are the disintegrator system of Theiaen, the 
disintegrator system of Schwarx-Bayer, the Fowler & 
Medley rotary washer, and the Feld rotary washer, while 
the Halberger-Belh dry cleaning system of filtration 
through canvas Is remarkably efficient in cleaning and is 
cheap to operate. Following is a detailed description 
of each of the systems mentioned, together with several 
other modern systems: 

THK 1 BEM DISINTBOUATOB (IAS WAHHKB. 

There are two styles of Theiwm disintegrator gas 
washer*. One style consist* of a easing in which the 
gas enter* by two aperture* at the Inst) of the appa¬ 
ratus and is washed by a spray of water in a perforated 
drum or cage equipped with vanoa, the drum revolving 
within a stationary drum, the gas being drawn through 
the apparatus by a fan mounted on the same sliaft 
and discharged with the neeesaary pressure to carry it 
to tho point of consumption. The second style also 
has the fan mounted on the shaft, but the fan is lucloscd 
within the disintegrator. 

The Theisen disintegrator consists of a series of rotary 
and stationary perforated drums or cogue arranged 
ooneontriuaUy within ono another, os shown In Fig. 
18. The stationary drums consists of round bam and 
the revolving ono* of angle bam. Tho hot raw gas 
enters the apparatus at the bottom, meets the otUuenl 
water and undergoes a preliminary (sailing and elean- 
ing in the lower part of the machine. The gas is drawn 
in ecrunter-current through thu series of rotary and 
stationary drums by means of a fan. The water is 
converted into a fine spray by the centrifugal action 
of the rotating drums, and the gas, passing through 
this spray, 1* cleaned. The fan Is located in the same 
oaring and on the same shaft as the rotary disintegrating 
drums, tho shaft being direct motor driven. Fresh 
water la introduood into tho innermost rotating drums 
in the form of a finely divided spray. 

The cooling and cleaning of the gas and production 
of the pressure neoeasary to conduct the clean gas to 
It* point of consumption are all performed in uue apiuv- 
ratua and with one motor. It is stated that this dis¬ 
integrator la an impruvument over the furmor Theism 
apparatus, requiring much loss power and water, and 
performing the neoeasary cleaning of the gas witlmut 
preliminary towers. 

(To be ounduded.) 

“Twilight Sleep” In the Light of Day 

Hour very excellent lay iuuimrIihm, mid houio equally 
good professional ones, have Item taking somewhat «i>- 
isadto sides In a discussion of "painless childbirth," ac¬ 
cording to rules laid down by lint Krocnlg uud Gauss, 
liliysldans-ln-cbsrge of the mulcrnlly clinic, Baden Uni¬ 
versity, Freiburg, Germany, 

Thu treatment Is practically nil ndaptntlou to obstet¬ 
rics of Crile’s snucl association, that Is, It Is partly 
iwyrhologte and partly tlie sduilnlslrntlon of drugs to 
the imint of semt-naremds with the ulai of eliminating 
the memory of pain. 

Absolute quiet and very soft light In the lylng-tn 
chamber Is Insisted upon. One Hypodermatic Injection 
oT narknpbeu, which la claimed to be less toxic than 
morphln, Is given, and an hour liter a first Injection of 
Mco|Mjlatulu Into tlie muscles of tlie lumbar region. Hmnll 
doses of scojiolamln arc repeated at lutorvols, ncconl- 
Ing lo the length of the lslmr, usually about five dime* 
Is'lng given. Advocate* of tlm niethod claim remark- 
able results. A few lustltutbais which are properly 
equipped for the work In the United States have gtveu 
It sufficient trial to demoustrale that "twilight sleep” 
does act to abolish memory of iatln and ntsy ls> prac- 
tlsed without marked danger to mother or child, but 
only vrWk every hutltutkmal yrcmntlvn. Gentlemen 
win) have tried out the Gorman tochulc do not recoin- 
tpersl It aa a safe procedure under the usual conditions 
<if a general ubstetric practice. Excupt for the abolition 
of the memory of pain, and as a luxury to women In 
confinement there Is, thus far, no sustained claim that 
the method presents any tangible advantages In the 
average ipse of obstetrics. 

On tbe other hand, opponents are severe In their 
condemnation, claiming danger of tbe child being 
asphyxiated, prolongation of labor, and exosaatvs hemor¬ 


rhage. Ilut perhaps tbe quarto* of medical ethics In¬ 
volved os regards the Uad of publicity employed la 
exploiting the method had. some bearing upon opinion 
rather sharply expressed. 

Despite the fact that medical Journals generally were 
quick to denounce the methods of Kroonlg and Oates, 
the same Journals were equally prompt hi commending 
the made-ln-Amerloa “twilight sleep,' 1 as recommended 
to be placed In the I lands of every doctor who cares to 
purchase tablets of morphia and hyosetn. 

Now, despite many unfavorable reports upoa morphln 
nnd hyosdn In labor—the Journals were full of it a few 
years ago there are many physician* using these drugs 
and claiming good results. They most hare a reason 
for it. Just os others have s resaou against It But 
merely giving morphln and hyosdn la not practicing 
the “twilight sleep 1 ' method; no, not even approximat¬ 
ing itl 

The fact Is that reclHl differences should modify our 
obstetric practice, as women of different races present 
differing problems. No hard aud fast rules can be laid 
down. Home women of neurotic tendencies—pampered, 
petted, unaccustomed to tbe hardn es s es of life—will 
welcome the German technic of ‘twilight sleep.” One 
can readily understand that the method has a legiti¬ 
mate niipllcatlon among a certain class. Also these 
women should he confined In a special Institution, where 
they can va/rly have the halm of “twilight sleep.” And 
one can understand readily enough that thn hard-head¬ 
ed country irtijslclnn sometimes has cases In which 
iinirpliln and hyosetn will serve him and his patient 
True, if lie uses these potent drugs, he should remain 
n longer time with the patient -charging for his time— 
so ns to he ou the safe side, and he should not overdo 
the dosage. Hut he should not bluff. Giving a dose or 
Iwo of morphln and hyosolu Is not "twilight sleep.“ any 
more Uuill the common hut nnscleutlfir custom of giving 
II liyiKslenuatlc dose of moiqihln before aneotbesla la 
"UIMX'I association.” 

And the blunt fact remains that neither “twilight 
sleep" nor the administration of morphln and hyosetn 
In Inlmr Is good practice as a routluo procedure. Most 
women need neither one of them. The obstetrical au¬ 
thorities who are opixsdng these methods are not doing 
so from mere crankiness. 

BimiRsr AND ANSSTFIKIIA. 

There Is a popular demand upon the doctor to “stop 
I his palnl” After all. most of the doses of ns rooties 
we give are gtveu, Dqt.betete* we think, tbs pattest 
needs" the narcotic, but because be will promptly go to 
number doctor If we refuse. This editor may preen 
himself upon his virtue because he polnt-hlank refuses 
u narcotic nine times out of ten It Is asked for, and 
loses practice by the many refusals; but the Scotch 
arc good refuser*, and It may he hluntness more than 
virtue. But whatever It U, It save* many a man and 
woman from themselves. That Is part of a doctor's Job. 

The surgeons are rosponslhlp for much of this erase 
for pnin-stopptng. Incising a boll for a dollar has given 
way to the ten-doHar, local-aueslhesla surgical opera¬ 
tion. "I'ulnless dentists" have the call. Blisters are 
nut of (late, prlnriiwlly liecsuse they hurt. Tbe man 
who Invents "painless vaccination" will have the autl- 
vnivlUHtlonlsts on the run In short order. Women who 
hnve Unlr removed from their faces by the electric 
needle method are now demanding that cocaine first 
Is* niqilled. it Is the pain and anunyais* that keeps 
insuy women from nursing llwlr liable*. Ear-rings 
linvc gone ont principally because It hurts to pierce 
the cars, Men are not a lilt Irntter. Every headache 
must 1 >C “stopped” hy a dose of poison and ws must 
soothe our nerves with several cigars a day. IV ou 
us! We are becoming soft And modern surgery la 
helping along In the eras* for “stopping” pain. 

So, Is It tu be wondered at that women are asking 
why It Is that normal labor Is being made a matter 
of olsltorate eurgtaal technic and without any form of 
nncalhcslu. whereas lu other surgical work she la fully 
ancsthcttiftlT Years ugo, before a labor was regarded 
as s surgical erbda, ether was glren, and we are being 
asked why lls us* was nearly sbsndoned In the lylng-ln 

nut pliysh'lnns know the danger of seml-aoeothesU. 
Maybe we have exaggerated these dangers. Certainly 
we hnve devised no way to overcome them. And yet It 
would seem that. In the supreme erbd* of a woman’s 
life, there ikosM he a way. Let us try to Audit. "Twi¬ 
light sleet)" m«y he a beginning. Bo, Inateed of de- 
nonnclng It, let us try to find oat Its weakness. Per¬ 
sonally disappointed In all methods of a ttest t es l a or 
semi-anesthesia we have employtd in labor, and not at 
all Inclined to view hyoedn favorably, yat we <M that 
« tray should be found, even if It la simply some modi- 
ftcaUoo of or improvement upon p rsai h t methods. 
Meanwhile, let us be charitable to tho pkyatctuf who 
advocate “twilight sleep" and hycada. If w* dtaoom 
•one better way, thm our coadsa n a tV gi wtU come with 


But a few general ecswUmtifias most not be «*- 
gotten. If wo are to retain our regard for the well¬ 
being of the race at large, we will not allow ouraetvm 
to be swept off our feet by the ultra-modsro fear of 
pain and tho craae for harcottea. Bex consideration is 
admlrablt in Its way; but child-bearing la not a matter 
of ordinary sex consideration, because tho raoe, not 
merely the female sex, la moat vitally Involved in ft 

Of course, it la a trial for women to face child-bear¬ 
ing and Its pains. Every proper effort should be made 
to mitigate these trials. But if eugenic* means any¬ 
thing vital to the modern women, she will not act the 
coward and menace the safe conduct of tbs Important 
function of child-bearing. 8he will seek for a remedy, 
hut she will also face the Issue whether a remedy la 
found or opt 

Fsstesiitf Metals to Marble 

A com tier for fastening metal parts to marble, as In 
the case of an electrical switchboard, which should bo 
moat useful, la given In the American Maohtattt, It 
consists of thirty parts plaster of parts, tan parts of 
Iron filings, and half a part of sal-ammoniac. These 
materials are Intimately mixed and then acetic acid la 
added to make a thin paste, which must be need lmme- 
dUtriy after mixing . 

Wa wish to call attention to the tea that wa are In a 
portion to render competent services In every branch 
of patent or trade-mark work. Our staff la composed 
of mechanical, electrical and chemical experts, thor¬ 
oughly trained to prepare and prosecute all patent ap¬ 
plications, ^respective of the complex nature of tlie 
subject matter Involved, or of the spedaliaed, technical, 
or scientific knowledge required therefor. 

We also have assodatee throughout the world, who 
assist in the prosecution of patent end trade-mark ap¬ 
plications filed In all countries foreign to the United 
States. 
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301 Broadway, 
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Aeronautics and the War* 


A Review of What Aeroplanes Have Done and of Their Development During the Year 


Sour time In the future—In the near future, we hope 
—It will be possible to review the aeronautical activity 
liHiuceci by the wur us u whole, and to comment freely 
upon the fuels then known to us. It la Impossible and 
undesirable to do so at present. With the knowledge 
of what lues been done, as possessed at present, we 
would Is- In some danger of drawing false deductions. 
Kven now, we fear there Is a tendency In some quarters 
to mistake the aim and object of the military aviator, a 
mistake fostered by the tendency of the Press to give 
undue prominence to certain dashing aoroplaue exploits. 

It Is clear enough already that by far the most tm- 
isirtant duty Intrusted to our Dying corps Is tbe collec- 
lion of Information rowvrtiliig the enemy's movements. 
Time aud ugiiln, Sir John French and otliers have paid 
splendid tributes to this aspect of our aviators' work. 
It has been delinltely laid down as a guiding principle 
that tills collection of Information Is to bn the main 
object of the cor|is. Nevertheless. as the lummander- 
In-chlef said In a recent dispatch, almost every day 
new metlusls for em[iloylng the mcmlien), I Kith strategic¬ 
ally ami tnetleally, are being discovered and put into 
practice. Wlutt these new methods are we will no doubt 
learn In good time. Put for tbe present wc must be con¬ 
tent with tbe knowledge that In addition (o collecting 
Information our aviators are endeavoring, very Muccess- 
fully too, to prevent the enpmy's airmen doing like¬ 
wise. As a menus for discovering targets for our artil¬ 
lery and for oWrvliig the range and directing the Are 
generally, they have proved themselves Invaluable. In 
addition. It may be gathered ttiat they are being em¬ 
ployed to discover tho position of our own troops and 
their movements and report accordingly to headquar¬ 
ters. This la, of course, not a very sensational occupa¬ 
tion, hut It is one of the results which cau be of the 
highest Importance, particularly miller modern condi¬ 
tions of warfare. It Is only fair to mention here also 
tin* admirable but wholly unsensallonal iwtrol work 
lliat Is curried on uiuvuslngly round our coasts by aero¬ 
nauts of the naval and military wings. 

While boiabdnipping lias las'll effective against 7sq>- 
pelln slssls, supply mid ammunltliai columns, railway 
Stations used by tho eheiny. and so on. It must not be 
forgotten that the effect Is usually quite local, whereas 
the aerupluim scout may do work affecting the success 
of the whole camiailgii. Other metlusls of rendering the 
aeroplane u means of offence against troops have lioen 
suggested aud tried, one notable ease Is'lug the equlp- 
nient of It with a box containing steel darts for dis¬ 
charge ngainst troops In close formation. We have 
aeen and handled two forms of such darts. In one In¬ 
stance. the missile Is merely a steel pencil, with a por¬ 
tion of Its length fluted by a milling cutter to give It a 
tall. In tbe other case, the dart Is more elaborate, 
consisting of a iniliited ellliisoldal head, a small rod- 
like slmtik and a tall formed of four plane surfaces dis¬ 
puted at right angles. It weighs under 2 ciiiihw, and 
during Its descent probably reuchee lltn limiting ve- 
Ita-lly of «Kl feet to rsjtl fed |*T stssmd, so that Its strlk 
lag energy Is, say, alsint (UK) ftsit-isiuiids, Iteports— 
from (leruiini sources, It Is true- (|lllte discredit tho 
effectiveness of litis we<i|wn. 

As for defence ngitlnst aerial attack or observalua, 
we may tentatively express the opinion that aeroplane 
hi the best reply to ucroplnnc. Hide Ore from the 
ground Is practlcnlly of no avail. M|*x-lal null-aircraft 
gulls have liet'ii usetl and have uu one or two ooeaslona 
siieetaaltsl III bringing down their prey, but wc have 
received no eoneluslve evidence to prove that they are 
mi uiiqiialtHcd success. The aerial duel, romantic as 


seem lo prefer the short service rifle and ttie revolver 
lo any quick-firing gun yet designed or Installed. De¬ 
fence against Zeppelins falls under a different beading. 
The huge target presented and the slower speed prob¬ 
ably render I lie niiM-alromft gun the beat reply, although 
on this |silnt we hare had no real exiierlonce to guide 
ns. Iteports have Urn received on several occasions of 
Zeppelins lielng alliieked liy oeroplaues, aud In at least 
one Instance we were told that the aviator gallantly 
Mncrlflecd Uhl self uml destroyed the enemy’s craft by 
ramming tt One readers should h# alow to accept these 
stories gk true. Indeed, Garros’ exploit was a pure 
lie!Ion. The oi>eration would almost certainly not at¬ 
tain Its desired end In the ease of a Zeppelin or other 
airship possessing n rigid framework and carrying its 
gas lu eight or more separate balloaeta. A math more 


reasonable and leaa wasteful method for carrying oat 
an aeroplane attack on an airship Is clearly Indicated 
lu the Incendiary bomb. 

it 1 b not a little carious to tnru back to-day to the 
“Aviation Memorandum" Issued by tbe War Office In 
April, 1013. This memorandum, It may be recalled, 
delinltely oetabllahcd the ltoyal Flying Corps ou Its pres¬ 
ent basis. Gnu of the moat striking points about It, us 
now seen. Is the extraordinary estimate of the "wast¬ 
age” likely to occur in war time In the ranks of tbe 
corps. Tbe establishment for the expeditionary force 
was tixed at 183 flying officers and non-commissioned 
officers, with mechanics, transport, etc., additional. It 
was assumed that at tbe end of six months’ war the 
wantage would be 100 per cent; that Is to say, that 
the whole of the original force would be out of action. 
It has not, we think, been called attention to before, 
but the fail Is tlwl thp casualties among the Royal 
Flying Coriw have been remarkably low. We have 
Dow been ut war for Are months, and as correctly ns we 
call discover our casualties have been us follows: 

Army : Killed by tbe enemy. 4 

Killed aceidentaHy . 2 

Missing and prisoners . 5 

Wounded . 0 


In addition tbe naval nlr service lost two killed 
aud three wonuded when H. M. H. "Hermes'' was sunk 
and suffered four wounded In transport and armored 
motor i-ar work In Helglum. Uountbig all sources, 
therefore, tho army has lost six and the navy neveu 
of Its airmen or mechanics. We do not know what 
the total aerial force attached to the British army or 
nary now Is, lint the aazetitu have shown us that 
since the war began tho ranks have been enormously 
Increased. Wo may doubt, therefore, If the casualties 
have amounted lu more than 3 or 3 per cent. The 
llgura Is certainly very much smaller than that for 
the other branches of the army, so that It appears that 
the nlr oervlee during war time la ono of the safest to 
lie In. nils rcmnrkiTrtv atld significant deduction Is, 
we may add. eounniicd by the reports of some of our 
aviators, who frankly admit that from tho point of 
view of safely they distinctly prefer flying to occupying 
a place In the trenches. Knowing all that they have 
done, their arduous duties, their daring exploits, could 
there lo? n liner testimony than thin to the excellent 
construction of our macldues and Lbe skill with which 
they are bandied I 

III the saino memorandum as nlwve referred to some 
hesitation was manlfreted In assigning a detlnlto rtlo 
to the uuval aenqilane and tbe organisation was left 
corntqNiiidlngly elastic. Since then wo have programed 
considerably. Seaplanes have lieen rapidly developed, 
and wo have now a Naval Air Service tliat has been 
evolved along urguhlxed lines from the old naval wing 
of the Royal Flying dorpa. Nevertheless the seaplane 
or hydro-aeroplane has not taken—or rather, has not 
been announced os having taken—any conspicuous part 
In the war so far. 1 This Is almost certainly doe to the 
fact that opportunity to do so has been lacking. Dur¬ 
ing the transport of the expeditionary force to France 
In August airships and aeroplurw*—presumably sea¬ 
planes—kept watch and ward over the Channel for the 
approach of hostile craft It Is possible, too, that tbe 
aircraft that directed our monitors' fire against tbe 
German right imi Ute Belgian rtnst Included some set- 
pianee. Beyond this we have heard of nothing being 
doue with these croft, although, of course, our seaplane 
toises round the coast have without doubt been engaged 
on useful petrol and other work. Our naval aviator* 
hare not, however, been Idle. They have found a con¬ 
genial occupation piloting land machtnaa and armored 
motor cars. The raids on Cologne, Dflmeldorf, and 
Friedrichs ha feu were all conducted by naval airmen. 
Hllll, these facts seem to lend strength only to tbe 
suggestion that the naval aeroplane for strictly nsvaj 
pur|loses luu a much more restricted Held of applica¬ 
tion than Its military sister. Indeed, when we read that 
daring tbe twenty days preceding September 10th our 
military machines made dally an avenge of more than 
nine reconnaliiance flights of over 100 miles each—and 
this may be taken aa an Indication of their activity since 
-the Inactivity of the seaplane seems to amount in 
comparison to something approaching failure. In writ- 

st N*ptu»”ndST b-0 ** ™ r " -T * d **• *•” 


lng thus ws wish to express no final opinion, for we 
arc woll aware that we have not yet heard all that has 
Iswu accomplished by our aircraft and that no final 
Judgment can be pomod ou anything, let alone such a 
highly complex and technical subject as military aud 
naval aeronautics until the war Is well over, 
AUONAunos IS 1914. 

Taking the question of general design, the year ha* 
witnessed several fairly wide departures from ordinary 
practice. Whllo generally standard monoplane and 
biplane construction has become crystallised" around 
a few departures of detail, there are signs that other 
possible type* of flying machine are attracting attention. 
Tlie helicopter Idea, for Instance, la not yet dead, as 
witness Mr. J. R. Porter’s continued activity with his 
direct lifting parachute machine. 

But to coniine attention to machines following the 
aeroplane principle, we may note tbe oonstroctlon at 
the Ponnior Works, In France, of a four-winged mono¬ 
plane. The two palra of wings In this machine are ar¬ 
ranged In tandem, the front pair having a dihedral 
angle between them and securing lateral stability, and 
tho rear pair being vee-sbaped in plan, as In the Dunne 
machine, and securing longitudinal stability. Fitted 
with a 70 horse-power Gnppie engine, this machine, 
under tret at It holms. Is uglil easily to have lifted a 
useful weight of 1.400 pound*. 

As Is well known, Mr. A. V. Hoe and some other* 
lu the early days spent considerable time experiment¬ 
ing with trlplanes. Although complete failure illd not 
result, at least lu Mr. Roe's case, the hies was generally 
alwndoncd. It la difficult at the liest of times even 
now to combine structural strength In n biplane with 
non-iiitcrfereiH-o of one wing up tlie other. Htlll more 
so must It lie In the trlpiane. Yet as the load* to be 
carried Increase a time will soon come when the biplane 
formation will ramlt In an Impracticably great span 
and resort will have to be made for purely construc¬ 
tional reasons to the trlpiane or ether formation. It 
Is therefore Interesting to note that a successful triplane 
mnchlnc has been demonstrated during tbe year. This 
Is the Ruler bydro-Lrlplanp or flying boat, manufac¬ 
tured nt Frankfort-on-Mabi. The top plane of this ma¬ 
chine lia* a H|iau of 4tt feet, the middle of 33 feet, and 
tlie lower of 20 feet The three planes, to avoid Inter- 
ference, are very much staggered, the top plane con¬ 
siderably overshooting tho middle and the middle the 
lower. The machine Is propelled by a 100 horse-power 
Unotne engine. Wc have no record of Its performance. 

While discussing type variations an historically Inter¬ 
esting fact may be noted. On May Oth. 1886, Prof. 8. 
F. Isrogley of the Smithsonian Institute, Washington, 
had the satisfaction of seeing his model aeroplane flying 
for three qunrters of a mile against a wind. This ma¬ 
chine was of the four-winged monoplane type and was 
propelled by two screws driven by a steam engine weigh¬ 
ing 0% pounds per horse-power. A subsequent large- 
slwil ropy of this machine, intended to lift a pilot, wa* 
constructed, but fulled. During tlw post year an exact 
duplicate of this machine ns preserved at the Hmttb- 
sonlan museum was constructed and lltb-d with a 90 
horse-power Curtiss motor. With a alight reduction In 
the angle of Incidence of the wings and the addition of 
a hydroplane for starting an American aviator, In 
September, succeeded In flying it nearly 2,000 yards, 
lADgicy's position as a pioneer of flight, sometimes 
dopbted. has thus definitely been established. 

Wring the development of type fur tbe development 
of detail, we can touch only upon one point, namely, 
the vexed question of stability. The progress made In 
till* direction has not been as great *■ we should like 
to see.' It Is undoubted that so far as automata? sta¬ 
bility Is concerned, there Is a prejudice against It among 
pilots, and that this prejudice to hindering progress, 
They object; it seems, to carrying more machinery'than 
til Absolutely necessary, and looking at acme of tbe 
complicated tod delicate devices which have'been pro¬ 
posed for attaining automatic stability, onr gynqmthtta 
are entirely with them. They maintain, too, thftt no 
device yet proponed secures stability under ill cod^l- 
Horn, and that at times, notably when landing, the 
stability must be under the direct personal control ** 
tbe aviator, with tbs Intervention of the lesit possible 
amount of machinery. 

The Sperry gyroscopic *tablitting device baa already 
been d es cribe d In thess pages, and may be taken-ae 
typical of many proposals. Bqually typical of another 
dam la tho Wright system, to which mot* attention luu 
been directed during tlw year. In this tbs centra!* 
are amagod to ba operated by a amapterood nlr nfrr. 
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The action of this motor la In turn controlled by a vano corrected, and to keep swinging when the machine ha* of Inherent stability under certain conditions. The ordl- 
wben the longitudinal stability ta npeet and by a pendu- been righted. In the Wright apparatus an electrical con- nary dihedral angle between the wings of a tnoeblne 
lam when the lateral ateblilty la affected. The uao of tact system la employed to correct these deficiencies. is Intended to secure iiartlally at least Inherent lateral 
a pendulum for thla purpose hae often been proposed, As for Inherent stability, iwogrees toward a com- stability. As a development of Ibis, we now have, ns 
but It la unsatisfactory because of the teudency of the pletoly sstlsfHctory solution Is still In the experimental In the Curtiss system, u shiblllalng disk, with Its Intenil 
pendulum to ewtng to 1U maximum amplitude lnde- ami mathemHtlcal stage, although, of course, there are edges turned up. mounted well above the upper main 
petulantly of the magnitude of the displacement to be many machines In existence which give a fair degree plane. 

The Making of Large Guns 


Some Details and Methods of Constructing Modern Weapons 


Thru has been ao much In the dally news reports 
about the “big funs” and what they do, that there Is a 
natural curiosity among a large element of the commu¬ 
nity to know how these remarkable weapons of modern 
warfare are constructed. To such the following descrip¬ 
tion of the methods of procedure In building of hlg guns 
III England, which we find In the Engineering Hupple- 
meut of the Ixsidon Timet, will be of Interest. 

From the point of view of the machinist the manu¬ 
facture of ordnance has three aspect*—the largo nmn- 
la>rs required, the peculiar and special shapes of many 
IKirtlons, and the exceedingly tine degree of accuracy 
which Is absolutely essential. The large nunils-r* re¬ 
quired affect th« methods of manufacture adopted. 
There Is, of coarse, an Immense difference betweeu the 
numbers In which the smaller artillery and the rela¬ 
tively few hlg naval guns are bnllt. between soy, the 
Maxims and the 12-luoh or the 16-Inch guns. Yet for 
hII nllke the shop methods adopted are those which arc 
now generally recognised as processes In which Jigging 
and gaging are essential. When In war a piece of artil¬ 
lery Is thrown out of action by the remuval nr dsmnge 
nf some essential part, II Is of the first Importance that 
It shall be renewable without the help of tho skilled 
luifltanle. This Involves a degree of refinement In 
measurement which exceeds even that adopted In ordi¬ 
nary engineering works. The highest grade of Inter- 
cluingeahle practice Is therefore essential to Insure the 
heat results: and all the methods which arc available 
In secure those results are freely used—Jigs, special 
drills, boring tools, reamers, cutlers, and gages anil 
micrometers. Even when parts have to be finished by 
tut ltd they are cheeked and tested by means of fixed 
gages. Any isirt of any one type and slue of artillery 
will then take Us place In any Individual of that type 
nisi slae. 

Again, the liecullar and special shapes of many por¬ 
tion* have been the cause of the design of uisuy special 
machine tools which are used for no other purismes and 
thp details of which are not iiermltlcd to be published. 
1‘reliably one half the (nils are either of this character 
or else they are staudanl designs greatly modified. In 
many cases two or more oiieratlons are done on the 
some piece slmullsneously The accuracy required In¬ 
volves not only the Jigging nnd gaging already noted, 
lint also a moot elaliorate system of testing before Die 




Fig. I.- (Upper) Gan built up of steal tubes. Fig. 2.—(Lower) Wire-wound gua. 


done mi other machines, the beds of which arc long ci inquired with the component parts of the gun mount- 

enough to permit of boring from each end slmultu- lug*. Excepting In their proportions and dimensions 

netmaly. Similar operations are performed ou the gun and the differences lu wire-winding anil building up 

tulles and the Jackets, but <at different machines, each without wire there la no esaeullal difference betweeu 

of a length and height of centers suited to the imrtlcu- Die small and the largo gun tubes. All are built up, all 

lar work put upon It. In some machines two tuhes wilt are breech-loaders. But the mountings ore totally un¬ 
is- bored alinullnnenutdy. All luiportunt operation fol- like In laud artillery and naval ordnanec, and In small 

lows, that of hardening or tempering lu a bulli nf oil. uud large guns. In a Maxim there are about 2tHI sepa- 

The resulUng luirdness nnd tensile strength Imve to pass rate ports, entailing about 660 distinct o|iciutlulis done 

strict specified tests before any more work Is done. nn machines, apart from the fitting. For Die 0.1103 

Maxim about 060 gages are used and the luiris- all lu- 
wibe-winmno. liTrhiiugoablc—are within the limit of l/.'i.lNNMh part 

From Ibis stage Die guns are constructed nn one of of an Inch. Ou a (Much gun (here are about mo parts 

Die two aysleuis named, that of plain tubes and Jackets, lu the mechanism of the breech alone. The work on 

and that of luls-u wound with wire before the Jackets ibe pom-pom gun Involves about 770 operations by iuu- 



dntihlp the tensile strength of that la the tubes. The 
dimeultlm of shrinking on tabes to secure uniform 
stress, oven though they are divided np Into compara¬ 
tively short lengths, are greater than those of winding 
wire. If Ibe tube should crack or develop a fault It 
muy still be fired. In the event of an explosion or a 
shell In the tube the wire winding will prevent grave 
disaster. A faulty tube can be more readily replaced 
When wire-wound than when the gun I* built up aoltdly. 
The illustrations give sections through the two types of 
■UUD. The solid gun la seen to be bnllt up of tubes 
wholly. These are dearly shown, and the Jacket, each 
<s>e shrunk on Its predeoemor. In the wire-wound gun 
there may be one or two tubes over which the wire Is 
wound, and the Jacket tubes are shrunk over the wire. 
A bush for the breech plug la screwed Into the rear end, 
which is also reinforced by a breech ring outside. 
Wontsaa ana*irons. 

11m enormous strisqM endured by the built-up guns 
wnqM not be peosfible bat for the extrema can oxer- 
gtre* la tte preptrettoo of the stool end in the bret 


very high, tons to the square Inch. A 12-ineli gun 
requires 117 miles, with n total Wright of nlsuit l.i% 

necessary to remove Inequalities in readiness lo receive 
the Jacket Inlaw, which are bored to ta- slightly smaller 
than (be outside of the wire, so that they may lo> shrunk 
on. In a tube which Is nut wire wound the same process 
Is adopted 

When the Inner tnhe consists or two portions, the 
Inner one Is sllghlly tapered on the exterior and also 
provided with a number of shallow shoulders. The In 
terior of the second lube la liored to correspond with a 
diameter very little lees than that of the one over which 
It has to he shrank. It la then heated slightly aud the 
Inner tube thrust Into It up to the siionMcra. 

As those shrlnklng-on operations hare to be done with 
Ibe guns suspended vertically, very deep pita are neces¬ 
sary, partly sunk Into the ground and partly bnllt np 
about It The beating la effected by gas jeta surround¬ 
ing the Jacket Water tap* are provided for use if re¬ 
quired for cooling. Alter Urn shrinking on la completed 
tb* outside Is aklmmed ever In Urn lathe, and the ma¬ 


ll ic block arc accomplished by Die movements of a sin¬ 
gle lever In Lhc smaller guus, of a handwheel In Die 
larger, by menus or mecbsuUm contained In uud alami 
Ibe block, and this detail Is a vital element In Die quick 
filing of guns, the Imisirtnnce of which Ib well under 
stood In modern warfare. Another usia-ct Is lightness. 
qricK-risiNo anu automatic ouns. 

Alt guns now are quick-firing, but relntlvcl.i few an- 
nutomntle The distinction Is Ihls—In the first Die 
hns-cli Is opened and closed by lever or hand wheel 
with remarkable rapidity, In Die second the energy of 
llm recoil oporales the mechanism. In England lhc 
Maxims hih! the pom-poms arc the examples nr Ibis 
lutlcr group. In these the breech-block is not screwed, 
hut slides In a vertical plane between guides, u spring 
uud a lever operating It alternately. The pom-ismi will 
fire from 280 to 300 rounds a minute. Each shell 
weighs about H4 pounds and bursta lulu a down pieces. 
The Maxim will lire SOO rounds a minute, mid Its pro¬ 
jectile weighs 1 ounce. A 5-lncfa field guu carries a 
100-pound projectile. A 12-Inch naval guu Area nn sio- 
pound shell, a 16-lncb gun one of 1.U60 isiunda. 
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A rescue ear with aides fitted, and a ear for carrying parti for replacement. 


Auxiliary Military Motor Cars 

Various Kinds of Cars That Have Been Developed to Meet Requirements of Armies in the Field 

Tiik Herman army department, In conjunction wlili the vehicles are stationary there la sufficient cooling carried in a central compartment, while the sma ller 

the Ronr.wcrke (laggcugau, have dcslgnisl n uunilier effect for contlnnoua running of the engine. articles are atored In bins on either side of the reticle, 

of lulllinry vehicle* which on nccount of their aprclnl Tlmre I* a motor-driven tank wagon provided for Each bln can be locked, while a apodal device outblw 
utility ere of great Import mice. Those auxiliary motor the trailHport of supplies of fuel, water and oil, ind all trina In any row to bo dosed and locked stmnita- 

enra are kept at the liiatnm disposal of Lhe nriny In the tank therefore la divided Into three compartments. neonaly. 

order thnt In the event of any breakdown of other The front anil rear compartments contain respectively There alio baa been developed another I axillary 

motor vehicles they can Immediately coma to the oil and wrier, the large central chamber being rewired motor vehicle Intended for carrying bodily a 1 car wbidt 

rescue, mid they also nerve to replenish stores of fuel, for gasoline. The gage glaaaea and a gasoline meter may Be temporarily disabled, ttraa preventing Us cap, 

oil oinl water show the amount available In each compartment at any tore by tbs enemy. Tfale vehicle baa an exceptionally 

Their duties abm Include keeping the mllltnry vehl- moment, while pump* are fitted by means of whlcb long wheelbase and frame to taka an extra long plat- 
clee of all classes In permanent working order. Tlieee the content! of each compartment are conveyed through form body fitted with removable sides about 10 Inches 
cars each comprise a liens chassis with each altera- flexible hose pipes to the can requiring replenishment high. These aides are each fitted with a teBiag truss. 

Ilona anil adilltlona aa are required for the special pur- Am shown In an accompanying Dlostratton, another and oan be used to tores ramp* up which a dhebled 
pm* for which each la Intended. Bach machine la motur-drlveo military car bis bean dsalgned intended vehicle can be roiled onto the platform. l mia 
driven by a 44.(10 borae-imwer four-cylinder motor, and for the transport of a complete stock of rcplaocnant ttoa can be psr f oumed with little lose of ttto^ WWf 
extra large radiators are fitted, ao that even when ports Including Urea, Tbs tins and btrgsf parts an rtMue vahiala is prwriW at the ner with d wfijS 
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(driven hr the power of the engine) from which a 
eteel cable la attached to the disabled vehicle. The 
platform of the reacts* car la alao eo equipped that 
a crane can be Installed and utilised for picking up 
n vehicle that may be too seriously disabled to be 
hauled up the ramp as described shore. 

The military workshop car shown In one of the 
Ulostratkma Is of the greatest Importance for the 
keeping In order of aeroplanee, military motor-cycles 
and gnn carriages as well as other motor vehicles. 

As will be noted In the photograph, a complete ontflt 



the chassis Is Installed an entirely Inclosed direct- furnish shelter. A rail fitted round the top of the 
current dynamo with an output of 6.6 kilowatts, and roof furnishes additional storage for material. With 

driven from the gear box of the vehicle by meona of the equipment here ricsrrltied the vurloua tight lug ina- 

a special shaft and clutch. This dynamo supplies chines of the army niny be kept In working condition 

the current to the Individual electric motors fitted to lo the field, wlien wltlmnt such (raveling workshops 


Cecil of the niaelilne tools. The shop Is nlsn electrically much of the military apparatus when once disabled 
lighted. would In- useless or huve to be abandoned. 


The Preserving of Pood Product** 

ItiLuons of dollars Is a lot of money. When invested 
in perishable foodstuffs, the market value of which fluc¬ 
tuates, and onpplylng the mast deneoly populated sec¬ 
tion of this continent, the problem of preserving these 
products Is one of great economic and engineering Im¬ 
portance. Wo will consider only tlie engineering part 
of the problem. 

Bight here, the writer wtahes the rentier to under- 
stand that lo this plant uninterrupted service la para¬ 
mount. To shut down la unthinkable. 

Service Is sold on s guarantee that the temperature 
will not vary more than one degreo. Suppose the plant 
falls only for s short time In summer; then the tom- 

• Tran tn article on the equipment and Methods In the 
I^rgent BefrlsnraUon Hystam, by Charles If. Bromley, In 


lierature risen and hundreds of thousands uf dollars' 
worth of produce may be ruined. The dealer can claim 
damages for his Ions, and there Is always the possibility 
that, should the service fall and the temperature rise 
considerably at a time when the market value of the 
produce la going down, with every Indication that It 
will not rise soon, the dealer might sue, clulmng Injury 
to hla produce, and thus try to recover a Ions or avoid 
nr Impaneling one. Where over 800 customers are served 
ou the street system alone and seventeen large ware¬ 
houses arc filled with perishable goods, as la the ease In 
a large plant In fins Lon, the damages duo Lo service 
Interruptions would he large. 

Service Interruptions are as much tn be feared as III 
electric central-station or railway practice, cither of 
which can drop Its load and pick it up where It dropped 
It. A refrigeration station cannot do this. The mo¬ 
ment service ceaset, the temperature begins to Increase, 


and by the time the plant Is again In service, the tem¬ 
perature may have risen bo high as not only to damage 
the goods, hut—and hero Is the i>olnt-to require hours 
to gel It back lo normal. 

Differing from electric or railway station practice, 
the load Is practically constant -4 hours a day for whole 
seasons. From tho viewpoint of overall station econ¬ 
omy, this may be desirable, but where real estate valum 
are high and the station's capacity ts none too great for 
the maximum demand, the equipment must go Into 
service prepared for n nonstop run of months. Rvery 
fi-atnre of o|»-rations, every detail of design must be 
plHiined to this end, and should uu accident occur, the 
cvlgcnclcs demand that the crew be capable of getting 
tlie machine luck Into service with the least passible 
delay, which means that It must be, to a great degree, 
lndc|>endrtit of outside aid except for very exceptional 


High Explosives in Warfare 


Interesting 


At tho preseut time explosives aro playing such a 
prominent part in (he war that tho Interest and atten¬ 
tion of the most peace-loving cltlum ure necessarily 
aroused by tbs terrible results undoubtedly produced, 
or are more morbidly affected by the talcs of tho allegod 
marvelous effects which are yet to bo experienced. A 
tow notes on the moat Important explosives being used 
In war may therefore be of special Interest Just now. 

The explosives which can be advantageously employed 
In wartere aro by no means tho most powerful which 
the chemist can produce, or which may even lie used In 
civil engineering or mining operations. The military 
high explosive must be sufficiently Insensitive to shock 
to prevent its being exploded when struck by projec¬ 
tiles, or when submitted to the shock of being fired 
from a gun as the charge of shell, else It might prove as 
dangerous to the user at to the enemy. Thus, the nitro¬ 
glycerine class and many other explosives are excluded. 

For many years guncotton, containing a considerable 
amount of moisture, was largely used tor naval and 
military purposes. In the moist state It Is extremely 
safe, but can bo easily detonated when a sraull primer 
of dry guncotton la fired In contact with It. The ex¬ 
plosive effect la great, and U provided an excellent and 
safe explosive tor military mines and purposes of de¬ 
struction, and as a charge for torpedoes. It was not, 
however, salted tor use in shells. 

The Ugh exploalves chiefly being a sad in the present 
war for shed-tUllng are plcrto arid, trinitrotoluol, and 
ammonal. Picric add, with or without the admixture 
of various Ingredients, has been In nso at one time or 
another In most countries uuder the names uf melinite, 
lyddite, ahtmoee powder, etc. TJnUl picric scld enme 
into use, black gunpowder formed practically the only 
explosive used as a bursting charge for shells, and the 
one of picric acid waa a great advance from the destruc¬ 
tive point of view, as lta explosive power was very 
much greater. Picric arid, although snfflriently Insen¬ 
sitive to shock, has the property of readily attacking 
metals and forming piers tea, which are much more son- 
ritlve and liable to explosion. This Involves special 
precautions In dealing with It, and la a disadvantage. 

Ammonal Is a mixture consisting of ammonium 
nitrate, trinitrotoluol, charcoal, and aluminium In lino 
powder. It la very safe, and la more powerful than 
picric arid, but owing to the hygroscopic character of 
ammonium nitrate, lta chief constituent, It has specially 
to ha p ro tecte d from moisture, which reduces and, If In 
lufflotoot quantity, destroy! It* power of explosion. It 
lv largely used by the Austrians. 

Trinitrotoluol Is undoubtedly now the meet widely 
wed high explosive far military purpose! under the 
name of Trotyl" Trltolo," Troll to," Tritol," 'Tri- 
ttfe* and T.N.T," according to the nation nslng It. 

T.N.T.," as It la called In tbs British Barries, has 



Facts Relating to Their Com|)osition 
By W. Murnab 

attained Us iKwllloii by virtue of Its merits. It Is used 
In a state of great purity; It Is chemically stable nnd 
without action on metals. It Is iiimtTerird by wntcr, 
mill can l» fused and run Into shells In Ihe molten state. 
It Is less sensitive to shock than picric uold. Hard 
blocks of statable slxe and slisjie are covered by electro¬ 
plating them with a eoating of cop|>er, which prevents 
tho blocks from being broken and having their edges 
chipped. In this form "T.N.T.” Is used for demolishing 
bridges, etc. Although not quite so itowerful as picric 
add, lta other advantages make It at present iierhsiw 
the best available explosive for military use. 

Tho destructive effect of an explosion Is caused by 
the almost Instantaneous conversion of the solid ex¬ 
plosive Into gases, at a very high tempera I ore, with 
consequent sudden exertion of uu enormous pressure. 
From Ihe purely disruptive point of view, the compo¬ 
sition of the gaa produced Is not necessarily of Impor¬ 
tance, the determining factors being the volume of gas, 
the heat produced, and tbe velocity of detonation 
When, however, au explosion takes place In a confined 
space, then, In addition to the dlsrujrilve or shattering 
damage, tbe components of the gas produced may have 
an Injurious effect on anyone having to breathe It. 

In the case of explosives for use In civil life, as In 
mining work, rare Is taken by adjusting the compos! 
tlon of the explosive that tho gnscs prodneed shall not 
have a deleterious effect on the miner. In military 
operations this consideration does not arise; Indeed, It 
may be maintained the more deadly tbe offoct of tho 
fumes Ihe better. 

Picric arid and T.N.T." are definite chemical IxMlIes, 
but owing tn InsaffldeDcy of oxygen are not completely 
converted Into gas on explosion, a considerable amount 
of carbon being set free. This accounts for the black 
smoke which la seen when these bodies aro exploded. 

In the earlier determinations, when explosives which 
contained Insufficient oxygen for complete oxidation of 
the carbon and hydrogen were fired In a closed bomb, 
and the rcSDlllng gas analysed, It was found that Its 
composition was affected by the density of loading. The 
higher the density of loading the higher the pressure, 
accompanied by Increase of carbonic arid and doc roe so 
of carbonic oxide. Methane, which was absent or only 
In very small quantities at low densities of loading, 
Increased steadily aa tbs pressure Increased. It was, 
however, recognised that the composition of ihe gas so 
found did not ne c es sa rily represent tbe composition at 
the moment of explosion, for tbe analysis was mndo 
some time after and when Ihe gss had cooled. Conse¬ 
quently reaction* had probably been taking place dur¬ 
ing the proceto of cooling, Finally, It was thought that 
the formation of methane was not a real result of ex¬ 
plosion, bat was doe to secondary reactions during the 
cooling stags. The experimental difficulties of catching 
and fixing the gasee at tbe moment of explosion were 
overcome by detonating tbs explosive in its own volume 


and Action 


in u lead or porcelain bomb placed Inside a larger evac¬ 
uated steel bomb. The explosive bad in this way to do 
work In bursting the smaller bomb, and tbe rapidity of 
cooling of tho gas was thus so greatly Increased that 
secondary reactions practically did not take place. 
When fired under those conditions, which correspond 
closely to those whlrh exist when a shell explodes, the 
gases from ammonal, picric arid, and "TJJT,” were 
found to contain only small quantities of motlume. In 
addition to carbonic arid, nitrogen, and hydrogen, am¬ 
monal contained nbout 24 per cent, and plcrio arid and 
"T.N T.” nearly 00 per rent of the poisonous carbonic 
oxide. It Is thus evident lhat where shell* burst In 
confined spaces, in addition to the damage caused me¬ 
chanically, those persons breathing tbe fumes may be 
totally polsmjod or seriously effected physiologically. 

It has been suggested Ibal the Ingredients uf shell 
charges may contain deadly ikjIsous, but It seems Im¬ 
probable Lhat any poison Intentionally added to the con- 
tents of a shell would retain Its toxic properties after 
the shock and heat of explosion. As seen a 1st VC, the 
gases from ibo explosives now In use may be sufilclently 
I>otsonous under certain conditions. 

Tbe subject of explosives seems often to errata n state 
uf credulity, and hi generate extravagance of statement 
on tlie jmrt of the nou-pxiiert wrller rarely effected by 
other matters. The unknown sometimes becomes truly 
nppalllng under his Imaginative pen. Kven Inventors 
have been known lo make wild statements In regard to 
their explosives! One should only accept with very 
msDy grains of salt the sensational statements which 
have appeared In some quarters as to tho weird and 
deadly effects of remit ly invented explosives. It Is 
well, therefore, not to have exaggerated Ideas of tlie 
imwcr of explosives or lo lie unduly scared by the 
threat of explosives dropped from ZepiielltiH. The de¬ 
structive effect of Ihe large charges whlrh can be fired 
from the huge howtlsers used In the present war ts 
Irrrililn. but explosives have tbelr limits. 

While without donht tbe damage done locally from 
the explosion of s iHrgo qnnntlty of any explosive which 
might Im dropped by a Zeppelin wonld lie appalling 
enough, yet, Judging from tho effects of the accidental 
explosion of a couple of tons of nitroglycerine (luring 
manufacture. Its area would be comparatively re¬ 
stricted, nnd the horrifying suggestions mooted of the 
coming total destruction of cities by explosives dropped 
from the sky may be ascribed to the Imagination of the 
over-crednlons. _ 

Winter Wireless News Service to the Magdalen 
Islands,—These islands He In the middle of the Gnlf 
of fit laiwrence, nnd the inhabitants have no mall, and 
hence no newspapers, during the whiter ’ Accordingly 
the Canadian government Is sending a wireless dispatch 
of 800 words weekly to the clergy of the Islnnd, giv¬ 
ing the latest news of the war and otlier eveutn, to be 
c omm u nica ted to tbe Islanders on Sundays. 
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Training for the Municipal Service* 

How Public Business is Conducted Efficiently and Without Waste in German Cities 


mcrce and Industry.'' Much wax the watchword which 
Crown FrLuce Friedrich rmvu to Germany at the In¬ 
auguration of tlw Museum for liuluatrlal Art In Ber¬ 
lin the dny after the treaty of Frankfort, clonlog the 
Franco-Pnixxlan war. 1 And Germany lute conquered In 
commerce end Induatry. One reason for tbti ennqueat 
la that her achoola have adopted In effect the ataudarda 
recently act by the South German Educational Con¬ 
gress: ‘The atate muat aim at tbo diminution of 
imnmerelnl waate by Insuring that nil uccuimtlona, how¬ 
ever mean, ahull lie practiced hy men who bare boon 
trained to do their work scientifically.” After dimin¬ 
ishing waate In the occupation*, German efficiency la 
now doing array with waate In the public'* business due 
to Inadequately trained aud Improperly equipped public 
official* and employee. 

Four factnra may he alngled out aa being reoponelble 
for the tendency toward sustained and thorough, yet 
specialised and practical, preparation for municipal 
aerrlce In Germany. 

The drat of tbeec la the rapid rlae In urban popula 
Gone. In ten year* the population of cities of over 
100,000 Increaaed BO per cent. Half of the German 
puinilathm are now urban resident*. Tbla enormous 
Increase In urban [Mipulatlona meana an lncreaae In 
public functions aaaumed by city government* many 
tlmea greater than the lncreaae In population. Thla 
lncreaae In public functions requires efficiency and train¬ 
ing of public employes. 

Preparation for governmental position* In the atHte 
lina been provided for In the atate universities. Them 
Institutions are under the domination of prnrtlnilly the 
same group of officials that control the state adminis¬ 
tration. Thus, while atnte position* are amply pre- 
imrori for, at least In cortnln or the universities. though 
German unlreraltlaa. like many Amerlenn universities, 
luirn been all too alow In adding courses In tlio political, 
social and ocomunlc m-lenrcn, nrioqunle In prat (S ration 
for tile lilglieat public posltlous, these state Institutions 
do not tend to give the apectalhuitlnn and the nmplinals 
uiain mimlclpal service demanded by urban needs. This 
Inadequate training of municipal officials and employe*, 
with Its n' 1 -ompnnylng lack of prn|ter specialisation 
aud prrqs'r adaptation, caused a demand for Imsl In¬ 
stitutions that would offer the training Decenary and 
adequate for municipal employee. Thle I* the aecoiul 
factor tending toward the creation of municipal col- 
leges fur tlw preparation for municipal service In 
Germany. 

The burgomelater and the (Mid expert advisers In the 
maglslrat were, as a rule, well trained at tho state In- 
stltul Ions, Hut tin special training was provided fur 
the great rank and (lie of city employee, the efficiency 
of whom, after all, decides the skill and utility with 
which the taxpayer's money Is spent. The need for 
I raining well every muutdpal employee, no that there 
will l>e no lost motion through Inadequate preparation 
for positions, |s the third factor leading toward ade¬ 
quate public training for public service In Germany. 

IV fourth factor Ilea In the fact that public service 
Is s recognised profession of dignity and permanence 
In tenure. The oft-repented assertion thst there are 
■o imlltlcs In German city positions Is far from accu¬ 
rate, for In many cities an avowed member of the 
social democratic party could never be ratified for a 
leading city position no matter what bis worth, while 
a conservative of the landed gentry point of view 
would be ratified no matter bow Incomplete bli prepa¬ 
ration. Bet In Germany the provincialism charac¬ 
teristic of so many American dtleo, which brands ex- 
pert* from other cltlea or states aa "outsiders” or 
"allena,” finds no place. The result la tbit a public 
employe with adequate qualifications, who finds him¬ 
self Mocked In one city because of hie party affiliations, 
can look toward employment In other cltlea. A position 
once seen red, a tenure for life or for a term of IS or 
St yean, la assured, followed by a pension at the end 
of service. Moreover, promotion Is mads from city to 
city, so that there Is no limit to tbo economic returns 


By Clyde Lyndon King 1 

sod social prestige of tbo public official of competence 
and skill. Bvon the bargomelater and all tbe loading 
pzinrt advisers In tbo magbitrat are chosen at will from 
other cltlea. Tbe salary, moreover, la adequate to 
attract the beat talent, and Increases In remuneration 
follow at specific Intervals. Tbe national laws fre¬ 
quently provide that appointee* to certain poaltloni 
shall have stated professional qualifications, but all 
examinations are qualifying nud not competitive. The 
stnto examination* merely determine sUgthltMy and 
within tbe largo list of eligible* tbe magistral baa full 
discretion In choosing official*. 1 Probationary periods 
of service, promotion on the recommendation of super¬ 
ior officers, with due regard to merit and experience, 
security of tenure, protection against srbltrary dis¬ 
missal, exclusion of civic employes and official* from 
sll pnrtlcliiallon In election campaigns, all tliese fea¬ 
ture* of American civil service find a place In the Ger¬ 
man system. But the arbitrary provisions characteris¬ 
tic of American civil service, such is that the appolnt- 
lug official Is limited In bis choice to tbe three highest, 
Itnds no place In tbe German rfglroe, Tho result Is 
freedom of choice by an employing official who must 
have the beet talent and get the best results within his 
expenditures, for pressure of tbe tax Is as keenly felt 
In German cltlp* as In American cities. 

Tbe fifth factor making for the luculcutlnn of effi¬ 
ciency principles In the German municipal service I* 
the fact that tbe greet public utilities such as tlie street 
railways, gas and rail waterways, are publicly owned 
and operated. This means that not only tbe beat pay¬ 
ing isisltlons, but also the positions carrying with them 
suc-lnl prestige aud honor, are within tbe gift of the 
stute rather tbnn In tbe power of private corporations. 
The youth of capacity and training turns, therefore, by 
p ref cranes to the public- service. 

Tlie technical training required for the municipal ex- 
|*qt In Germany Is osnslly afforded by some branch 
of tho regular eduratlonal system. 1 

In tbe Drat place, there nre tlie great technical uni¬ 
versities everywhere maintained by the Individual 
Mini os. In which technical training of the most definite 
uiul specific kind can he obtained for either pnbllc or 
private expert work. At the present time there ere 
eleven great scientific un I verst tie*, the organisation of 
which Is nnder tbe control of tbe several states of tbe 
German empire. The regulation of Industrie*, how¬ 
ever. Is within the jurisdiction of Imperial law* which 
have extahltahod nation-wide standards *■ to certain 
lechnlral experts. These laws, fur instance, prescribe 
the q tin 11 Acs 11 nos of persons who wish to carry on 
petilculsr Industrie*, prescribe the powers and dudes 
of (he guilds, and require workers to attend continua¬ 
tion schools where such schools exist Tbe licensing of 
certain occupations Is under imperial control sod at¬ 
tendance at some technical schools Is practically Decen¬ 
nary for those who wish to pass the required state 
examinations. 

Below tbe highest technical Institutions are two 
grades of machine trade or mechanical engineering 
schools, 1 those providing for tbs training of engineers, 
constructors, foremen, machine draftsmen, etc., aud 
those of a lower grade which train machinists, mechan¬ 
ics! draftsmen and technical officials of middle rank 
and others preparing for position* that require a lens 
highly developed technical ability. To both three 
(issues of schools are often added Sunday and evening 
courses, open to workman who cannot afford to five up 
work entirely and attend reboot. 

But general school training can not make tbe efficient 
employee. There are at least two other prerequisite*. 
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Tbe flrat la specific preparation of a kind that eouht 
not be expected tn a federal anlveraity, aud the eeoand 
Is particular training for thaw who are employe* Owl 
official* In municipal aerrlce. To meat three two needs 
a number of strictly municipal Initttuttoaa have qnwr 
up la Germany. These achoola Include the gpedal 
training achoola tor employee of certain departments, 
such as the training achool for poHowmen and tb* col¬ 
lege of town planning in Berlin, 

A definite movement for local municipal college* (s on 
toot In Hamburg, Pmnktort-on-Maln, Cologne, Drredan 
and Poeen, and the small town* of Altdorf, Will on berg 
and Hot meted t, all three of which bad their own unh 
verslttea la the peat and want them renewed. 

Cologne has opened an academy whoa* purpose It m 
to rescue municipal government from eoadatnleally 
trained doctor* of lew. The curriculum Includes defi¬ 
nite Instruction In social politics, tn bousing and land 
questions. In tbe labor problem, In municipal law. In 
municipal taxation end finance. In pnbllc charity, -gin 
care tor children. In statMIcs, In school law. 

Tbe work and functions of these new universities con 
bast be exp res s ed by * special study of two of them 
ralber than generalised comment on all of than. For 
this porpon are chosen the Akademlo fur kommunale 
Verwaltung an Dfiswldorf and the Hrete Preoeelecbe 
Verwaltungs-Bemtnsr so Ascbersleben. 

Tbe purpose of the academy for municipal adminis¬ 
tration in Dfisseldorf, opened tor work In the autumn 
of 1811, le to strengthen and broaden the knowledge of 
nnd to offer a scientific and practical training to munfc 
clpel officials, and to give businesslike, eden title and 
practical education to persons lutandlng to anttr the 
municipal service. A survey of tbe coorree offered and 
the methods employed Indicates that the srataMIlla 
primarily in Institution tor the further trataWVW' 
higher municipal official*. 

The course* offered Include the following subject*'( 
Bights of taxe*; constitutional rights; govern m ental 
rights; tbe police power; social questions; school and 
■unitary administration and legislation; Insurance taw; 
finance; economics; political science: sociology; tbe 
resource* of tbe country; nations! economy: tbe lawfol 
rights of government; the organisation of city, stats 
nnd nation; effleleocy In government; the science of 
finance; money and hanking; municipal utUltlre; statis¬ 
tics; building regulations and administration; tbe culti¬ 
vation of prosperity and of refinement; tbe labor ques¬ 
tion ; relief of tbe poor; bualoere law; practical work In 
mlmlnlstrstlve law; municipal finance, masUtntlonal 
Ihw: taxation law, criminal law and pmaednni the 
l«or law; the science of work In bualnese; labor tmlog 
laws sad their Interpretation; criminology, and book¬ 
keeping. 

The analytical, practical and thorough character of 
the courses offered may be gleaned from the content of 
selected course*. Thus the coarse In the orient* of law 
Includes the foundation principles as to the rights of 
ritlsens and the rights of officials; purchases, leases, 
deeds and their cb*r*ctsri*tlcs; Indemnity obligations 
of tbe community; earnings and laws of properttre: 
reel estate law, rights of mortgages, the authority of 
parents and tbe power of the respective goveramants 
as guardians; the rights of associations and of ho*tares; 
commercial law; the foundation principle* aa to state, 
rural and city adnthdetrative taw; the constltndmi of 
tbe state of Prussia, the Imperial constitution, the 
rights of administratis* orfians of gove r nment , tb* 
police power tad the general position of the police, In¬ 
cluding tbe safety and sanitary police. The oousre In 
taxation law tortndre dta c ngfio fi s of tho various kinds 
of taxes, such as pratresto n al and occupation toxret 
oonorestoos; bear, dog, onmswneut andWbar tadtreot 
■sqpnti tax**; donbl* taxation; tbo tncraare la tun 
and tho vntae thereof; the relation between city, dis¬ 
trict and pmtocUl tsxs*. Insurance taw include*.* 
history of public tasuraoce, the detalta onto**. *od- 
dent and tavalld tomnara, tbe relation ef tbe Insured 
to each other. The ooerae In stattadto toriofee dtaeuta 
decs as to the natxra of atettatkn stattaBoal mrtheta.. 
todmiqn to pNMRttef stattaUcs, tbs prindpel psoeteeg 
of eorarnsrentel stafistloe, ate Thoroughgotaff renssi 
fi —w* tanot tan ei-eeauem y with spreW syni md wi 
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ttanal pregraaun* tor tafctrirUl supremacy. In th* 
Mpm atrvalu to par* water for th# city are givea 
<wqM» geological data. In abort, tb* mnrae* to- 
dado minute, rat labia, thoroughgoing Investigation* into 
tbe lag*], social, eoooomle, political. Industrial and 
era* gaolagicaJ ramlficetkm* of the municipal official'* 
dOUaa and responsibilities. 

Quite to cootfaat to the Dttnetdorf academy, which 
trains primarily tbs higher officials, Is the Seminary 
tor Public Officials at Aacfaersleben which offer* a one 
year flours* preparing primarily for the one year pro¬ 
bationary service by the middle and lower classes of 
public employee, and for promotion from one grade 
of sendee to a higher grade of service. The deration 
of tbe rouse Is one year. The institution Is admin¬ 
istered by tbe maglstrat of the city of Ascbsraleben. 
tbe courses offered I net ode Jurisprudence, administra¬ 
tive law, tbe science of taxation, political economy, 
social administration, the administrative courts, tbe 
bodget, the treasury, accounting, bookkeeping, stenog¬ 
raphy, typewriting, arithmetic and German. Ttie stu¬ 
dent la drilled so that he can bunt up and understand 
the derisions of the civil and administrative courts. 
Jbe Instructor* an employed teacher* and the public 
official* of the city of Ascbarsleban. 

" Tbe need tor further specialised training to America 
to to be measured by the extent to which existing edu¬ 
cational institutions are meeting the rapidly rising 
demand tor well-trained public officials who can look 
to permansncT hi the public service. The rapid adop¬ 
tion of commlmtob government so that to-day it to 
applied In MO drill With a population of 7,881,1187, the 
adoption of the city mnnager plan of city govemmadt 
to 13 dtfee with m population of 230,002, the rise In tbe 
demamf for sanitary exports, tor engineering experts, 
tor experts to marketing, In pure foods. In accounting. 
In taxation questions, and In the other fields of expert 
service In city, state and national life, tbe tncrenae 
lu the municipal ownership of public utilities, all these 
mean a rapid Increase In the actual number of expert* 
la the public service which In tarn must mean greater 
■naneocy and better training tor tbe public service. 
fHp:anivorsltlee of our country are already doing a 
aptbiHn - work In providing for the public service. A 
large number of stale scientific bureaus are located at 
the universities, such as public health laboratories at 
to# Universities of Wisconsin and North Dakota, ex- 
Mtpatort station* In agronomy and animal husbandry, 
rtatyjf husbandry, horticulture and botany, such na In the 
University of Ilttnoto, experiment stations la engineer¬ 
ing, such as In the University of Missouri, and testing 
bureaus, such as those at the University of Glnclnnnl L 


In tb* universities of Wisconsin. Oregon, Texas, Wash¬ 
ington, California. Harvard and Cincinnati are legislative 
reference bureaus, which collect and compile Information 
on matters pertaining to municipal legislation, public 
works, finance, sanitation, education, bibliographies, 
and statute-making and Interpretation. Through tbe 
activities of tbe Committee on Practical Training ap¬ 
pointed by tbe American Economic and Political Hclence 
Associations, our universities are beginning to make an 
extended nee of tha agencies tor practical training avail¬ 
able on every hand, such ns the practical work by 
graduate and well-equipped undergraduate students In 
tax, railroad and Industrial commissions, investigating 
boards, state boards of public affairs, rlty department*, 
boards of health, finance romralmloos, bureaus of muni¬ 
cipal research and the different federal agencies in 
Washington. These laboratories are being and can be 
mode, to an Increasing extent, of as definite value to 
the students to politics, economic* sod sociology as the 
aplasdldiy equipped scientific laboratories lu tbe uni- 
verstty buildings- All of the various ontveraUea now 
offer coarse* lu eeaatitutioaal tow, In municipal govern- 
■pent and allied subjects. University faculties are be¬ 
tas’tailed on extanatvely for-practlcsl work. 

The UnlveraKy of Texas with a largo number or 
mull dries round about though »wlth no large muni- 
otpel laboratories at hand, such aa an available In 
(he largest rites, to pluming tor S department to muni- 


Tbe Untraralty of Pittsburgh to making a apodal effort 
to ba of service to tbe common wealth and to too com¬ 
munity, especially in Its School of Economic* which 
provides, through Its departments of government end 
ritlaenshlp, an Intimate understanding of the rights, 
duties and raaponalbllltle* of dttoenshlp and of the 
function* sod activities of government, municipal, date 
and federal. Student* get sped*! training for public 
service In comm Is* km* and administrative bureaus of 
various types, and In snob soml-publlc organisation* 
as trad* and publicity organisations, bureau* of muni¬ 
cipal and social research, and other civic and commer¬ 
cial bodies. Id tbe University of Pennsylvania, stu¬ 
dent* In certain courses, each a* tbe course in muni¬ 
cipal government, have been and are being assigned 
definite practical problem* to be worked out through 
the various public bureaus, departments and public 
official* In the city. Tire University of Utah undertakes 
to disseminate through printed bulletins Inforoitlon 
that will be of service to Uw state.' Tbe University 
of Cincinnati Is a irurely municipal institution which Is 
rotating Itself lu every way poaslblo to the sctUHl prob¬ 
lems of tbe community and of tho state. Thus In tbo 
department of chemistry of the engineering college Is 
(lie bureau of dty tests which analyses, examines and 
estimates tbe value of all materials submitted by the 
municipal engineer or the purrhnslng sgent of the city. 
The department of social science coUpornlc* In social 
service with public Institutions, such as the Juvenile 
court, In investigations, service, etc. The department 
of iwychology has been conducting some Interesting 
work throughout tbe year* past in regard to backward 
and deficient children in the school*. In this way lt> 
work Is linked definitely with public school work. Tbe 
professor In charge of tin department of political sci¬ 
ence la also In charge of the municipal reference bureuu 
at the city liall. which collects Information, make* In¬ 
vestigation* and reports for the ctly. Tbe college of 
medicine cooperates wltb the city hospital, contagious 
wards, the varioni clinics, etc. The engineering college 
cooperates with the city engineering, waterworks, street, 
■ewer and bridge departments, In cooperative teaching, 
testing, reports and research work. The college or 
commerce cooperates with the banks of Cincinnati, 
though their committee, In collecting statistics and re¬ 
ports. In addition to this there la definite service by 
the Individual professor*. Student* of such an Institu¬ 
tion necessarily got both tho atmosphere and the |msl- 
tlve knowledge of great vslne In their later service for 
tho public. Spare forbids the enumeration of other 
work In other Institution*. Onr college* and universi¬ 
ties nrc thos doing mncli toward practical training for 
the public service. 

Thinking Animals' 

About ten years ago It bunamc known that "Clover 
Hans," an Arab Htalllon owned by s Hera von Oaten in 
Berlin, was able to answer arithmetical and other ques¬ 
tions, topping out tho reply with his foro-foot. Notoriety 
lod to hosted controversy, and the appointment of com¬ 
mittees to investigate. Tho second of these, under Prof. 
Stumpf, resulted in Pfungat's book explaining everything 
in term* of signals wmaisting in slight movements marie 
unconsciously by some person present knowing tho an¬ 
swer. This seemed to have solved the problem finally 
until the appearance of Krall's book in 1912. Tho author, 
a wealthy Jeweler of Klberfeld ami friend of von Orton, 
had after the latter's death continued to experiment, ob¬ 
taining result* which, he claimed, refuted Pfungst's ex¬ 
planation. Thla claim found support in a report signed 
by the aootogtets, Kraemor, Banudn, and Ziegler, assert¬ 
ing that signaling wsa excluded since (torrent answers 
were given even when none of tbe human participants 
was visible to tbo animal. Tbe opinion* expressed on 
KraD’a book vary from that of Prof. Dealer—'"a shameful 
blot on German literature,” to that of Prof. Ostwald, who 
foresees that it will "aa dearly mark the beginning of a 
now chapter in the doctrine uf man’s plaoc In nature aa 
Darwin'* chief work did In its day." 


ripel administration. Nsw Tort University has a dlvt- > ^ 

slat 0(. pnbtto affair* srgmBised In 1012. The plana of the follow! i 
tor thlc dtetotoo tnetod* a oooree for graduate rtirkrat* 
wMrit will gtvsttasa tn opportunity to eritduct original 

- ,l hi nmlilMr i mnitMiiffl affi m nmMit nniior tlw '(*) W* “ 

direction, not enjyet trie faculty of-the dlvtahm, but 

atoo sf tbs faentty of‘toMmcttaa find Of psrmaneut leit). 

rilitoHiWri of Ibt (M^totffiriM Of the dty of Now _ to) "P*t»w < 

Xffifc ■ ItoWrii*##* are under way for a 

MH# '** «">**(• riudmta. x+eai. drip* 

Vttffpb* toMtaa trie aarigaa m ni of two or more stu- 

ff«riktetttoWpd*ttV*,'*twWri l they will wore In %***£ 


•Some ef tti«M ballerina raewtly tesued laelarJe (Uecatirtnn 
! the follawtex mhjrvti: Teste of brick; the conetrocUon 
Ml nuloNsturW of carjh road*; the economical rleelfa of 
deforced wacMtv: sieaanrtment of fiowin* otresmo, 

HI) "Dm Pferd dee Berra v. Oaten (Dvr Uuae Hans)." Hy O. 
tea**. Orison: J. A Bank. iwt). 
to) “Dnrksads Ttara." By B. KrstL Oripsto; W. Xtarimxsn. 


Plague, voi. lxfL. 1914. 
ret" By Dr. ■. v. Made 
L 1914). 


«*# A* «■*' m bpportamlty w. Ii, Mto-tota* J 

% jfrfcjji)Jtaftto.k^totffitkri. Thaw 

w* way, ^ «*** ml taita. 


Aa to tii* problem Itself, a definite solution could re¬ 
mit only from a free and Impartial testing of tho ani¬ 
mate; aa It Is one nan only indicate probabilities. In¬ 
tentional deceit is almost certainly too simple an ex¬ 
planation, and is in any case Inadequate. On the other 
hand, the probability uf obtaining correct answers by 
chance has hern underestimated In view of the number 
of unxuooessful attempts and the greater frequency with 
which certain numbers occur. Very much must be al¬ 
lowed for this and other weaknesses of testimony, tho 
demonstration of which has been one of the ancoesses of 
applied psychology, but which, as every newspaper now 
shows, are seldom given weight In practice. They pare 
tieulariy affect some at least of the would-be crucial tests. 
Nevertheless much remains, of whloh the following main 
explanation* have been offered. 

The anrwen are evidence of mathematical intellt- 
genee. This, although a highly developed “number- 
sense” ba* been found in parsons of low general ability, 
and riven in tho fooble-minded, conflicts with sU that are 
know from other sources about the animal mind. Detail¬ 
ed scrutiny of Krall’s account of his teaching show* that 
the prohlem often could not have been understood from 
hi* exposition. Again, the correoting of a single false 
figure it done quickly and rartalnly, aa might be expeoted 
if signals were being given, si hoc those would bo facili¬ 
tated by concentration of the signaler’* attention; if 
the errors are mistake* of calculation it is odd. finally, 
the inability of the animals to prove their understanding 
hy action, compared with their eloquence in the language 
of taps, la extremely mispldous. 

The answer* are due to memory. The hone’* memory 
is, no doubt, cxocllrmt for some things, and the theory has 
advantages, but also serious difficulties. To associate 
eight taps with one symbol and nine with another, the 
horse must be able to distinguish tho two scries. But It 
seems probable that animate cannot distinguish numbers 
lwyond four or five. Rothe trained his dog to come only 
at the fifth whistle—but this only If tho whistles were at 
regular intervale; hie horse would take four lumpe uf 
sugar In preference to three, but confused four and five. 
Again, the horse's eye, while very sensitive to movement, 
is probably uniuitod to the deer perception of complex 
visual forms such as written numbers, and, aa a matter 
of fact, tbe animals seem to attend to the questioner mere 
than to tho blackboard. Finally, the mistakes in oubo 
root, etc., questions strongly suggest the use of tip*. 

Tho animals are responding to unconscious signals. 
Krall claims to have refuted this by “ignorant" experi¬ 
ment*, but these are relatively few and seem to have 
some weak spot. Thu* Maokenxle reports that Rolf, 
the Mannheim dog, described a picture on a card held 
so that the holder oould not ace it; unfortunately, the 
picture was a red and blue cross, and there Is reason to 
think that dogs are nearly color-blind. Neverthalem, 
the fair number of “peep-hole" experiments and tho case 
of the blind horse, Berto. smn tit stamp aa inadequate 
Pfungst’s theory of ritually perceived movement*. Yet 
no other mode of ilgruvl seems sufficient for all cases, while 
Hacker did actually get anawpra by moving his foot. 
Again, it is unlikely that tire many individulas who have 
obtained answers should all make precisely the tamo 
uncmuriouH movements. These difficulties disappear If 
we suppose the animals not to bo blindly reacting to one 
specific stimulus, but to be Interpreting more or lem in¬ 
telligently a general type of unconscious emotional ideo¬ 
motor expression—movement, variation of respiration, 
etc.—pcssibly always complex and varying with the in¬ 
dividual and occasion. Both horses and dogs are notori¬ 
ously sensitive to shade* of emotional expression, and 
recent work by the Pawlow school indicates that dogs 
can hrar sounds so faint aa the beating of the heart. It 
is true, any theory of unconscious signaling presents 
diffisultie*. Unite, tens, eto. are tapped with different 
feet; tbe spelling of verbal anxwvn is phonotie, and ipon- 
lantoiu utterances are reoorded, including a letter dic¬ 
tated by RoHI Can tbe subconscious be credited with 
so rauchf The solution. If it ever comes, can scarcely 
fail to illuminate, if nut the animal mind, at leant that 
of man.—From Nature. 

A Military Wireless Outfit 

WtBKUteB communication Is destined to play mi Im¬ 
portant part In warfare, and undoubtedly Is doing so 
l»-<lay, although comparatively little is beard ol It so 
ter. In this country the Mlgnal Corps ot the Army has 
recently acquired an unusually complete portable wire¬ 
less outfit, which la believed to be the most powerful of 
Its kind. Tbe apparatus Is mounted on a motorcar 
chatals and can be set up complete and In operating 
condition In as short a time as twelve minutes. V ruler 
favorable conditions, tbe apparatus has n sending 
radius of up to 800 miles. Mesas gar from imlnta it.rsai 
mile* distant bare been received. Tbe generator nhlr-lr 
torn tehee tbe current Is driven by tbe same motor thsi 
propel* tbe vehicle. Antenna of tbe utnlnvlln ty)«- nre 
used, IUe mast, which Is lu nine sections, being xfi feet 
In bright 




A Gtrnia field outfit for X-ray treatment. 


X-Ray Work in War 


Developments in Practical Applications as Now Used in the Field and in Hospitals 


By llie Berlin Correspondent of the Scientific American 


Thoiuiu X-ray work Ian, nveii In annual times, be¬ 
come no rail able nn aid to I be medical practitioner Ibat 
no np-lo-dute hospital can do wIMiont It, It la even more 
uaefiil mid noceaieiry lu warfare. Whenever, for in- 
atancu, the ahape and poaltlon of a projectile In the laxly 
of a patient are to bo ascertained, Uoent|(en photog¬ 
raphy will quickly give all the deal red information; If 
Injured bo Dos, and especially the splintering ao frequent 
with bone fraoturea (ahot fracturea), are to be exam¬ 
ined, It again prove* the one aafe guide, ltoentgeu 
photographs are nearly always welcome If the perfora¬ 
tion made by a bullet has rich a direction aa to aim- 
peat the hypothesis of a bone lerion. The photographic 
plate in many cases shows the lesion to be much more 
Hcrtuua than would otherwise have been supposed. In 
coiimcUon with the further checking of the treatment— 
til aacertalnlng, a g., whether dlaplaeamenta of the hone 
ends have been adjusted by the dressing, repeated X-ray 
examination la of the highest Importance. 

It Is true that X-ray work In Its primitive form would 
I lave been of little use on the theater of war; but so 
many Improvements have bean Introduced of late yearn, 
the technicalities have been ao highly simplified, that 
even the ordinary practitioner will find no difficulty now 
in liHiallliigwn X-ray outfit. Trauaportablo apparatus 
allows the Ituentgen ray to lie readily employed every¬ 
where In the Hold, even In temporary Infirmaries. \ 
port leu Indy valuable feature la that patients submitted 
to a Hoenlgea treatment will suffer no palu or dia- 



Tbo upiwratiu serving lu generate the ray a may be of 
the most different types. They either consist mainly of 
an Induction coll and Interrupter—the aclivo ray* being 
produced by a rapid succession of alternate current 
Impulse*—or of a rectifier converting an alternate cur¬ 
rent Into lmlsatlng direct current, that la a rapid suc¬ 
cession of high-tension current impulses of coostaut 
direction. The latter type of apparatus la not only 
mere simple to operate, which is especially valuable lu 
warfare, bat generally more effective, allowing snap¬ 
shots to be taken In fractions of a second. 

In the military hospital founded by Messrs. Hie me in* 
and Halake, In cunjnnrtiim with the Siemens-8cbuckert 
Worka the Oennan lied Grass aud the military autborl- 
tlva, there haa for Instance, been Installed an X-ray 
outfit allowing Instantaneous views with exposures of 
only 1/100 second to be taken. This hospital, moreover, 
allows many other striking festnrea and may be con¬ 
sidered representative of the beat German practice In 
military surgery. It In housed lu the administration 
building at Blemenaatadt, near Berlin, and comprises In 
the fonr stories of lta northern wing, four hundred beds 
In seven large halls and eighteen private rooms. An 
operation room appointed in accordance with the beet 
modern practice enables even the most extensive sur¬ 
gical operations to be performed, mainly with the aid 
of X-ray pictures previously taken. By the courtesy of 
the managers, we are able to reproduce some such 
views derived from the hospital archives, which will bs 
found most Instructive. In another ball there have been 
Installed all aorta of apparatus for electro-medical 
therapy. 

Special transportable Roentgen ontfifa have been per¬ 
fected for army hospitals Installed it halting pis ass, 
which generally remain stationsry for some time. Be- 
idda the X-ray generator, these comprise a current 
generator, mostly a gasoline dynamo, so as to be inde¬ 


pendent of any electric installation. While than outfits 
do not lend themselves to taking Instantaneous views, 
they allow even difficult X-ray pictures to be aiade with 
n few seconds exposure In conjunction with a reinforc¬ 
ing screen. The various rafts of this outfit an con¬ 
tained In cases carried on aatoinoblle trucks, which, aa 
long aa the hospital remains at a given place, can be 
utilised for the transport of wounded soldier*, apodal 
type of X-ray outfits have been developed for ship hos¬ 
pital* end hospital ships. 

So large a number of pieces of electro-medical appa¬ 
ratus have been lately adopted that they cannot pos¬ 
sibly be left out of account in a dJarusdon of X-ray 
apparatus, the more ao aa they are directly or Indirectly 
the outcome of the latter, and serve a* efficient auxili¬ 
aries In Roentgen practice. Foremdet among those 
should be mentioned the diathermic apparatus which 
by the application of high-frequency currents produces 
some sort of internal heating of the body. Die thermic* 
la used with advantage in the treatment of neuralgic, 
rheumatic and gouty complaints; It la most valuable In 
the after-treatment of bone lesion*, aud its anesthetic 
effects are remarkable. 

Electric temperature nteenuemeute are used in a 
rather unusual way at the Blemenaatadt military hos¬ 
pital. The same as temperatures are determined and 
checked electrically from t central station In large bent- 
lug and ventilating plants, the fever temperatnres of 




X-ray of a wound In feet cawed by rifie ballet. 


glaaten'a tu ngs ten X-ray btdh. 
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■ tram Vienna ovei a distance of (WU miles, uul from 

Clifden, In Itoland, 1,780 mile* away. Thun nommuni- 
oatloru ware made during the day, and new high reson- 
anne reerivers with photognpUn register repeaters were 
employed with exoeDcnt results. Experiments in whre- 
leM telephony were carried out on the following day 
betwoen several vessels lying at anchor at a distance 
of one kilometer with great sueoess. The wirekes 
telephone experiments were continued on the third 
day, tide time between two wanbipa on the high seas, 
and the reoeption was consistently perfect over a distance 
of 30 kilometers. On the fourth and last days suooeasful 
telephone experiments were again carried out, nommuni- 
nstions taking place with very limited energy between 
vessels on the high seas, 70 kilometers (40 miles) apart. 
On the last day radio-telephonic communication was 
constantly maintained for 12 hours, and the continuous 
working of the apparatus did not cause the slightest 
Inconvenience. The apparatus employed in the ex¬ 
periments is of a new and simple type, and it was Mr. 
Marconi's desire that It should Brat be naed on the 
warships of the Italian Royal Navy. 

A new transmitting apparatus for wireless telephony 
was invented by Herr L. Kuhn. The microphone 
currant is passed through a winding on a soft iron core 
on which is wound a second ooil connected with the 
antenna circuit. The self-induction of the latter coil 
varies according to the fluctuations in the microphone 
circuit, and the oscillations In the antenna circuit, then- 
fore, also vary in frequency accordingly. By this 
means it is slated than an mediation energy of 8 kilo¬ 
watts In the antenna circuit has been sufficiently in- 

— -- 1 Hummed by a microphone energy of only 8.7 watta to 

Baeerdbg fever temperature of a patient during a teat of the elect of s sudatory. effect a proper transmission of speech. 


patients are here reoorded electrically and signaled to 
a central post. This, of oourse, affords s great advan¬ 
tage over the usual method of determining the tempera- 
tore of the patients two or three Ume a day; In fact, 
the dear record of the course of temperatures thus 
obtained not only assist* more efficiently In making a 
diagnosis, but affords some useful data In gaging the 
effect of medicaments or therapeutical methods. 

Apart from the Roentgen apparatus proper, we should 
mention the accessories without which no sharp views 
could be taken. The same as lu ordinary photography, 
a stop Is placed In front of the objective, to keep off any 
lateral beams of light nnd thus to Improve the definition 
of the picture, It la a good plan In X-ray work to screen 
off any secondary rays which are bound to Impair the 
quality of the picture. The-"oompre«Bloo" stop devised 
by Prat Albere-Schdnberg allows any part of the human 
skeleton to be reproduced with the utmost accuracy. 
Another typo la Dr. Rocky's “beehive" stop, which lu- 
teroopts any secondary rays produced inside the body 
Ueftira these are allowed to strike the projection screen 
or photographic puts. 

*V radiosooplo and radlopbotograpfalo work on 
Hunting, sitting, or lying patients there have been de- 
visad quite a number of folding stands which will krep 
tho body straight, in addition to avoiding dUplacaments 
and insuring an accurate adjustment of the body. 

Tbs X-ray bulb itself, of course, U of the highest im¬ 
portance. Bach military hospital ought to be equipped 
with quite a number of bulbs adapted for various pur- 
Popes, put for radioscopy and part for X-ray photog¬ 
raphy. According to the special purpose each bulb 1* 
Intended to serve, the vacuum must ba more or lees per¬ 
fect; the higher the vacuum, the “harder" or more 
Penetrating wfll the X-rays be, and rice eersa. 

A minor, though useful, accessory are the sand bags, 
which allow the patient to be Installed most comfort¬ 
ably in any position. 

The ascertaining of foreign bod Isa (projectiire) in the 
patten?* tarty te generally limited to the upper ** trend- 
t t**tj®4*i **»»«, and to the lower extremities from 
Um knees downward, as well a# top skull in order 
to mart certain points for subsequent treatment, «m.n 



load labels are glued to the akin, or the places hi ques¬ 
tion are spotted with a blue pencil, Ink, or tincture of 
Iodine. In order accurately to ascertain the positions 
of a projectile lu the body, two views—In planes ver¬ 
tical to one another—are, of count, required. A safe 
diagnosis for bone fracture can hardly be made ou the 
strength of radioscopy, X-ray photography being gon- 



Bchmidt's universal X-ray stand. 

enlly Indispensable In this connection. ' For checking 
the fracture In the piaster dressing, as well as for the 
diagnosis of sprains, radioscopy, on the other baud, 
mostly affords sufficient data to allow a sofa conclusion 
to be arrived at 

Another point to be mentioned la that parts generally 
Invisible (a f., In examining the stomach and Intestines) 
can be toada^vlslble by administering to the patient 
what te called a “contrast" meal, comprising some 
heavy metal salts, such ts bismuth, lmptrvloua to 
X-rays. 

WfatoMjTelephoiiy* 

Doaixo the early part of March Mr. Marconi Joined 
one of the Italian war vasaeia at Auguste attached to 
the squadron commended by H.R.H. the Duke of the 
Abroad, sad tor savers! days he carried on experiments 
to *brtaet telephony with most satisfying results. 
During the first day radio-telegraphic eonunuuteations 


Effect of the War Upon Crime 

Tub Basis XackricMm publishes a summary of the 
offenses against the Swiss penal code. Just before and 
since the outbreak of tho war, concerning which com¬ 
plaints were made to the police authorities. White dur¬ 
ing July of the present year 300 complaints were made, 
the number reported for August la only 162, toe Sep¬ 
tember m, and for October 16& 

Tlie statistics for 1U18 give the following totals: July, 
848 complaints: August, 814; September, 208; October, 
801. At the close of July, 1014, the number of cases 
tried by tho public prosecutor wee about 140 more then 
for the same period of the previous year, while an In¬ 
spection of the statistics up to the end of October shown 
a decrease, there being about 180 trials teas than tor tbs 
year JB18; that Is, there was a failing off of about 270 
cases In three months. 

The Herman Journal Umtchau, lu discussing these 
figures which It quotes, soys that one Important reason 
for this striking decline In the perpetration of Crimea 
Is that the floating population, from which a large per¬ 
centage of the lawbreakers Is drawn, has been hugely 
reduced since the beginning of the war by removals, 
summons to the armies, expulsions, etc. Hie uobi!Us 
ilqn of the Swiss army has also exercised s favorable 
Influence upon criminal statistics. 

The Uxlng of an hour for the dosing of the saloons 
led to nu abatement In assaults, crimes against prop¬ 
erty, threats, and acta of insubordination, lfost Inter¬ 
esting of all are the figures concerning the eomplatnta 
of assaults. 

Iu 1D14 the complaints ee to premeditated bodily 
assaults run as tollnws: July, 28; August, 18; Septem¬ 
ber, 18; October, 17. In 1613 the figures were: July, 
871 August, 81; Heptember, 20; October, 28. 

In the months of Angnst, September, and October, 
1018, there were 0 complaints In regard to sets of In¬ 
subordination, while during the same period of the 
year 1814 only a single case was brought before the 
division for criminal Investigation. 

In a tow cases of brawls the quarrels arose from Um 
feet that the sympathies of the population of Bwltser- 
land are divided between the countries at war. 
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Chemistry of Flaming Arc Carbons* 

Their Development and Operation 


In an aits (trunk hctwccn two carbon electrodes, very 
nearly all tbn light comm from thu incandescent doo- 
trodu tl[m. In a direct-current urn, tho punitive crater 
la larger, anil inmnibly at a higher tomimrature than tho 
negatiro crater, ami It In thin ponltlvo crater which la 
tho nun me of muni of the light. Hi non the crater In 
merely an iuuuuUwscit nolid, U afford* a continuous 
npeetnun. Colorimetric experiments recently made by 
Ij. A. Joww and reported by him at tho Cleveland meet* 
lug of the Illuminating Kngiiux'ring Hoclety, Heptasn- 
lier, 11)14, show tluit thin incandescent crater has about 
67 per cent of tint daylight value of noonday sunlight. 
When volt-am|>orc readings are taken with such an am 
it In found that if lint arc la strengthened tho voltage 
rises and the amperage falls, and eventually the am 
govs out. 

If wo use an one of our eloctrodus a earl ton rod which 
has been hollowed out Into a cup, and place In the cup 
some potassium chloride, and again strlko the arc, we 
And that tho volCampore characteristics are changed 
and that at tho same amperage a much longer am can be 
drawn. CamcUmann In IR44 1 seems to have been the 
first to have noticed this fact. As we see, an arc fod 
with potassium chloride gives very little light; in fact, 
probably loss than the pure carbon arc, as the positive 
orator Is not so bright This arc has a distinctive color, 
and, of ouumo, would show, Insides the carbon arc lines, 
the potassium linos In tho speolmsuupu. Bunsen* in 1844 
seems to have been tho first to notice that different 
materials glvu different spectra In the arc. 

If, instead uf imtassium chloride, we plane a small 
amount of calcium fluoride in the hollow carbon cup, 
which, hi this as in the previous ease, Is in the lower 
imsltlve carbon, we find that the are length for a given 
current and voltage is much shorter than fur potassium 
chloride, and longer than for a pure carbon are; more¬ 
over, the are is intensely luminous, though rather un¬ 
steady and liable to go out. (hi placing a mixture of 
potassium chloride and calcium fluoride In the arc, we 
got tho combined advantages of a long am, with more 
Intense luminosity than Is afforded by either the pure 
carbon am or the potassium chloride are alone. These 
simple facts form the starting point in the development 
uf tine modem flaming are. 

About 1899, Bremer, In Oennany, brought out a 
flaming carbun, with calcium fluoride as the essential 
light-giving salt. The light afforded by such a carbon 
Is a sensation yellow; the color i* more aptly described, 
however, as “minus blue," as thu spectrum of such an 
am Is very deficient In tho blue. 

From 1809 to the present the development of the 
flaming are has Igoing on steadily and surely. It 
Is Interesting to note that the ttrst record tho National 
Carbon Company has uf any work luring done by them 
on tho subject was when some unliuary cored carbons 
flamed and experiments were undertaken to prevent this 
phenomenon. 

Although Bremer pruduoed a carbon which could bo 
buraod vertically, fur a mimbor uf years most uf tho 
commercial lam|ie were "Inrlluod trim" lamps, taking 
long, cored carbons, which burned under open-arc con¬ 
ditions. A Tew years ago, however, there was developed 
a lamp fur burning flame carbons in a vertical position, 
aud fur these lamps solid carbons have been developed. 
An Interesting point is that the idea of solid carbons 
antedated the development of the lamps. These lamps 
generally operate In such a way that a limited supply of 
air roaches the arc; that Is, under " Inolosod-are" con¬ 
ditions. Those various types of lamps are doubtless 
familiar to the Illuminating engineers present. 

Modern flame carbons may be classified In several 
ways. From the standpoint of the mechanical struc¬ 
ture of tho finished carbon, wo have cored carbons and 
solid carbons From the standpoint of the color of the 
light emitted by tho carbons, we have a major division 
In which anrcjpeluded yellow flame carbons and white 
flame osrboig^ and a minor division including red, green 
and blue fla&e carbons, red and green bring but Uttie 
used oxoopVfor advertising purposes, and blue bring 
used as a source of blue and ultra-violet light for medici¬ 
nal purpose*.' 

In the major division, calcium fluoride Is the chief 
constituent of yellow flamers, and rare earth compounds 
the ohlgf constituents of white flamers. 
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By Dr. William C. Moore 

A brief description of the method of manufacture 
of flame carbons may not be out of piaoe. The lint 
step, of course, Is the careful weighing out of the re¬ 
quisite amount of the carbon bass, and the proper flamo 
materials for making a "mix." Most of there mixes 
are rather complex. After weighing, the ingredients 
are very thoroughly incorporated together and with 
an appropriate binder—generally tar or pitch or a 
mixture of these. The "mix” is then forced by means 
of an hydraulic press Into long rods, which after cooling 
are nut into the proper lengths. These green oar boms 
are then carefully baked in gas-flred furnaces and the 
temperature gradually raised according to a definite 
schedule, the final temperature attained bring deter¬ 
mined by a number of factors, such as the liability <A 
some of the constituents to violmtlhxo, or to react with 
each other and the carbon. 

After cooling in the furnace, the carbon* are un¬ 
packed, sorted, cleaned and gaged, the latter procoss 
consisting in determining the diameter, as but small 
variations In diameter are permissible; tho carbons 
must also be quite straight. Some solid carbon* are 
electroplated with copper on the holder end to make 
a hotter contact between the lamp holder and tho car¬ 
bon. After plating, they are dried and made ready far 
shipment. 

It is, of eourse, necessary to keep all flame carbons 
dry, as water may cause reaction* between some uf the 
flame material*, or may net up on a carbon-copper cell 
with some of the soluble or partially’ soluble salts as 
electrolytes and thereby destroy the oopper coating. 
Water has another detrimental effeot as shown by W. ft. 
Mott,* namely to react with the carbon at high tempera¬ 
tures, forming carbon monoxide and hydrogen; the 
latter may not only accumulate In the lamp housing 
and cause tho lamp to explode when started again, hut 
rapidly conducts heat away from the burning are and 
luwent its efficiency. 

The manufacture of oorod carbons is quite similar 
to that of solid, except that the carbon bare is different., 
and in forcing the die contains a pin which makes tho 
carbons hollow. After baking, sorting and gaging 
this oore hole 1s filled with a mixture of a carbon base 
and the flame materials with an appropriate binder, and 
the carbons are then dried. As cored oar bo ns are 
usually very long and of small diameter, a sine wire is 
inserted Into a small hole parallel to the core hole. This 
wire Increase* the conductivity of the carbon. In order 
to make a good contact with the carbon and the holder, 
the carl tons are "silver tipped"—that 1», first copper 
plated, then dipped Into solder, which solders the sine 
protruding from the holder end to the oarbon. Such a 
connection is a permanent one, and i* far superior to 
tho so heme of simply bending the rino over at tho end 
of the carbon as the slno becomes brittle when the oore 
is dried and is liable to break off. 

Wo now come to the question of desirable operating 
charaoteristiai for a flame are oarbon. First of all. 
such a carbon should bo reliable. It has been pointed 
out by Btolnmet* 4 that aftor high efficiency 1* attained, 
we can afford to saoiflee some of tho efficiency for 
reliability and other desirable factors. As will be shown 
below, the flame are la already of high efficiency, hence 
we place reliability as our first desirable characteristic. 

We may consider reliability under the four beads: 

1. Constancy of distribution. 

3. Constancy of light flux. 

fl. Constancy of color. 

4. Ability to start with cold points after the carbon* 
have been In use. 

The length of the are ha* a great deal to do with 
the amount and distribution of light. As the are 
lengthens, the voltage increases; it is stated by Hsehkr* 
that there Is a maximum definite voltage for maximum 
efficiency, that is, some definite arc length give* the 
moat light. 

The part that chemistry has had la Increasing the 
reliability may be briefly Indicated. It 1* readily seen 
that a Asm, are which burns brightly part of the time 
sal dimly part of the Mine can hardly b* said to have 
100 per cent wUabOhy K all the other factor, if* high. 
It may happen that all the flame material b evaporated 
from a given spot on the surface of the carbon, there¬ 
by causing a pur* carbon are for a abort time. Such 
changes, however, are now rare, a* a peat deal of 
constructive chemical worit has prasttoally obviated 
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this feature. Aa another factor affecting the relit* 
hillty of operation of flame are lamp* b the formation 
of slag on the points or on the lamp mechaidsffi. K is 
readily aeon that the proper proportion of tire flame 
constituents and the right kind of addition agente Cor 
preventing such slag* are of great importance, and lure 
again we find that extended chemical r toserc h baa 
resulted In the development of carbons In which this 
source of trouble has been largely overcome. 

It has been mentioned that the flame are b of Mgfa 
efficiency. The following figure* are from soma regular 
routine teste made in the laboratory: 



The slightly lower efficiencies with the solid carbons 
are due to the fact that they arc used in Inclosed lamps, 
to which the air has only limited aeoess, and so In these 
lamps there Is lew oxidation of the carbon and the flam* 
material. 

Some work by Henry P. Gsgo* at Cornell University 
im the efficiency of tho are stream proper may be cited 
here. This investigator found that with cored yellow- 
flame carbons the energy radiated aa lbht from the 
arc stream was 30 per cent of the total energy radiated 
by it; with the arc stream, from cored white flams car¬ 
bons 27.0 per ount of tho energy radiated by the are 
stream was light energy. The entire yellow are showed 
six candles per watt radiated, while the entire white 
arc showod throe candles per watt actually radiated. 

These values are for the spectral region between 
3.800 and 6300 AngstrOm unite, and for alternating 
current at 13.6 ampere. The following data may be 
preeonted as to the life of flame oarbon*: 

lit* la Hcure. 

A. C. D. 0. 

Cored, yellow. 12.0 13.60 

Cured, white. 11.08 11.36 

Holid, yellow.116.08 13S.0 

Solid, white.130.0 90.43 

These figures show why the inclosed flame are lamp 
is more popular than the old “Inclined trim" lamp, using 
oorod carbons. 

Haring Indicated at a number of points the important 
part chemistry has played in the development of the 
modem flame carbon, let us now takto up In greater 
detail some of the chemical aspect*. 

In the first piaoe. the selection of the proper ma¬ 
terials for the manufacture of flame carbons to to a 
very large degree dependent on the ohemJoal properties 
uf these materials. When we consider the oarbon bare, 
we find that the chemical behavior, as well as the phy¬ 
sical behavior of the various so-called forma of carbon, 
differs with the type of carbon employed. To us* an 
extreme case as an illustration, we know that tbs chan- 
Ical properties of graphit* dtflor greatly from thorn 
of lampblack. There are likewise timft a r differenets 
between charcoal and lampblack, petroleum coke and 
retort ooke. Thto, in partr account* for a different 
oarbon base being used for eoUd and far cored carbons. 

To a greater degreo than tbs proper selection pf tbs 
right carbon base the selection of the, right sort of 
flame material arid the ri^ht sort of addition agsnte 
with thto flams material ha* bean a cheptiCal prbbhsn 
This to illustrated by ton fact that to-day we fatawnp 
bett* material than eatofaun fluoride for the main «o»- 
stitomt of yellow flame carton*. I do not think 14rOT 
exaggerate the matter tot tfaa leant whan I say ttot 
compound* of evWcy componnd-fcrmlng atoms** bar* 
bem imipuml m jo frf nbiUiMi to (*to 

flame c arbons- «*» of them to,all sorts of ponftli 


power defend* apCtitb* amotmt af flatus aifltnfl 
waff tawmi mcro-aHWt''.«Mtia«k«^«tom;iM 
however, may be hnf «««.$* WMW SpFj 
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ftrti of silAua fluoride by weight. 3 3 10 

Parts efatjws salt by weight. 0 12 3 

Umm spburical eandla-ixnrar,. 037 1,068 766 674 

Al l* seek, then 1* » nuudmum per oeut uf each of 
tb* eoultamts vUdh Vtn give the mod light. Thi* 
1* *8* with nearly every subttanoe which may bo 
added to the eelotan -fluoride, and when we eonsider 
UMt fleaxn ooutain three or more suhstanoea In addi¬ 
tion to the main cwasttaent, it I* readily Men that the 
ntee adjustment of all theeo lahetanoee to each other 
presents eome very intonating proMnma. It atom »*- 
pisjs* why eo muah of oar knowledgo ha* been obtained 
ha an empirical way. It la, of oourve, undaetood that 
tie maxima for different addition agent* do not coincide. 

The ohermkwl control of the impurities present in 
the raw material! a of great Importance. Silica, ferric 
oxide and alumina, ai ti well known, are common im- 
puMa* in calcium fluoride, and it eo happen* that too 
much of thcae bnpurltloe will make a poor burning 
cartoon, Bilks ia especially undeairablo, a* calcium 
sflkate ia very non-volatilo and so is a frequent cause or 
alec formation. The analytical diffleuHle* in deter¬ 
minations of fluorine, silica and men earth* m the pro- 
amtee of each other and of earl ion are very great. 

The unbaked carbon ia a poor conductor of electricity. 
It la also rather friable. In the baking, the binder in 
ooked and the carbon ia rendered homogeneous and 
conducting. This caking uf the binder ia the chief 
chemical change in the manufacture of the carbon. 

We now have to consider what chemical change* may 


oeeur daring the burning of a flame carbon, and how 
theee may afleot the light emitted from the flaming are. 
Than are throe poaribk> siniroca uf light in the flaming 
an: dartro-luinineeceooc, thermo-lumiaeaeeDoe,and oho- 
mfluraineeoenee. We do not know to what extent theee 
three factors affoot the light radiation in any one ease. 
We du know, however, that In general there are two 
typos of flaming ana, (1) those In whloh the outer 
•heath seems to be intensely luminous, (3) those In 
which the oore of the are scorns to be more luminous 
than the sheath. With very few exceptions area of tho 
latter typo gtvo light of the shorter wave lengths. Wo 
havo hero an are into which calcium fluoride b> intro¬ 
duced, it ia a roprweatatlvo of the AM type; here la 
an are into which, chromic oxide la introduced, it l» of 
tho latter typo, King has recuully reported* tliat In a 
tube furnace almost all uf tho apontral lmoe seen in the 
are spectrum of titanium appear, so that it would appear 
that in some cases a large proportion of tho light from an 
arc i* due to thurmo-lumlnesccioie, though all possibility 
of chemical change was not precluded by these experi¬ 
ment*. 

OldcnlsTg' ha* made a n]ieoLro-lu>liographlo study of 
various ares, with sonui interesting results, For ln- 
stanco, ho concludes tluit in tho sodium are, line* belong¬ 
ing to tho principal series such as tho “D linos” are duo 
to chemical reactions between the vapor and the air. 
Band siwotra seem to lie of two types; thoee of tho first 
type are dun to collisions of atoms in tho high tompera- 
turo core of the arc The cya nog en han ds a lways seen 
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In a oarbou are he aaeribea to ooUlsiona between carbon 
and nitrogen atom*. Banda of the second type am 
found in the sheath of the are; they are due to unde- 
onmpnaed molecules; tho band* of tho ealolum fluoride 
spectrum are of this type. When we oonatdir that tho 
flaming are ia a miniature nkntrio furnace; that Framy * 
showed years ago that oxygon converts calcium fluoride 
into ealolum oxide; that oaloium oxide and cartoon react 
to give oaloium carbide and carbon monoxide, and that 
the other oonitltuenta of a flamo carbon may react with 
oaloium fluoride, with tho carbon, with each other and 
tho atmoapharie gases, we soo that it ti possible for 
chemical change* to play an important part ia the pro¬ 
duction of the light of tho ealolum fluoride are. Kaoh of 
tho possible substance* may play its part in thla light 
emission. 

In conclusion, I think wo may safely say that the past 
progress made in tho flaming are art has been doe to the 
cooperation of the chemist, the physicist, and the elec¬ 
trical engineer; tho future progress will likewise be de¬ 
pendent upon their combined efforts. 

It might not ho out of placo to point out that the bu- 
havior of any one substance in tiro are is determined by 
tho condition* surrounding that substanno—it behaves 
according to doflnito chemical and physical lawa; and 
that our knowledgo of these laws for high temperatures 
is exceedingly meager. On tho other hand, once those 
laws are learned, it will probably bo easier to build lamps 
to suit the carbons rather than to make a carbon to lit 
any and every lamp. In the extension uf our know!- 
odgo uf these laws, chemistry and especially physioal 
che mistry will pla y an important part. _ 
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Uniformity in Dosage of Radium Emanation* 

The Various Forms Employed and Methods of Preparation 


Radium emanation 1* tuommlug Importance ns a there- 
politic agent Tim Council <ui Pharmacy of the Ameri¬ 
can Medical Association lia* listed radium and it* 
emanation among now and non-olflctal remcdlc*; an 
Increasing number of physician* are using tho emana¬ 
tion In their practice, and article* and advcrtl»eraont* 
oti the subject are appearing In tho modlcal journals. 
Blnce radium and lta emanation arc becoming recog¬ 
nised aa belouglng in the materia medlca. their produc¬ 
tion and properties and tho etanilardlxatlon of their 
proparatioua may bo claimed to come within tho scope 
of pharmacy. 

itsAlum Is prepared frean rarmSlto (vanadate of ursu- 
Inm and potassium), uraiilulte or pttch-hlendo (uran¬ 
ium oxide), and samanktte (columnbale and tanialate 
of nranlum and yttrium). Radium has an atomic 
weight of 320, and roaembloa barium In lta chemical 
propertlo*. 

In lta characteristic profierty of radioactivity radium 
hi aubUmely Huporior to lta cnvlronnieut, whether In 
it* natural mineral* or Isolated from them, and In all 
of ltn chemical compouial# It 1" coii*tantly einltlliiK 
alpha rays and emanation at a uniform rate, and there 
la no known way of influencing or halting this activity, 
which ia not affected by the extremes of heat and cold, 
by preasnre or the strongest reagents. This radio¬ 
activity Shows the energy which result* from tho dl»- 
Intsgratiou or transmutation of radium Into elements 
q# low atomic wolfhti. 

. A mtUlfrunu&« of radium axpeli 180 million ■opurato 
alpha partldaa per second, which are made visible in 
g spitharlsoope. The alpha rays emitted from one three 
tbOgasml mmtonth of a grain of radium can be detected 
by tb* gpM-leaf electroscope. Olio .rays are given ont 
uniformly bn all directions in the form of continuous 
volleys o t tiny projectiles traveling st a rate of 12,000 
mJlM par second. Thair range is nearly three inches in 
‘ air and puny yards in a vacuo®. Ttoey are not pene- 
Mflfam Nog absorbed by thin sheet* of aluminium, 
pp or flaw Only a small fraction of the alpha 
partitias Is set free, unties the radian salt la spread 
Mtt ao as ho present the largeat poaeiWe surface. 

The e wwnttoo is a gas. which, in tom, steadily 
dtatntograiw into alpha particles and rsdinm 4, from 
>, rtfe* ths same vsyoema radium B, C, D. K. and ? 
'}< Ip tonflin It is ttesa products, espsdaily 
■ are «lv« off. 

. Am let* tm '•» ****** 

. -aa»*>a tho cathode rays,. «w** that the velocity of 
.tiotoaih'gutUH So Mdhimten appmachlnc the ve- 
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X-ray*. They are far mure isnotnillng than tho alpha 
and beta ray*, and u*«! In tlio external application of 
radlnia In cancer, the other* lielng easily exeluiled by 
thin metal niter*. 

Tho emanation ha* an atomic weight of ‘JZl, ami a 
characteristic bright line spectrum. It belong* In the 
group of Inert innuuLranic g**c* with helium and argon. 
It Is not xbxorhed by any kanwn re agent anil show* 
no power of chemical combination. The Damnation 1* 
100,(100 time* a* active, weight for weight, a* radium. 
I,ike other gases. It ran he collected, confined and 
hand Ini In ordinary gluna containers. This I* usually 
dona only when It is mixed with enonnnmtly greater 
volume* of nlr or other gases. I,Ike other g**m. the 
radlnm damnation 1* somewhat soluble In water. It 
dlslntcgratra at the rate of one-hair In about four dH.v*, 
and since the radioactive product* into which the eman¬ 
ation disintegrates deray at the rate of one hair in a 
few minute*, it follows that tho total radiation Train 
I he emniuitlon nml the subsequent disintegration pwsl- 
uct* dec reuse* at the name rate a* the emanation, name¬ 
ly one half In about fimr day*. 

Wien wntor with cmanntlon in solution Is left In an 
open bottle the emanation diffuse* out, and If the 
water is slmken np or otherwise disturbed the prmrs* 
of diffusion of the emanntlon I* accelerated. From 10 
to 30 per cent of the emanation In solution in water 
may he lost by pouring from one vessel to another. 

The atreugth of radioactive water is usually ex¬ 
pressed In mnclie unit* is>r liter. Uadtoactive water of 
2,700 macbe units eontntns per liter a* mnrh ctuans- 
tlon a* Is emitted In thirty daya hy one mlcrogramme 
of radlmn (1 mache unit equals 0.001 electrostatic units, 
one of which equals iUU by 10-" amperes). The radio¬ 
activity of water la measured hy a fontnctoaeoiie, which 
ta an electroscope with a chamber for ionised air and 
a scale for measuring and timing tho discharge. The 
Instrument 1* standardised by first testing a solution 
of a known amount of radlnm chloride which ha* been 
sealed thirty day*. Orest care must bo used in sam¬ 
pling the water. 

Water la charged either by dissolving the soluble 
bromide or chloride of radium or hy submorgtng the 
Insoluble sulphate. The later is more economical, but 
the sulphate must be in e minute state of subdivision 
end must present the largest possible surface. 

There are several way* of accomplishing this: 

First—Precipitating the sulphate on asbestos and 
placing it in a porous call. 

Second—Mixing It with charcoal and forming into 
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advantage of using an Insoluble writ I* that It can ho 
employed reisutcdly and It* iinc continued Indellnltely. 
Tho terra cotta rod* ran he UNud eighteen hand rad 
year* and still liave half tliclr nullum content available 

Moreover, they avoid Introducing Into the organism 
a permanent radlo-Hctlve body, a* I* done If a soluble 
salt t* administered. 

While a given amount of radium alway* mult* a con- 
Htaut and uniform amount of emanation, the proportion 
given ont by au luxoluble wilt driicnds upon Its state 
of subdivision. 

lu the Insoluble writs ino*t of tho emanation ia oc¬ 
cluded by the salt Itself; In compact form the sulphate 
will Duly yield two and a hnlf per cent, while If It la 
flucly powdered and divided so tluit It presents a large 
surface, ten por cent ran bo obtained. 

A uniform strength of emanation I* obtained whan 
the same amount of radium sulphate ts held in the 
**me state of huImIIvIhIoii, submerged lu the same vol¬ 
ume of wntor for tlie Mime length cff time. 

If It I* desired to prepare donee of 100 macho units, 
and the Htilphate ran be held In such a state that ten 
l*cr cent of Its emanation 1* available (a* 1* the case 
when distributed through porous terra cotta) it will 
lw convenient to use eu amount of radium which would 
yield 2,(100 mache units and submerge for four daya 
In tightly closed containers, when one half of ten per 
rant or 100 mache unit* will be obtained. 

The stronger natural springs contain from one to two 
burnt red mache units per liter, with which they are 
charged while flowing over radioactive minerals or pass¬ 
ing through cavities where the emanation has collected. 
The reason why msny mineral waters when drunk at 
the spring* give therapeutic results unattainable when 
they arc bottled and transported. Is the speedy dissi¬ 
pation of the fugitive emnnntlnn, whloh 1* reduced to 
one half In four days unless there la a source for lta 
renewal. The mean* of renewing the radioactivity of 
bottled waters, or of charging any water with emana¬ 
tion, are afforded by the above-mentioned deview, and 
the physician may prescribe a drinking cure which can 
be carried out with precision in the patient's bona. 

The chief effect of the radiations from radium and Its 
disintegration product* I* to produce an Ionisation of 
the atoms of whatever substance the rays peoatrate. 
Chemical effect* follow a* a secondary result of the 
Ionisation. Von Noorden end Falls say that "in con¬ 
tradistinction to all ether forma of electro-therapy, we 
iXKsess In the radioactive sabstaneea • mean* of carry¬ 
ing electrical energy Into the depths of the body, and 
there subjecting the Juice*, protoplasm and nuclei of 
the cell* to an Immediate bombardment hy explosions 
of electrical atom*. We may, therefore, designate this 
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AW Dmrtg and Fire Darta* 

Mvbfi before tbe war bags the French nude n an/ 
experiment* it throwing missiles fr m aeroplane*. Tbe 
beet known of theee projectile* an. in ell bomb* or band 
grenadee about a* big a* oranges which are launched 
from tnbee or thrown by hand at large terrestrial ob¬ 
ject*, and which explode on Impact Experiment* were 
made alao with a large bomb or shall which wax al ing 
beneath the aeroplane and droj ped by casting looee It* 
Tending cords. Not many of theee large bomb* 
hownrer can be carried by an aeroplane 

A rsry different mlaalle the short steel dart, ha* bee 
frequently used by trench aviator* during tbe prase t 
war Thaaa darts are rode of pressed steel about a* 
thick as a lead pel til Four grooves extending thro igh 
two thirds of the length -anal lerably diminish the set 
ttooal area ai d weight of that part of the dart and give 
tba crom section of the tall the form of a four pointed 
■tar 

Hence the dart always fails with Its heavy cylindrical 
and sharply pointed bead directed downward 'flu 
dart* are made in two lengths about four and six 
Inches with corresponding weight* of ft and K ounce 
They are thrown with tb* aid of a special device In 
bundle* cantalnlng from thirty to fifty darts but they 
promptly separate * that they are dispersed over an 
area of 6000 square feet on striking the ground when 
dropped from * elevation of about 1 BOO meters or 
5000 feet This 1 eight of fall give* them a striking 
velocity of 200 meter* (about 080 feet) per second ap 
proxlmstely that of a rifle bullet, eo that they are able 
to Inflict eerere wound* 

The effectiveness of these dart* cannot yet be coodu 
rively Judged In a case reported to me by aye wit- 
nernea a shower of darts fell upon four companion an 
oamped in a email (pace One third of tbe dart* found 
victim*, *ud Inflicted many mvare and a few fatal In 
Juried The condition* were especially favorable for 
the attacking aviator and this example should serve a* 
a warning not to encamp several compel lee together 
In another sue I f und that the dart* bad only slightly 
wonded a few to n One dart bad struck a homes 
r mp li Dieting a (al ful flesh wound but not disabling 
tl ai I nal 

Another aeroplane missile 1* the Are dart devised ea 
I ax tally f r attacking and deatroyiig airships. The 
cvp« rime tx with fire darts that have been carried on 
I tb Flflrt Tower and elsewhere In France since 1910 
hav reuffted 1 the construction of a service type 

/Trie < mknlsehe ah iff 

A nasldent f the f rmu s V sad na ntw 

ng tbit In tb* m lyitsm t U about 10 (bows that am 
iltltads f a wo 000 m« tin woo d bo nqnliad to prod on 
a nlorlty of 100 mot sac *v*a *a me** A Uofh greater 
bslght wool 1 be reqnlrtd to predom tbs sum rseilt ta alr- 


wll I will probably bo owiluyed 1 the | resent war 
Ills flro dart la 10 Inches long &2 Inches thick and 
J I ounds In weight It consists essentially of a tube 
c talnlng me half pint of benmlne and a (tout steal 
needle In falling It 1* k it In a vertical position by 
th a tlon of a Uttle arrow propeller at It* upper end 
When It fulls on ai airship the point of the needle 
1 r tru ling from the 1 wer «d of the tabs pierce* the 
gas bag to which the tube la then held fast by six 
flub hooka The Impact ignites an explosive mixture 
packed ar ui il the needle and the bexudoe and the gas 
of the alrahli are lgnltod In rapid succession I have 
ot yet heard f thL employment of these Art darts In 
the l rest t war 


Philosophy and Technic** 

Wt regard tbe triumphal program of the natural art 
eicee with justifiable pride At Immense fond of 
1 owledge ha* been accumulated problem* that seemed 
b i* less have yielded to research and upon the pro¬ 
gressive understanding of the harmony of nature has 
been reared tbe Imposing edifice of modern technics 
the characteristic monument of our ere Although many 
Important questions are still unanswered and extensive 
Hells of knowledge have been only discovered not ax 
plorod yet a sort of xf pplng point seems to hav* been 
reached The recognition of this fact Is manifested In 
the newly awakened ti teroat In the history of science 
and In the endeavor to taka stock of the remits hitherto 
accomplished and to attain a clear idea of the real 
value of arionca 

For the sncceaaes of science have not prereotad the 
uplifting of voices warning against over-valuation of 
those successes. Skeptics bare asked If th* program of 
chmnlstry and physic* has brought na nearer to ‘tb* 
troth Have we made a single step toward tbe under 
* tending of the essence of things? The number of theee 
critics is Increasing and the expeeaslon bankruptcy at 
science Is heard Doubter* have arisen In tbe ranks 
or sdsne* itself It was * i hyslcUt who defined seUoe* 
as economy of thought a means of arranging for oon 
vealent reference tbe tmprearioua with which we are 
eformed by our environment 
Technology appear* now to be undergoing a similar 
devel i ment To a npsrfldal observer it ritowa ffdandld 
triumphs, the accomplishment of results onthooght of 
a few decadss ago In th* words of Laapneht It Is 
no longer an embryo but a well-developed, beautiful 
and strong personality In the aenlth of Its powar This 
maturity appears to be leading to Introspection. We 
look away from tbe work In order to discover the tree 
acres <ft taehrrtcs, and ads Inquiry hmdvae othM* no 
lam Important for which we hava no$ hlthario had 

* Tnsxktxd from Dr Oasather Bsfft’ *XMt la MW* 


us? Dorn It mean potUflf more than m 
of aclantifle dtsootarim to the aoto&n of probate prob¬ 
lem of utiBty? Is its ar rxharetadta |t* eoooomte 
value la th* mti sf hc do a of tb* Impals* toward srtf 
preservation, la tb* eham ajtar wgrtth U* aoawatia 
power? Or ie U baaed on aom* idea klghwr than the 
prindpte of utility? In other woe*, 1* there a phlloa- 

Xn tb* yaar WT Freest Kapp pubUahada book now 
aimoat fbaottan. «wn«ii OutUnre of a Philosop hy at 
Technics ( O ren fi to w Hmtr JWkMfMofllrne* 
nth ) The author who cam* from th* oamp of Hagai 
endeavored to explain from th* anthnpceetffrio View 
point the whole davriotsaret of teetotal tff tmoonadore 
projection ot the human organism re UKtareat 
things. In this theory th* hand, am stiff fits aw the 
prototype# of th* sarUaat tools and utqptfl*. Iff the 
hammer the am U prolonged and the sower of ty* flat 
Increased tb* rigid forefinger with Hs sharp nail is 
Imitated in th* drill tb* tasth suggest the 111* and saw 
tb* hollowed haud Is the pattern of the hovfl Tbe part* 
of the body eepedall; th* hand, project their (Hmsp 
■Ions and numerical rotations also. The span, foot, ell 
etc were th* earliest units of measurement and the 
tan fingers gave us tbe decimal system of notation. 
Bven the movements of the Utah* are repeated In ma 
chinas for levers pendulums, axles cords and hinges 
are found In the human body 
Kappa theory has been eritidaad by several writers. 
Bytb, oos of the moat philosophical of teohnlcfens, has 
objected that weaving fire-making and many othar la 
portant tschnloal art* cannot be explained by the pro¬ 
jection of human organs F Beuleux has asserted in 
his valuable treatise on tbe theory of machinery that 
the most rapid progress m technics baa been mad* where 
men hav* freed tbamaelvea from natural pr ototype* and 
tried to solve problems by their own means, often 
radically different from those of nature, 

To these critics it may be rej lied that Imitation does 
i ot necessarily mean tbe production of a perfect like- 
ncm Biol gy furnishes technics with elements Which 
are employed In altered forms and combinations eon 
dttloned by the nature of materials F r axampl* It 1* 
at a valid objection to th* theory of projection to show 
that continuous rotation about a fixed axle dot* not 
occur In the bnmen body Th* movement of the arm 
1 a circular arc about the shoulder Joint contain* the 
same element of motion that we find developed and per¬ 
fected, in the swiftly turning wheel of a machine. 

We must, therefore agree with Kapp that there la a 
remarkable similarity between mechanical tools and 
human organa It Is another question whether wa shall 
also agree with hln 1 regarding both ax expreaalona of 
a unperoelved uetat liysksl principle Here the 
pl lloeophy of technics becomes merged In th* general 
1 roblems of philosophy and agreement or disagreement 
with Kapp will be coi dlttoned by the viewpoint at each 
li dividual philosopher 

Metaphysical philosophy Is not In great favor now 
a (lays Philosophy la continually becoming more prac¬ 
tical. As natural philosophy It stands in intimate 
association with the natural sciences or It mb a con 
neetion with psyAotogy or It Invadaa the field ot 
ethics In Uke manner the philosophy of technic* has 
became a philosophising about tonfcniox •„ introduc¬ 
tion of psychological social-ethical and other problems 
Into tbe Held of thought of technic*. These questions 
are discussed by Bberhard Zsehlmlner in a recently 
1 nbUabed book (Die PMotopMe tar TtoAnUc) which hi 
symptomatic ot the Change* that hat* occurred in tits 

to technic* the organic part of a greater phenomenon" 
namely the development of driUaation (Falter) By 
extending the range of our eeuM and increasing our 
powar over the force* and material of nature tack 
tdo* assures to th* human race tba material fraadem 
wUeh it needs foe the oooaCtoua, creative wot* of pse¬ 
lecting It* d*T*topntee& Haoca, tba fraction of the 
technician is comparable with that of the arttat, foe 
each b devoted to th* oooadoas reallmOgn pf in ft* 
pereooal Idea As tbe Idea *f art is uafoidsd in th* 
experience and enjoyment flf th* artht'strtatice, do fo* 
idf* of technics Is Mated In th* Um warms and M 
Juy uT of the mate rial freed om which th* week ef tbs 

Unhappily we are yet Ar Oatutt freat UHa altimata 
goal of teehnloi 0*rtaia eoanmnle fftamew* toff 

ttoe are so eoagplewMS as fit* taaqltt of tMtntafffj* 

*22* Betas? WJMMt’teWiMWh 


m te nwholeaUM byproducts Th* object bta 
pM re c ^ tffteri^ M wprore that (feats te 
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The Gas from Blast Furnaces—III* 


Its Cleaning and Utilization 

By J E John*on, Jr 
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SrllWART BATFH nimWTFt RATO* OAR WAM1RR 
Thb Ht liwarn-Bayt r »y»tem of gaa leaning makes 
un of the disintegrator principle and lie general ar 
rangement is nmpk The complete aet of gna-daamng 
apparatus oouniU of a disrategraton In urnneotion with 
a saturating t ham her in the form of a hood then a fan 
placed immediately behind the disintegrator anti finally 
a water separator In ust 1 ith primary anti Anal 
(leaning are il»wired in Ruth ret* >f apparatus an 
need tin setond t f which further leans th gas wluoh 
has hetn primarily (leaned in the first 



Fig* It and 20 —Hefawarz Bayer duintrgrator gaa 

w amber 


The disintegrator a* shown in Fig* 19 and 20 eon 
•Mts substantially of two net* of steel pm* oold riveted 
to two steel disks whl h disks are set suit by «de and 
revolve in npp mile direetii n* 1 he pina of t nti remit 
mg disk whith mttrlain with the pins of the othtr 
revolting disk f mt with the watir through the i fits t 



tf rotation and dripping a fine spray or mat which 
alliws a thorough mixtun of the water with the gas 
irevt ling among and between the pins before leaving 
the apparatus 

The gase* from the blast furnace pass from tht raw 
gas mains dimity into tht. disintegrators without pro- 
viiusly passing through Zwhocke towers ur similar 
preliminary washer or cooler Tht gas enters through 
the top >f tht. hood and pane* toward the center of the 
disintegrator while water is being introduced through 
the sides to the winter The hood sets to sumo extent 
as a pre-cleaner and oooler as some of the spray from 
the disintegrators is thrown into tho hood and there 
fumos in oonlaot with the hot gas and rapidly evapo¬ 
rates simultaneously ooohng the gas By the rovolu 
twin of the disintegrator the water is projected toward 
the ptnphery of the apparatus and is brokon up Into 
a fint spray Uu gas mixes thoroughly with this water 
and ts tooled and most of Lho dust rontaintd in tho ga* 
i* precipitated Die gases pas* through the disintu- 
gn ator in a current counter to that of the water 

The application of tho tounter-cumnt principle in 
able* the gas to en ounter t leant r and t ilder water m 
it* passage through the dinnligrator htnte it is better 
Itaned and its Umperaturu is reduoed mire nearly 
11 tho Umptrature of the entering ooohng water This 
print iple has tho effett of materially nduting the 
amount of water and powtr tonaumed Fath disk u 
tliroot driven 1 y an individual motor and the speed is 
dottmined ly the tltgreo of tleanlineas desired m the 
non The ga* is drawn through the disintegrator by 
means of a fan lot alt d immediately behind the disin¬ 
tegrator apparatus and | asst s from the fan to a water 
separator 

The u*n of pins m this apparatus a* a dimnti gratmg 
nurilum all iws the passage of the ga* with viry llttlo 
rt mutant e and a consequent nhnng in ]* wer Tht re Is 
al«i very little possibdtlv of the dust settling tin the 
pins and I «png up tho apj aratus 

fowiar a mfdly vebtii ai t a* warhar 

Tht* apparatus a* shown in Fig 21 intudsts of a 
cinular tast-tron asing ooutalning a revolving shaft 
running virtually through the middle On this shaft 
are fixed a rmmlsr of duke made either of steel nr of 
tost mn depending upon whether the water used is 
alkalim or at id Faoh disk is equip pod with a tollor 
st panting it from the adjoining disks and eat h collar 
u | unohtd or drilled with six h lies through whioh six 
holts pass vt rtjfally thus holding all tht disks in plat t 
Tht shaft is direct driven with a vertual spindle motor 
Two flxtd water *prays are providtd fir eaoh disk 
diam trually oppomte each othtr ono on eath side of 
tht washtr and projecting betwtm tooh pair of disks 
Tht jtts of water whtib art lntroduted through nnrrles 
having about 1/H-inch optnmg* inter with sufficient 
pnssurt t» stnko tht t illar belwetn tho disks and 
as the disks revolve tbi water Is thrown against the 
t p and bottom of these disks and then against the 
t ubude wall of tho casing creating a flno spray or mist 
in the spare between the outer edge it the duk and the 
wall of the casing through which spare the gas passe* 
The gas enter* the washer at the bottom paaaes through 
this spray or mist and leaves elean at the top 

lhu washer can bt used for etthir primary cleaning 
ir final oleamng or both in case final cleaning is de¬ 
sired two was liars would be used in sene* the first 
apparatus to (lean the gas sufficiently for primary pur 
pomes and the second apparatus to finish the cleaning 

ntD nAS WASHES 

The Feld washer is shown in Fig 22 consists of a 
rents of superimposed seouons, the bottom of each 
st turn being provided with ports for the peerage of 
go* 1 he gas enters tho bottom of the washer and 
past** from ahaznber to chamber to the top whence 
it is led away Each section or ohamber u provided 
with a sense of cones perforated at the top sad mounted 
upon a t aat-tron spider, which is earned on a vraUeal 
shaft The shaft w suspended at the top m a specially 
designed anti fnetxm bearing, arranged eo ra to reduce 
the power required for operation to a minimum The 
water is admitted into the top of the washer had over¬ 
flow* from motion to sertloti through the gas porta 
the dirty water rataratod with drat leaving the bottom 
of the waaber 

Whan the shaft revolvra the eon* do Hk ewira, sad 
the water is raised by eeatrfagal force tfcwg the% 


ner sides of the cones and is atomised at the upper 
odge TW* upper edge of each cone m a little higher 
than the next outer one thereby forming a oertain 
number of horuontal sprays of water, depending on 
tlu number of cone* The upper portion of the outer 
cone which is somewhat higher than the inner one is 
perforated The inner cones supply water to the per¬ 
forated surface of the outer one This results hi the 
formation of a series of oaacadm composed of very 
small drops of water through whioh the gas mast pan 
en route through the apparatus 



Fig 21 —howler and Medley vertical gas wssher 


Tho washing u accomplished mostly in tho lower 
section* while the upper seetwma perform primarily 
tho font tion of cooling tho gas 
For primary wastung the Feld washer is oonstrusted 
with seven chambers or aootKina the lower three being 
the wsailing ohamber* the fourth one being a separating 
i bomber and the upper throe bong the cooling cham¬ 
bers for final washing in the eaae of tho gaa being 
required for gse-engiae purposes tho gaa after being 
primarily (leaned u, paused through an additional washer 
of tho name general arrangement 

lotto crsTairuoAL oas WA*naa 
This gas washer is oonstruetod by the Roemng- 
f most Company of Pittsburgh Pa and is designed to 
oonl dean and if necessary dry the gas in ono appa¬ 
ratus Thu washer consists substantially of a vertical 
outer easing a tube whose lower end u provided with 
re rraturns extending to within a few lathes of a water 
real a revolving mvsrted trap and a sleeve easing at- 
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Fl« H .-Ba p a iriir a |u weaker 

Uebed to the inverted cup The outer casing the tup 
tin tube, and the sleeve owing are provided with shell pk 
md vanee The apparatus is belt-dnven The spindle 
of the rotor on which the driving pulley is fastern il is 
hollow and the weight of the rotor is taken up by thi 
shaft Inside of this sleeve held by a ball bearing which 
is backed by a rubber buffer in order hi equalise any 
irregularities during rotation 
As shown In Jig 28 the hot gas miters th< apparatus 
at the point A pauses over the water a certain amount 
of which the gas takes up by evaporation anil thin 
passes into the tube B through thi serrations at lU 
base During its passage through this tube the gas 
and water vapor am subjected to a thorough boating 
and misbif by the action of the vanes ( of the revolv¬ 
ing sleeve easing D fastened to the top of tlu mvirted 
cup Jt. The gaa passes into this inverted cup which 
is rotated by the driving sleeve f and the pulk y (, and 
then flows downward, around and under tin kiwir edge 
of the oup and then upward betwea n thi cup and thi 



clean primarily cleaned and cooled gas to the degree 
necessary for use in gas engines The principle of this 
system ooniuta in creating in a vertical tower a very 
line spray or mist of water by means of an injector of 
the Kflrting type in whioh water under pressure is 
a to mired by means of e o mprws o d blast-furnace gas 
the spray be mg produced hy the expansion of the com¬ 
pressed gas An intimate mixture of the spray so 
formed with the dirty gas entering the apparatus is 
obtained by the arrangement of the apparatus 

A separator is provided m connection with this ap¬ 
paratus whw h cunsists substantially of a cone arranged 
In tbo lower part of the tower in such a way as to leavi 
hi tureen tho bain of the cone and the wall* of the tower 
a terv narrow passage through which the gases are 
forced over tho surface of a water seal where the dust 
and water vapor are deposited 

In the accompanying drawing Fig 24 A is the ver 
tical teiwir the lower end of whuh terminates a short 
dmtsnip above thi surface of the water seal D Within 
thi lowir end of the tower is arranged a conical de¬ 
ll oc tor ( and near the top of the lower is the gas inlet 
B Ihe lower section at the towir 4 is surrounded 
by a casing which is open at the bottom and extends 
la math thi surfam of the water m the seal A gaa 
outlet / is provided in connection with tho outer 
i rising The Kortmg injector is located at F and the 
fiid water for saint is supplud through the pipe f» The 
priHsure 1 * supplud hv withdraw mg a portion of the 
punttod gas from thi outlet pipe F and fiming this 
by the compressor A through the pipi II into (hi in 
jo< tor simultaneously with a stream of water 

FINAL DHV f I WAKING 

(Some of those *> stems i an also he applied to primary 
fli ailing) 

UAlBVnrKH BVTH GAS-CI VAN1KO STSTXU 

The principle of thi Halbtrgir Bi th system shown in 
Fig 25 is based (mmanly im fllte ring the gas through 
canvas bags The gas coming from the blast fumati 
pames through the usual dust lafahers and gas mains 
to a cooling lower where tho tempera! ore of thi gaa is 
reduced to about 175 dig Fahr The moling towir is 
arrangtd so that thi noroscrery amount of cooling can 
hi ac oomplishf il oither by air or hv direct mnlait with 



Fig 25 —Halberger Beth gaa cleaning ayotra 




outer easing H The outer surface of the revolving cup 
la provided With oopccntnc ahelvea X*pnd the outer casing 
B ■ provided with downwardly tnelroad shelves / which 
ittem the washing water grom the wate r s c a le d stuffing 
hdg Sand through a aeries of water pipes £ The water, 
faffing on the rapidly rotating shelves of the oup is 
thrown by oeetnfngal force against the mner walls of 
the wing ahd them ilotn downwardly along the in* 
etbrnd ahelvea, dripping on (a the nest rotating shelf, 
sal ao on In this way the tea, while subjected to a 
thorough whtrflug and beating action, has to pass upward 
emuMi Oom of tasty divided water or spray 
whfia the water paste* downward, carrying with it the 
ggyi ^dhwntW sa 

djjfc*f2aMrtflna mebgftm the apparatus meet- 
dhttW water Ihe apparatus 

vm rf fhn h j*ovtt*d mth a reek 
s«Mt m be peeked with suHeble drying 
is «■** *0 fl* the |as beftnu kevtag 


S**jm*^*« ***** 


water depending on the temperature of tlu gas intenng 
the cooler which t< mporature is naturally vanahh in 
accordance with blast furnace condition!, 

From the cooler the raw gaa by means of thi suc¬ 
tion of a fan placed btyorul the flits re or without a fun 
when the pressure of Ihe gaa issuing from the furnace 
is sufficient passes into and through tlu canvas filter 
inf bags depositing its impurities on the surface of thi 
bags These cantos Biters an contained in a senes of 
double compartments each usually holding twelve can¬ 
vas bogs in rows of three to four bach bag is about 
8 inches In diameter hy 9 fat 9 inches long and is 
equipped with a ring at each 18 inches of its length to 
prevent entire collapse of the hag when cleaning Thi 
hags are fastened into a stationary header at the bottom 
this bottom end being open while the top u dosed by a 
steel plate Kaoh bag Is oonneeted with a shaking 
mechanism located outside and above the liter compart¬ 
ment, and at regular interval* usually about every 4 
mhratea, these bags are automatically shaken, a oompart- 
moot at a time for a pertod of from U to 30 seconds 
By means of a butterfly valve, the undeaaed gas is shut 
at btm, Ihrsae sp a rtra sn t whflslhs shaMag Isa pro* 


gn m and cleaned gas superheated to the proper tem¬ 
pi ralurt of about 175 deg Fahr is fon i d under pressun 
iuto thi compartment Thu causes a partial collapse 
of the canvas lugs whuh in conjunction with thi 
simultaneous shaking allows the dust to fall from the 
canvas The mpanted dust drops into a hopper be¬ 
neath the saiks whence it is transferred by means of 
a spiral c imvt vor to a bin from which it is loaded into 
fare At the ind of thi eliauing penod the butterfly 
valvi automatuallv returns to its original position 
It is quite nre notary to keep the temperature of thi 
gas ai about 175 deg tahr as if much higher than 
this then is danger of scorching the bag while if lower 
the water vapor in thi gas is deposited on the canvas 
and prevents proper nitration In ease the gas be¬ 
come* resiled below 175 dig Fahr in thi cooling tower 
it is suptrhcalrd by means of steam or by WAS 111 heat 
from the hot blast stovis to about this tempivature 
liefore entering the Altering bags After leaving tho 
canvas liags the gas requires no further chamng for 
gas engine> and is resiled down to the proper tempera¬ 
ture in cooling towir* of various disigns 

Ihe degree of chonlinew of thi gaa is indicated hv 
the cInarm m of the effluint water from them towir* 
and no setthng basins an required Consequently this 
water can be uses! over and over again whic h is a mate ri al 
** item 'ln - ^hstr^otf , whenTIvalcfi’ 

advantage 1ms m the non-pollution of streams the laws 
n lating to which are viry strut in curtain districts 
Thu system utilises the basic principle imploved in 
tho bag house system which has been used for the 
last 20 yiare in csinnoction with recovering vine dust 
from the gas issuing from xim oxide, furnace * and col¬ 
lecting dust from liad snulten 

TUT KAFNOGUAIH 

This instrumi nt shown ra Fig 20 continuously in¬ 
dicates tho re lab vo degree of cleanlinoos of the blast¬ 
furnace gas going to the gas ingnus and is extendvily 
used m kuroptan gas-cngmu stations One from the 
cleaned gw main pawns through this apparatus and 
impinges upon a coni mucus recording i hart upon whioh 
the dust in tbn gas is deposited The variations in Ihe 
amount of dust in the gas are indicated by lighter nr 
darker shades on tho recording paper depending on 
the amount of dust deposited The flow uf gas to the 
instrumi nt is maintenmd nlhir bv Ihi natural pressun 
c r thi gas or if this is nut suffle u nt bv an aspirator 
1 1 hind the outlet pipe Thi speed of the gw tel the 
nn/xlc is kept constant bv means of a regulator as shown 
in sketeh the ixuss gas ovlt the required amount 
escaping into the oulkt pipe bv passing uniter a parti¬ 
tion and through a seal of wate r 

(To 6s oMflmted ) 

A Unique Hydraulic Plant 

A novri potter plant for mipplvlii*. ilex trie lighting 
lias lieen put In operation In Australia The wnter 
power Is deilved from on artesian will from which the 
water locum nuclei gruit pressure When shut down 
this pressure reaches 270 pound* and the working 
premure of thi Jet Is 100 p minis Ibis pretewnn Is 
utilised In twu IifTel whrels which drive two cl)nlino* 
retell of 10 kilowatts cnpaeiti width supply current to 
a direct tnrrenl (wowire sjstem comprising eighty Bo 
candle powir no ml filament lumps thi numlier of inn 
sitmirs Is tng twenty flvi and the voltnge at couaumeia 
tc imlnals 200 volts 

Utilizing Old Equipment 

An Inginloua way to utilise old equipment was re¬ 
cently devised nt a powir station plant In Kansas On 
lng to additions made to tin plant a larger smokestuk 
was required and when It was completed the old stack 
which waa of steel 8 feet In dll meter and JOU feet high 
was int down to a height of T.5 feet ami the low 
er part reinforced by holler plate All openings wire 
closed and tightly calked and the old chlmmti waa 
tbua converted Into a very efficient water tank at a 
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Roman Technics and Industry in Early Germany 

A Commercial and Technical as well as a Political Conquest 


It ho* lawn mill that It ini not lore of conquest but 

..lc nect-mlly (hot led Rome to adrouce agaliut 

tlu 1 Germanic tribes which were couatautly pushing 
southward. An thine tribes were subdued Itouuin sway 
extended llrsl to the line of the Rhine and tbe Main, 
mill finally to the shorn uf the North 8f*. Tbe Homans 
owed tbe victory, II Is claimed, to tbelr auperlorlty In 
tbe manufacture of wiwpona and toota and to tbelr skill 
In the building of military roads, bridges, and fortifica¬ 
tions. After tho Germans bad learned these arts, ac¬ 
cord lug to this tbcory, they wore able not only to drive 
tbe Romans out of tho conquered provinces, but soon to 
apprer as masters on the other side of the Alps 

Cicero called the Alpe a natural wall of defense 
against the barbarians, and when the campaigns against 
tbe Germanic tribes began the Roman legions found 
llitisa mountain chains a troublesome obstacle. Hence, 
tbe Romans were driven to the building of roads over 
tbe mountains The Roman roads, all of which started 
fiom the capital, have been divided into roads extend¬ 
ing to Africa, Asia, tbe Iberian Peninsula, the Balkan 
Peninsula, and by stay of Milan to Germany, Gaol, and 
Britain. In the era of Its highest prosperity the roada 
of Home wore double tbe length of tbo equator. It was 
ono of the principles of Roman road-building that a 
road connecting two places should be straight, without 
regard to tbo necessity which might thereby arise for 
bridges, tbo piercing of mountains, or tbe crossing of 
swamps The roads had footpaths on each side, wero 
from over thirteen feet to nearly twenty-three feet wide, 
and sloped toward the sides Tbe materials of the par¬ 
ticular neighborhood were used as far as possible In 
tholr construction. There wore nine roads across the 
Alps In the reign of Augustus. One lead over the 
Great St. Bernard (8,108 feet high) from Mediolanum 
(Milan) oto Argcntoratum (Strasburg) to MmgontUcum 
(Malna), and waa only for pack-animals, not wagons 
A broad wagon-road went over (bo HplUgen to Bregma 
and thence to Vlndellcorum (Munich). The Boroani 
seldom made tunnels, one uf the few being that between 
lliteoll and Naples 

According to reports (but have conn down to us, 
Cawar seems to have used acetic add for loosening the 
rock In limestone mountain*, the statement being "he 
burned away the rock." Uvy's reference to this Is ex¬ 
plained by von Ycltbelm, thus: “Oreat plies of burning 
wood were set elowe to the rock ami It waa aought to 
direct the ilniri of nlr so that the flames played con¬ 
stantly against the rock, and when this waa red hot or 
at least very hot and friable water was poured upon It. 
so that the sudden cooling might split It more thor¬ 
oughly." 

Homo Interesting statements mqicctlng Roman meth¬ 
ods of constructing roads, buildings, and formications 
la what Is now the German Empire were made tat a 
paper read last April before the District Engineering 
Association of Berg by Prut Dr. Jakobl of Klberfeld 
and published In the geUtvkrtft dr, Veretac* deulaeher 
/weafearr. Prut Jakobl said: 

"From Main*, which was a great storehouse for min¬ 
ts <T equipments, flue roada ran to Cologne, Trier, Wies¬ 
baden, and tbe fortress of Haalburg. The road from 
Mains to Cologne waa built on a dam 2 metare high, 
8 meters bread below and 8 above. Other roada ran 
from Cologne to the mouth of the Weoer. Corduroy or 
wooden reads were laid across the moon, and the re¬ 
mains of such a read wero found by naarmann, near 
Osnabrdek, and given to the Deutsches Museum at 
Munich. This wooden road, about three meter* bread, 
was somewhat like a railroad track. It consisted of 
two parallel longitudinal beams on which the cross 
blocks of oak rested." 


AgricnHanl FertlUscn 

With the cutting off of the potash supplies from Ger¬ 
many, whose rich deposits have been relied on by manu¬ 
facturers of fertiliser* throughout tbe world, people 
have been busily looking about for other eourceg for 
I hi* necessary chemical One of tbe first dtrsctloaj in 
which poopls have turned Is to kelp, which la available 
In great quantities on our western coast and several 
projects are on foot to utilise this apparently Inex¬ 
haustible supply of raw material. There are, however, 
other source* from which potash may be obtained, and 
although no great quantities are to be expected In tUs 
direction, (till In some totalities the use of wood ashes 
might be considered with advantage. «. 

Older people will renember the little tnetoeane at& 
taehed to every farm and to.maay haems to Tha amaltor 
town* where wood was used as a fuel in which alt off 


Tbe Romans preferred land travel to Journey* by 
water; In going from Rome to Spain the long land route 
was ebueen rather than tbe trip by sea. Consequently, 
the art of building bridges waa highly dev el oped. The 
mortar of lime and and then ordinarily used could not 
l*> employed for the pillars of bridges, as It needed air 
for hardening, poxiunlsna earth and trass which set 
under water like cement won, therefore, used by the 
Romani In bridge work. The fouedition etOl exist 
near Bingen of a bridge with right arches built TO B. C. 
In bouse-building, besides quarried stone, brick was 
largely used; In Germany the bricks were manufactured 
by the legions and bore tbe particular legion's stamp. 
In interesting contrast to the Roman houses are the 
small atone bo urea of the Ltlneberg Moor which are 
supposedly of early Germanic origin. In than the floor 
and celling are made of slabs of atone over three feet 
thick. 

The Rhine, Main, and Danube may be called the 
northern boundary of the Roman Empire. Strong fortl- 
Ocatlon* were erected along this boundary as protection 
against tho Germanic tribes. In front of these fortifi¬ 
cations ran a ditch with heavy peUaodes, and In front 
of the ditch extended tbe Llmee, a strip of land about 
120 feet wide and stripped of timber no that the ap¬ 
proach of an enemy could be seen. Through tbe ro 
aea robes of tbe German Imperial Limes Commission It In 
known that this protective clearing extended for 600 
kilometer* from HOnnlgen on the Rhine eastward 
across the Taunue, readied Its most northern point at 
llalnbaua, crowned the Main at HeHgenetsdt, and went 
on to the Danube by way of the Odenwald. There were 
entrances on the Urns* at many spots to permit inter¬ 
course with neighbors. These entrance-gates were pro¬ 
tected by square towers, generally a story and a half 
high. Traces of about nine hundred such towers have 
been found. The fortresses or oaatles lay about 200 
meter* behind tbe Limes, and the remains of soma 
eighty of these fortresses have been discovered, tbe beat 
known being Saalburg Castle, near Homburg-von-der- 
HOhe, Saalburg was built A. D. 11 aud for nearly three 
cent uric* was one of Rome’* moat Important stronghold* 
on tbe Rhine. In 180a a thorough Investigation of the 
mins was ordered and In 1888 the reconstruction of the 
Haalburg was begun, the plans bring based on the re¬ 
mains and historical drawings. Prof. Jakobl describe* 
tbo castle thus: 

"Tha castle Is a rectangle with rounded corner* 222 
meters tong and 147 meter* broad. The /torts 4m- 
mona, on the ride away from the foe, Is 8 meter* higher 
than the Porto anrlpria, the entrance toward tha foe. 
The encircling wall U about TOO meter* long and 6 
meter* high. The Roman* opened two quarries from 
which they obtained tbe quartxlte blocks for the build- 
lug. The Ume came from Berkeraheim-on-tbe-Ntdde. 
The bricks were from the brickworks of the Tweoty- 
secuod Legion at Nled-on-the-Maln. No renting of the 
hoisting machinery used have been found, bt(t Vitruvius 
baa described such based on tbs pulley. The dUdare 
before the Porto dee* am were crossed by s krldge 
with a wooden railing. The Porto tmmmmm had a 
tower on both rides, tha upper story at tha towers bring 
out ted each with the other by a protected pomogeway. 
The 8-meter wide walk along the wall which vaas pro¬ 
tected by a breast-high parapet, could be reached from 
this passagsway." 

Tbe third of tbe fortreeea* toward the friendly rid* to 
aald to hare been called the Eglmtore; next cam* the 
Lotora pre-tori*, the central portion; then the Prwfca- 
tore, tbe section on the hostile ride. The Retonfere 
contained the (tomtoftost, the burioere office of the bat¬ 
talion where the goldtore ware paid. Than wan toarid 


tbe wood ashes ware carefully p r me r vi i His foumd 
tbe source of the potash wad to goapre aMn g. 0 the 
time when atony .farmers mods their own sea*; and 
“taay paogdn oread (ha agrpSaa op thefr land as a fee- 
tUiaar. The toori oommoe custom, howsrer, exo** to 
remote communities, was to sril thee* ashes to Uto«*0 
collectors, who tra reled through the country in the in¬ 
terest of regular manofaetorere of potash, and free* 
thaea came the ©-eater Portion of the potash read to the 
writer day* of our «pf0ry. Hardwood ash to mash 
richer la potash mUt toaa^oftwood atoea. and wua gw 
only kind that had a marks* rebto allli togh tor dfcri* 
appttaUw to tha to**jm.kiitf e< ai»#*britor 
none; and write then tore hWMtotoa WheM wag# to 

now uaad as a fori to HtoctoW wnatttof to sMdm khi 
utlltoation of the trims td tatetenca. riffl tote to Iff. 
of thessoMmtostoatritoagwrilntttohWaltfridd 


her* no teas than on* hundred and fifty atyfl, a grwt ’ 
many writlng-tabists, papyrus roll*, and tobtehde- 
The Horn mi waa a atonreere for peorhdon a and'held 
the stores of grate; to a dark part of tt wen kept the 
fresh and smoked meat and game. The P rietor to to'to S' 
group of building*'00 meters long and 40 matte broad 
through which runs tha read c onn ec tin g tha two ride- 
gates. It oontahm tha omnmanderto house* tha itoeb-, 
room for equipments, the drill-hall, 443 square torion 
torn end tnriouas the Atrtm, an open ootot to* thi 
ottoare. In the equipment chamber Ware found sppa- 
ratus for war of all kind*, especially hahuata ahl 
weapon*. By the aid of axlrifng nomIm and ttodttfw 
some of the war^ngtaea, such as catapults, Weed 
structed, which whan tasted worked ■ ureas*fully. 

"North of tha Atrtm,” oaottnuss Prof. JakoM, *M 
tbe aanctuary (fleoeltom) of the garrison where the 
standards ware kept. There were venegpmid by tt)s 
Roman soMlere with a worship similar to a e hrec h g n 
vice. On both ridee of the sanctuary ware ritttob i to 
for the guard* which could be bested. Tho heittog 
apperatue was arranged as follows: The brick goor, 
which te oovured with plaster, note on stone pUtoru M L 
meter high. Outride, protected by a projecting root, ft 
a sunken fire-bolt in which charcoal la burred. The 
gases which pour out flow along undsr tha flooring, 
which thay atowly warm. Thay are then rented off by 
vertical day pipe*. An experimental test of the roeon- 
strnotsd heating apparatoa gave sxcritent rewrite, A 
rocoustructad oven also proved to have been o o c r sn tly 
mad*. As further protection against inclement waster, 
the rooms at the eaetie had glass windows. Jsdgteg 
from the remains of glassworks an the FeMbsrg In the 
Taunus, tbs glass used at the caatte, where It was trio 
blown, waa a green coda-glare” 

Much care waa given to the supply of water both for 
tbe castio and the surroundtof dril population. Write 
wero dug and, besides, water was brought from tha 
neighboring mountain stream* through hollowed fare- 
trunks or lead pipes. TU remains of furnaMs for bath* 
found at Haalburg correspond to those known at Cologne 
and Pompeii. They are well constructed for thslr pur¬ 
pose and permit warm or cold water to he tuned into 
the baths at pleasure. In the eighty well* at the *MI 
settlement surrounding the fortress of Haalburg nu- 
toeroua tokens of a vanished dvUlretlon were found, 
Mach a* hooka, rollers, coin*, handles, buckets, and 
shore Among the shore wore rentals of wood and 
leather, low and high shore, laced shore, sto. The shore 
were made of leather, tanned In the moat various ways, 
from deerskin, goat, oolf, and neat skins. Mlllstonre 
for grinding grain were also found. Some for hawdmjlt*, 
some to be driven by draught-animals. 

The soldier* belonging to the forties* In their free 
time worked at trades, but the auto Industrial activity 
waa naturally In the dvU ssttlament, where, boride' 
Roman amchanloa, tradesmen, and tavern beepers, then 
were atop writer* who had served tbelr time. Dorteg 
the axrevatiocj the cellar of a town vnu tnxwvered 
and In It wa* Coned a Urge number of coins, drinking 
vereete, and bottle*. The Hamburg Mamma oontotop,* 
colleetion at toote that have tsa* dug as hSmasen, 


Oertodto trom the valtorv of the Mato. Lata. and 
Stone ream to tim Items and aatttomento to Uiator 
to^rey m ri gam, tor toe* doth***, mirror* 

dvtoaatoto htott* tote rn rite a* te tha ootetiore 
af Ufoaodied tomato team M» 4 HU.n* »r 


nrerire wood arima there tote cotton Mtot dutf 
ni | Mgk hMykijik ! 

r ’r ’• '•-^ m T- " ' 

toe.** emre el te May ptoteto^te .ed, m'h.' 
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Biochemical Systems* 

And Their Function in the Development of the Organism 

By Prof. W. Bechterew, of the Imperial Academy of Petrograd 


i pwfc *, ^ attracted to m of axteraal 

ban taiil aaglactedL Tat, tv. tmportanc* of txtmal 
fMfon to to* prooro^aotural selection, though great, 
la tetetor to that of to* tatamal wm of the varia¬ 
tion* Which maka too prooeaa possible. The latter an 
the toocfeauteal prooaaaaa of nutrition and growth. 

In tegard to piarta tola atatement requires no elabor¬ 
ation, foe U la wall known toot toe forma and oolora 
of l«M an a tasted be etomloala applied to toe note 
Of Haata fha quaatioo demmnda mote profound study 
to toa aataal kingdom, where too process** of notrltlaa 
and growth are moca oomplax. 

the —l a ral iafiaaooe of nutriment on derelopment U 
wall known, and numeral re s earch ** hare aatabUehed 
a oorreUtkm of toa M ochanlca l procaaa with toe growth 
and development of certain organs. Every organ pour* 
It* vadfle secretion Into the blood and ton* affect* the 

The graataat Influence la exerted by tbs aocalbxl 
gla n d* Of internal Mention, Including too thyroid, pern 
thyroid, thymus, pineal, hypophysis, subgastrlc, adrenal, 
senitel, and other elands, gome of them oppoee each 
other. The eecratlona of toe thyroid, adrenals, and hy- 
pophyala tocnaee the formation of leucocytes and the 
elimination of organic salts, while toe wbgsetric and 
parathyroid aecretlons produce the opposite effect 

Certain glands exert a specific action on saline ex¬ 
change*. Injected extract of hypophysis dimlnlabea 
elimination of phosphorous by the kidneys and Increase* 
Its elimination by toe bowels. Thynddlna tncroasoa elim¬ 
ination of phosphorus and calcium by the bowels, and 
of magMshUu by toe kidneys. Removal of toe para¬ 
thyroids tb followed by Increased elimination of calcium. 

Th* nervous Influences of toe glands are equally 
varimyx In general, toe gland* that attenuate toa cen¬ 
tral narrow system depress the sympathetic system, 
and oonrsnaly. Tb* aubgaetrlc and parathyroids stim¬ 
ulate the central and depress the sympathetic system, 
whila toe adrenal*, thyroid, and hypophysis act In 


and each other, through the sympathetic system which 
ooaneota them. They also affect toe blood vessels and 
toa ahpolafa and relative numbers of toe various sorts 
of Unoocytaa. 

The glands act on each other by means of secreted 
snb a tan esa which Sterling has named "hormones.” Aa 
a general, bat not Invariable rale, each gland tons acts 
aa oaly <me other gland. 

The antagonism between different glands la Indicated 
by many clinical observation! and results of (apart¬ 
ment. The ovarlM retard the pulse and the formation 
of bosMt hath of which are accelerated by toa thyroid. 

The e ra lie s are also antagonistic to the adrenals, 
hypophysis and bane marrow. Adrenaline and cboUn, 
secreted nroootively by toa eeatral and peripheral parts 
of th» Mmals, antagonlar each other. Thecomiatten 
betw e e n toa thyroid and toa toyman la vary evident. 
Tb* thyroid acts In oonoert with the adrenala and In 
■gtagfl— to toa subgaatrie. Hypotrophy of toa 
tftytoM to aoawapanted by hypertrophy ef the ceatnd 
pact fit tow adrtoala. and gtyooeurla Is oauaed by toe 
Mrtktoafl nation of tow ihenaaed aeoreUeoe of both 
gtehda. di> tajeotten of adrenalin prodaow gtyooeeria 
in a nofaiai deg, bet sot la a dog which haa faated three 
da* «*♦*» ablation of the thyroid, while toe removal 
of ton Mbgaa trto tooraaaae toe gtyomaria oauaed by 
autineint tojaotlon of adrenalin. Similar antagonisms 
«M ttwaia the ihyrrtd aad hypophysis. and between 
ttMtoph and Una 

<m fitirtU also tedaanoe to* ;norpbole«tai variations 
at %>'«ftoe oogantoe. The removal of toa toyrold 
6m ^mat thha a to prodnom a abate at orettetna, with 
ato to rtto g at ton a to te te n ead retardatlen of ths process 
at, atoHnr: «■ Iweteto of toe hypegdyste produce too 
mm‘rnaai, s W trtro riy aad gigantism. According 
ewr Uhooato oy■ toe Immediate at- 

'iilitoli CW i».,aad rty jtolb: Otosr wmawhae hare 

'SEnSm*■»* tomoWMrtttha reprodaotiva too- 
Madder, 


acromegaly, while Insufficient aeoredon produce! exces¬ 
sive deposition of fat and atrophy of the genital glands. 

An lnfuenos of toe pineal gland upon toe formation 
of toe genital organa has recently been inferred from 
toe very precocious and exaggerated development of 
those organa that follows lotions of toe gland. Tho 
Influence of toe teaticlaa oa growth and toe development 
of secooriary sexual characters la well known, and Is 
easily demonstrated by experiment The effects of cas¬ 
tration very early In life Include a striking defideucy 
In hair and other cutaneous appendages, deficiency In 
fist, alterations In the throat and voice, change* In 
the color of plumage In birds, etc. These effect* can 
be prevented by Injecting an extract of testicle*. The 
Influence of the secretions of the liver upon the color of 
ths skin has long been known by clinical observation. 

We are compelled, therefore, to admit the existence 
In toe organlam of certain biochemical systems consist¬ 
ing of the activities of various glands. The formation 
of bone and muscle, for example. Is promoted by the 
combined action of the thyroid and hypophysis, while 
this action Is opposed by the ovaries. Tbs development 
of cutaneous appendagos, subcutaneous fat, tho mam¬ 
mary glands and the larynx la affected by the genital 
glands and toe thyroid. The coloration of the skin and 
Its appendages la related to the activity of toe solar 
plexus and the liver. Muscular strength Is Influenced 
by the g e ni t als and adrenals The development of the 
brain la proportional to that of tho cortical layer of 
the adrenals, which secretes cholto. Finally, the forma¬ 
tion of the genital organa la related directly to the' 
activity of the hypophysis and, leas directly, to that 
of toe pineal gland. 

Individual, sexual, and racial differences In man, and 
differences between animal specie*, are due chiefly to 
dlfforeut combinations of the factors described above. 
The combination 1* determined partly by cross-breed 
Ing, and partly by external ooodltlone. 

The great and long recognised Influence of creasing 
Is probably due largely to e combination of glandular 
dements In the embryo and action during growth. 

This view Is supported by the fact that heredity 
presents, not a combination of all tbs characters of both 
parents, but a selection, which corresponds with tho 
characteristic functions of certain glands. A striking 
example Is furnished by secondary sexual diameter*, 
which are often so distinct that they might cattily be 
taken for attribute* of species. let they depend essen¬ 
tially on ths presence of testicles or of oraries. Other 
examples are furnished by g i g antism and nanism 
(dwnrflahnees) which are sometimes hereditary. These 
peculiarities are earned respectively by excessive or de¬ 
ficient functional activity of the hypophysis end thyroid. 
In both cases the heed Is out of proportion to tho body. 
Giants' bends are usually too small and dwarfs' heeds 
are too large. This fact la very significant, because the 
occiput is formed from connective tissue and not from 
cartilage, the development of which Is determined by 
the activity of the glands In question. If giga n tis m 
and nanfam were caused by more general factors all 
giants would have large heeds and *11 dwarfs would 
have small bends. 

Throughout the animal kingdom, but especially In 
bird*, to* lively and quarrelsome disposition of the 
mala, whioh la manifestly due to the action of toe 
sexual glands, Is associated with peculiarities In toe 
development and color of the plumage or other cutan¬ 
eous appeadagM, and both phenomena am exhibited 
most oouapicaouily In the breeding season. 

Throe fact* prove that the different** between spe¬ 
cies, race* and individuals, Inclod teg differences In tem¬ 
perament sod mental character, are conditioned largely 
by tits Influence of glandular secretions. 

The activity of toe glands, however, 1* affected by 
external lnf"‘" n c—, sunshine, humidity, food, and the 
geoaral coafltUcoa of Ilf*. Certain butterflies, long re¬ 
garded as distinct species, have been found to be spring, 
rammer, end autumn varieties. Many observation 
prove that s*h»*is ere altered in *1** and other pecu¬ 
liarities by Chang** In climate aad other asternal con¬ 
dition*. ITiat these alterations are caused by the agsocy 
of the gland* la proved by to* prevalence at cretin- 
ism, nanUa, and goiter In certain district* where toe 
devefopnent and activity of the thyroid are affected by 
atonal factor* which hue art yet b**n identified. 
Throe are pa tool ogle* I raws, hot they differ only in 


as abnormal. The cases that I have examined show 
• shortening of tubular bones, caused by thyroid In¬ 
sufficiency In the period of growth. 

It 1* more Important to know If toe glandular changes 
caused by external factors can be transmitted to pos¬ 
terity, for such transmlasloo would explain tho evolu¬ 
tion of recce and species. Here we encounter the greet 
problem of the Inheritance of acquired character, whioh 
Darwin udmltted and which toe neo-Darwinian*, head¬ 
ed by Welaamann, deny. According to Wetromann's 
germ-plasm theory, the organism neither transmit* nor 
acquiree anything more a predisposition, the wo- 
called acquired character* being merely local or gen¬ 
eral alterations produced by external factor*. Many 
modern biologists, however, agree with Darwin. 

The problem ha* been discussed mart dearly by Tree 
Dotage, who distinguishes three danse* of acquired 
characters: mutilations, which are never transmitted; 
effects of use or disuse, the transmission of which bn* 
been neither proved nor disproved; and effects of con¬ 
ditions of life. The third class Includes pa tool ogle* I 
i-oudltloos, such ss Inflammations and epilepsy, the 
transmlHslnn of which was apparently proved by Hrown- 
Mfiqusnl, whose results have boen confirmed by some 
Inter experimenters and contradicted by others. Delate 
dlHtlugulshe* as certainly hereditary all dlatheaes that 
affect the reprodni-tlvo organa and all Infection* (Includ¬ 
ing tuberculosis) that can be transmitted with the 
Nexus! products. The transmtsslblllty of other dtmeses 
1* difficult to prove, owing to the uncertainty. In many 
case*, whether they sro congenital or have been ac¬ 
quired after birth. In regard to other effects of ex¬ 
ternal conditions Delage himself I* In doubt, owing to 
the discordance of the observations. 

Btandfuss found Hist changes In color produced In 
certain butterflies by temperature were transmitted to 
their descendant*. From some butterflies (Vanessa), 
which (-hanged color under the Influence of a very low 
temperature (23 deg. Km hr.) he obtained 43 descend¬ 
ant* of the Unit generation whtrh showed the same 
change In color. Of the eight pairs of these descend¬ 
ant* that were united one produced a Mingle *|*vlnien 
Hint preserved the acquired coloration and three that 
deviated from the normal In the direction of that ador¬ 
ation. Tho progeny of too oilier seven pair* wn* nor¬ 
mal. Fincher found that change* produced lu the color 
mid even In the form of butterflies’ wings, by exposing 
pupm to a temperature of 14 deg- tVnL were reproduced 
lu 10 per cent uf their progeny, and I’lctet has obtained 
similar results with alteration* produced In butterflies 
by abnormal diet 

My exposure to nhnnrmal temperatures Kammerer 
causal the normally viviparous black salamander to 
lay egg* and the normally oviparous spotted salamander 
to beer living young, and these change* in habit were 
transmitted to the progeny. A curious change of In¬ 
stinct, artificially Induced In * species of frog, was 
similarly traimmltted. 

WeiNsmaun explains these results hy the Influence of 
external factors on the germ plasm, but, In view of toe 
facta described earlier In this article, I am Inclined to 
regard the direct action of those factors as being ex¬ 
erted on the glandular secretions, which may, In turn, 
affect the germ plasm. At all events, the transmission 
of certain acquired characters appears to be settled. 

This makes it possible to free the theory of natural 
selection from Its great blemish—the element of chance. 
It haa always been repugnant to meet. In a theory of 
rigorous causality, the hypothesis of accidental varia¬ 
tion* which became fixed becnune they proved useful 
to the specie*. Wh%t Is the origin, toe cause, of these 
variational It seems insufficient to regard them *a 
result* of chance. With the recognition of the part 
which the glandular aystem plays lu the organism wo 
become aware of an Interacting system of physico¬ 
chemical forces In which nothing is left to chance, The 
variations of equilibrium of these forces under toa In¬ 
fluence of external factors determine Individual differ¬ 
ences quite definitely. 

Little la yet known of the nature of tola equilibrium, 
and Its variations Induced by external conditions. In 
general we know that abnormal glandular activity 
cause* tfie prevalence of goiter and nanism in toe Bwies. 
Ural, and Caucasus mountain*, and in toa marsh** of 
the Volgg. A more profound study of toe etiology of 
tocro maladies, and of cretinism, myioedama, and Base¬ 
dow’* dlaaaae, will ultimately furnish an explanation of 
toa Internal cauaro that regulate the development of 
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Oxy-Acetylene Welding 

How to Make a Complete Oxy-Acetylene Welding Outfit 

By A H Waychoff 


The outfit ben dew.nbed wu made complete by the 
writer who filt the need of an nxy arntyh ne welding 
outfit yet wu unable to I uy one owing to thi Ugh 
press charged l v tho menufat turers for thou outfits 
Afur e naidiralle ospenmontiug and the construction 
of uviral duvi <■ I finally wu able to make this outfit 
at a very email expanse m comparuK n with what they 
generally ooet 

Oct a new or second band CO-gallon range boiler A 
and plug up the hole in the bottom 1 hen u does to 
the bottom u puaaible cut out a hole 1 in hea air m B 
and fit it with a hand hile plate and yoke u ebiwn 
This is for the purpose if eli suing out theaodimontwhhh 
is formed by the carbide dropping into the water In 
the hole C which is already in the boiler screw a short 
nipple an < lliow and a short length of % inch pipe 
and on the end of this ] ipi place a globe valve with a 
small funnel eoldond on The top uf the funnel should 
oome about half way up the 1 od< r This is for tho pur 



Fig 1—Acetylene gcaerator 

pose of filling the boiler to tho required height with 
water Next get a piece uf 10-lnoh pipe D for the 
carbide tank about 13 inches long and with a flan g, 
screwed on each end Cut out a tule in tho top of tho 
boiler 10 inahes m diameter and rivet the earl ide tank 
on u shown in Fig 1 using a lead gasket between the 
flange and the top of the boiler at A to make a per¬ 
fectly gu tight joint Make a b i per F of 20 gage 
galvanised sheet iron which will just fit inside of thi 
I arbide tank D the bottom i art of th< hopp< r at 0 
being d mehca in dianu ter 1 as ten the hopper to the 
inside of the tank u shown by meant of about four 
small stove bolts Next gut a <over plate H to fit the 
top flantfi of the carbide tank U and tap out at one 
aide for a 3-moh plug / for filling the < arbide tank with 
frsah material Drill amtlur hile in the center of the 
head for the feed rod J to work through 

An old gasoline engine cylinder A with piston u 
mounted on the top of the plate H u shown The 
feed rod J la made of a piece of G/8-umh steel rod 
rhe valve / is a plow jf hard wood 1 inch thi k and 
conical shape so u to fit into the bottom of the hopper 0 
wh< n closed ( unnaot the feed rod up u shown one end 
to the valve L the other to the piston tn the eybndi r A 
A gal ram led sheet iron tubo 1 in >h inside diamclt r M 
having a flange soldered on at the top atO isfasUned 
U the top plate H by m ac h i ne screws and at the bottom 
uf the tube a funnel shaped piece N should be soldi rod 
on whn b lovers the valve L so the carbide cannot g l 
on the top uf it The spaoe between this valve cover A 
and the walla of the hopper should be about one half 
inch Thu allows the carbide to fill through when the 
valve u open Next tap out for a screw-eye m the top 
of the piston to which u fasti ned a dosed ooil spring P 
and a hole is drilled and tapped through the eylinder 
head for a hand screw Q whi h is fastened to the spring 
aa shown At R mount a gage and safety valve The 
gage *n In an wdinary steam gage registering at 
least TO pounds pressure at 5 fit a half-inch pipe 
which should bo (onneeted up with the eyUnder K aa 
ahown - Next got a piece of 4-inoh gas pipe 13 inches 
long T for the flash bank arrester and fit a oovv on 
each end and tap out 0 inches from the top for a small 
drain oork V Then run a pipe Y from the tank 
through the top plate and down within 1 inch id the 


bottom of the arrester ea shown by tbs dotted Unas 
Screw ra an outlet pipe with an angle valve aa ahown and 
a short piece of pipe having grooves cut m it to which 
the hose to the torch may be slanped on aesiiroly 
Before operating this generator go all over it to see 
that all the joints and eonneotiona are gas-tight Thu 
may be done by putting soapy water on all the joints 
while thi re u air as other pressure in the generator If 
all oonnm lions are tight fill tbs generator with watar 
up to the level of the funnel through pipe C and eloec the 
valve Set the safety valve so it will pop at about 30 
pounds pressure Then loosen the spring P aa much 
as possible by screwing down the band screw Q Re¬ 
move the filling plug / and fill tho hopper with one half 
itm h lumps calcium carbide Put the plug back and does 
the outlet valve on the flashback arrester Gradually 
tighten tho spring P by means of the hand wheel Q 
win h draws up the piston and opens the valve allowing 
s me t arbide to fall into the water This generates the 



aietylene gaa the prearore of which acting through the 
pipe S forces the piston K down and closes the valve L 
Uy a few i xpenmenta the spring can be adjusted to the 
proper tension so that the pressure on the piston will 
automatically close the valve aa soon as 7 pounds pres¬ 
sure u reached in the generator Seven pounds la about 
the best working pressure for all around purposes but 
for highur or lower pressures a slight turn of the hand 
wheel will give anything desired The fiaabhank ar 
roster should be kept full of water up to the dram ooek 

The oxygon generator shown m Fig 3 is a simple 
an l easily made apparatus and needs very little de- 
■wnption (let a AO-gallon range boiler plug up the 
bottom halo and miunt a pressure gage and safety 
valve on one of the holes at tha top as shown In the 
uther hole fit a piooe of half-inch pipe with an angle 
valve also a short piece of half inch pipe with groove* 
for attaching the hose that conveys the oxygen gaa to 
the torch At the hole in the aide of the boiler put a 
nipple and angle valve f 

Git a smaller tank—the 30-gallon liis-J being 
about right and pipe up to tha large tank aa shown 
at -f A pieoe of pipe Ji-ineh S is run down inside 
tank 8 to within 4 Inohes of the bottom aa ahown by tha 
dotted hues 

To make the retort 7 get a piece of iron pipe 5 inches 
in diami ter and 10 itu he* long with a flange and head for 
each end Mount this on suitable legs and fit a gaa or 
gaat llm burner 8 below aa shown If copper pipe can 



be had for making the retort h is much better, but hen 
is very satisfactory The mell took 9, ewamotdy 
known aa the (crabber should have a Alias pipe? 
so that U can be flQed with water wttMn 18 iodise of the 
top The retort 7 and rerubber 9 are oottneetod up a » 
shown, a valve any gage being fitted at 9, which should 
now be tested oat oercfully for leaks at all joints before 
putting mtp opwitiop 

To ore this generator maka a half round trey of thin 
sheet iron that will just fit mode of the retort, end fill It 
with a mixture composed of one pert manganese dioxide 
and three parts potassium chlorate Put tha trey to- 
aide of the retort and holt the end plates in place end hght 
the burner See that the scrubber 3 is filed with water 

j3 r^nuri 

* fi) 
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Fig 4.— C omplete apparatus 

and that the valves 9 and 9 are open Leave the fire 
burning pretty strong until about 30 pounds prees nw to 
obtained then the fire may be adjusted (0 as to generate 
the oxygen aa fast aa It n uaed From 10 to 30 pounds 
is about tbs bast working {measure aooording to the 
kind of wort 

When the ehemioala in the retort ere about exhausted 
a good way to teQ if the retort needs a new charge to to 
does for a few seconds valve 9 If the pra m s rises on 
the pressure gage at 9 gee wstfflbwiig formed and inora 
chemicals are not needed If a sheet troa hood be made 
to fit ov«r the retort to conform the heat, itw better 

dare should be taken with tha potaadum chlorate to 
keep it m a metal container so nothing oan get mixed 
with It re an explosive compound might eeafly be formed 

The oomplete torch or blowpipe fa ahown In Fig 3 
For the heed of the torch get a 1/8-lneh angle valve, 0, 
and remove the hand wheel and peeking nut Tabs oat 
tha valve stem and drill a 1/83-meh hole throt^h it 
lengthwise ae shown in Fig 3 10, also at it drill two 
holes the same tile crosswise intersecting the hole 10 
This makes four hole* or Inlets at right angles to the 
hole 10 Next saw oft the valve stem as ahown at It 
and screw it into the valve so it corns* tight on its seat 
Then make several dps like 79 Fig 3 havbm holes 
from the nae of a needle to 1/33-tneh in dimmer 
These should have threads rot on them to fit the threads 
on the inside of the valve bonnet, and ere interchange¬ 
able for hght or heavy work Next screw a piece of 
1/8-inoh pipe 14 Fig 8 8 inches long Into the heed aa 
shown. Then get a pieoe of 3/4-mob pipe 0 inches Jong 
with a m al le able eap on each and It and drill and |ap 
these caps for 1/8-inoh pipe Fill the pipe It with 
nureral wool peeking it lightly This pipe terras aa a 
handle also as a flashback ameter prevantiim any lame 
from getting Into the (apply hose Screw this pipe or 
handle It onto 14 as ahown end on its other and fit 
e lever gas ooek 18 and e piece of pipe about 4 
long 17 grooved to damp the hose to. 

Another pieoe of pipe, 18, 1/8-meb in diameter and 
10 inohes long to bent at one sod in a gooseneck. Where 
it oenwa Into the head 0 the gas ooek, 18, and oooaeot- 
ipg pipe, ff, are fitted at the other cad „ 

In opantoon the osygen comas into the^tonh through 
the goorenaek pipe, J9.nt a prewar* of two to tan ttoto* 
of the sooty Whs which cooes timm* thepU,/*. 
The axygeo, paasng through the hale| /0 fig 9, at a 
greater velocity than the aoetytone rooks the iTrtritM 
gee through the four holes, 11, Fig 8, and the two gases 
uric, forming a oombustlbto mix t ure at ike tip Thi 



torch fa oonaooted up with the oxyg e n aw) ir|tjiwi 
groeratare ae shown la Fig 4 by Aeons of two ptoses* 
big* pnonre boos, reefa about 10 foot loeg Beane to 
attach the boss from tbs aretytooegaDwatogi to tWjfipe, 
14 , Fig 9, and the oxygen to pip* 19 

S.«CS3:afi£JrAS5?y: 

fiM tori* fits fitone takas a sort of n tJutoh JMtndjtt 


Fig A—The blowpipe. 
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A Physiological Puzzle* 

Hypnosis ot Animals and Insects and Comparisons With Human Beings 


What the magicians did In ancient day a before 
lharaoh in the way of turning sticks into snakes has 
often been done since or Us converse of turning snake 
into stick bat it remains In great measure a physio¬ 
logical iraasle If the oobra In lta threatening attitude 
be deftly oanght behind the head and gently pressed It 
soon becomes stiff and will remain so for a consider 
able time, either oollad up or drawn out straight It 
has passed Into the strange state of animal hypnosis 
In 1640 the Jesuit father Athanasius Kirther described 
the famous experiment, de lmaglnattone gaUlme He 
laid a ban on the table held It flrmly for a little and 
drew a chalk line In front of its eyas with the result 
that It remained as If in catalepsy Cxermak showed 
In vm-IXTS that this could be done with many birds, 
and that the chalk line was quite unnecessary The 
veteran entomologist Fabre tells ns that he and hit 
school compsntons used lopiti whole flock of turkeys 
to sleep with their heads tucked under their wings 
Animal hypnosis can also be lndnced in mammals 
(guinea pig, rabMt, moose squirrel, bat, dog eat) and 
this la usually affected experimentally by fastening 
them to a board anft turning this suddenly upside down 
Frogs are readily susceptible and newts win also 
•ttbmit 

In backboned animals the state of Immobility is 
saaroeij known exoept In artificial conditions and can 
scarcely be of much Importance In life It la otherwise 
however when we pass to the analogous death feign 
lug" or catalepsy In certain beetles water tags, stick 
In s e cts, and spiders The Immobility oceore In natural 
conditions and It seems often to sat* the Ufo The 
case of (ha footle Oaleodae la of apodal Interest since 
the wore than recalcitrant female passes Into a oon 
veutant hypnosis wham she is suddenly seised by the 
weaker m*'« This may be induced artificially In Urn 
•oraally mature female by gripping bor suddenly In the 
dorsal regloa of the abdomen with a pair of flue for 
e^ps and raising her from the ground She remains 
quite pastors until tom to restored to earth It to very 
interest!* to not* (hat older fomales, who bare paired 
4? not pup into catalepsy, but turn flaraely os the 
terepe. tot the areas eoaaerttan It to worth recalling 
tftot when w* lift a ihorocreb hoWiog the shield be¬ 
tween Jtogw and thumb, and ware it in the air it be- 
•pa* tmmoMto, to* the two mum dtopoae their Umba 
» differed ways, the forts Is bcodlng them in over the 
hjMdmtH U ft pmMMup the *ga The familiar case 
w Hh ^pmb-tohfor oeayfhh to tmtereatlng because the 
(Wfrt a (MMifoto MfldWjr into hypnosis, bat 
Wrt»U»for a reasWmehli time It may be fixed 


which feeds sL night n rmslly assumcH Its protective 
Immobile atlltu le under the stlmulas f light, but s 
mechanical stimulus also serves Schmidt bus recently 
shown that the insect can ho fixed in any grotesque 
attitude for hours on end It has been sh vvu that the 
transition from one state to tho other can in this erre 
ture bo effected almost In a moment 

In a case like the stick Insect we cannot but regard 
the cataleptic habit as of pntrctlve value It add* t 
the safety which the protective form and the protective 
color also help to secure The creature behaves as If 
If knew for It almost always disposes itself Iai tllel to 
ths twig to which it la attached Sehleii also points ont 
that when It leta go oo being touched the elongated 
straight disposition of the appendages makes It easier 
for It to slip down among tha twigs In flalemles as 
we hare noted the sudden passivity of the female is tf 
Importance in reprodurtii n and a similar phenomenon 
has been observed In the female ottwus In many 
oases, however It seems quite Impossible to maintain 
that the catalepsy la r roteetlve to all Thus Fabre 
notes that BcarUot impart** one of the largi ground 
beetles which a shake sends Into a lasting catalepsy is 
voracious, well armored nor turn* 1 and unpalatable 
What haa it to do with death feigning? C a sea of this 
sort suggest that the cataleptic tendency uinv be simply 
a concomitant of a certain type of nervous constltutl >n 
and that it la only occasionally turned to advantage 

According to Mangold the characteristics of human 
hypnosis are that It is a sleep-like state lndu ed by 
■nggestioo that it implies a rapport between the 
hypoottoer and the patient and an Increased uroenabll 
tty to suggestion that It Involves an Inhibited power 
of locomotion and of righting the body a change In 
muacular tonus—from Initial Increase tv somewhat sad 
dan decrease—and a change In sensitiveness which mav 
amount to anaesthesia and analgesia Suggestion Is a 
physically conditioned effect, for which the phvslolog 
leal stifflulna s eems to be Inadequate Llltlo la known 
In regard to the hypnosis of the highest animals like 
docs tod cats tha amenability of which to human influ 
eoce la well known bat In ordinary eases it may be 
oone fo ded, according to Mangold that animal hypnosis 
differs from man ■ in the absence of the suggestion the 
rapport, and the deeper stages It may be lndnced in 
animals without a cerebrum which Indicates that the 
psychological factor la unimportant Physiologically 
oo mld ered. however tha more typical forms of animal 
hypnotoa mart be ranked beside human hypnosis and 
studied in this tight 

Tha r a mhtoit caa are many lbe sleep like aUto la 
todaead to man by suggestion or psychical Inhibition 
to anheala by mectis ideal inUMtfcm, bat to both osare 
MBMCp attonil may aastot Three stimuli may ha optic 
(•■tat the pun oa noma object), or tactile (stroking 


I he skin) or otherwise Sometimes an abaenca of 
vv uihI stimuli may Induce the state as In the case of 
al h lute silence The awakening may be brought about 
I y is unds shaking currents of air or electric shocks 
r It mnj occur spontaneously There la a great spe¬ 
cific and Individual diversity In susceptibility the 
easier tho Inducing ot the hypnosis the deeper and 
m rc lasting it Is The muscular tonus changes Char 
acterixt(rally (now great stiffness and again waxy 
flexibility ) resistance to fatigue is increased Re¬ 
flexes are to some extent effected by the altered tonua. 
Sensitiveness to touch and to lain may be greatly 
lessened and operatluis may be performed daring hyp- 
n His But the m ones remain awake and, except In the 
lceper phases in man, memory partly persists. Anemic 
«) upturns are sometimes observed, but there la no rag 
ular alteration In the every day functions inch as the 
1 ratine of tho lu art or the respiratory movements. 
Since animal and human hypnoeee agree In all there 
rt«poets Mai gold has confidence In hts thesis that they 
ar thoroughly analog! us phenomena 
Finally In bto Interesting atndy he proposes a class! 
flea tl on 

1 I xperiuiental hypnosis Induced by psychical lnhl 
I til n (anggrallvn hypothesis) (o) In nun and (b) 

I erbapa in s me of the highest mammals 
■i Fxporlmental hypnosis lndnced by mechanical In 
lilhltton (r) In n smmals hlrvls reptiles an 1 amphtb 
Ians and (d) In irustaccan* and Insects 
S Natural bvinosls Induced by biological stimuli 
(<) death feigning In crustaceans and Insects and (f) 

< iialepay in stick Insects 

Reinforced Concrete Aqueduct 

A i H rrgono Italy Is a good examile of an aqueduct 
>r rather fliu ■ mounted ninn pillar supports the 
whole being 1 ullt In reinforced iterete on the Henne- 
biqne system The aqueduct runs through open flat 
country and Is about 4 6fi0 feet In length In this way 
the wh 1 m struettn-e Is of solid bnlld anl Is likely to 
withstand against deterioration longer than the usual 
kinds Spare pillars on toth aides uphold the flume 
part these being spaced at freqncnt Intervals 

Glaas Surfaced Bonds 

It Is reported that an experiment to being made with 
h material that heretofore has been a waste product of 
glass factories for road making This la a thick syrupy 
lliuid that hardens when exposed to the atmosphere 
f rating a snbetance that somewhat resembles glare. A 
luantity of this material to mid to have been mixed 
with crushed stone sod need to eurfoce a stretch <f 
highway to Illinois, forming a eurfoce that la as smooth 
as concrete How this surtaos will stand up under 
weather and wear win be watched with interest 
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nt ma apto, tw porigve rotated from the rad War 
i&ftf k djta* with a Muatw* (qyaa ttuk) dm, 
ifi* ipit the «m» wcattre «Hfe • Moored 
aadtjbft from tba Mm flit* wtth t nd 

**S» «»J ** tbbi wUl ba avMmt tt m ooulder 
(WPlwmiM anting with overtawtag ngfata, 
lit with orar tap ptag opadtiaa In which each over- 
tappiac #WMy «f print abaorb* part of tba Ught trana- 
*&M W tt* otbar To mate this (till dearer, con 
Afef an actual <*$&, tba reproduction aty of a Mu* 
Wlllr. Ota would AM taka thraa Mgatlvta, red 
flltair, draw altar and blw Alter Tba rad and green 
flXar* abaorbtog all Mu* ray* would not afaow any 
ltuaj* «■ tbebr negnttvse, coming oat tramps rent, while 
ot tba Mu# Altar negative would ba tba well deAnul 
image of tba blottar, more or lore opaque In the high 
light* and tranaparant In tba ahadowa 

Od making poettivro for tba addltlra or prelection 
pitmaan tba red and green Altar poaltivos would coma 
out opaqan and the blue Alter poalUre would abow the 
Image of the blotter tranaparant in tba high light* and 
more or kaaa opaque In the ahadowa 

On projecting tba three poalttrea through their re- 
Wfcttra reproduction Alton, rod, green and bine no 
Ugbt would pan through tba opaque red and green 
poattivsa, while the bins positive would project a bine 
Image of tba blotter on the ecrean, brightly blot In the 
high light*, darkly blue In the ahadowa thereby pro 
dadng the deolred effect. 

With the anbtrmctlTe proceao as in the additlre pro¬ 
caw tba poet tires from tbe rod and green Alter nega 
tires would be opaque and from tbe bine Alter nega 
tiro would abow a wall defined Image tramparent in 
tbe high light*, more or leaa opaque In the ahadowa 

On dyeing, the print* from tbe rod and green Altar 
negatives would taka up great qoaotltlia of their re- 
■peedra cyan blue and magenta dye* The prints from 
tbe blue Altar nag*tire would take up a small amount 
of yellow dye In the high lights and more of It In 

Whan anparpoaad therefore and examined by ordl 
nary white light tba overlapping cyan blue and 
magrota dyad prints would absorb the red and green 
but not the blue component* of tbe white light, tbe 
Ught parte of tba yellow dyed print would abrorb the 
bhm falling upon. It only slightly, giving a fairly bright 
blue reflection tor the high lights, while the dark part* 
would abunb a greater proportion of tbe blue, giving 
a dark blue tor tbe shadow* thus again giving a cor 
net Image of tbe blotter 

This suMrectlre method form* tbe bail* of all mod 
em color process printing and tbe commercially avail 
able photographic print color p roce sses a* follow* 
BangcMfotpherd, Ires, three-color carbon, tbreecolor 
oaobfon* raydex, pinatype, polychromlde, ate 

mat coma the tingle plate color process**, which 
have contributed largely toward making color pho¬ 
tography commardolly sucreroful In 1806 Lout* Ducos 
du Haoron conceived the Idea of combining tba three 
taking Altera of the tbreecolor Altar proreM into a 
elagta trl-eeior Alter He constructed tbe Alter by ruling 
Am llnae of tbe three primary colon, red, green and 
blue, on a transparent medium, coated on a glum plate, 
tbe Uaaa being parallel, adjacent and arranged In tbe 
asm* consecutive alternating order of coloring all over 
tbe plate An ordinary photographic plate would be 
axpoeed In tbe camera with its emulsion In contort 
Wtth tba tri-color Altar plate, tba latter befog oa the 
rid* nearest tbe ton*. 10 that tba light rays would 
Mrs to PM Ant through tba Alter before reaching 
the Mralakm on tba photographic plate. 

Tba thntr of this p roe m contemplates selective 
action by each Alter line upon tbe Hoe of light p eering 
through th wtth conaequmt selective action upon the 
gMMan hafctnd each Una The* the red parts of tbs 
<«•» would only affect the auulaton behind tba red 


but also brings about tbe nouttant color combination* 
of tba primary colon Decenary to bring out all tbe 
various made* of color In tba object 
Du Haurooa proem was not capable of commercial 
development due to the lack at tbU period of a rat 
lafactory 1 panchromatic plate and also doe to the 
mechanical difficulty of ruling up the Alter plate* 
During this same year I860, Du llauron conceived 
the Ida* of coating tbe emnlskm directly ov«r the til 
color Altar Instead of using a separate [date ami after 
exposure and development chemically reversing the 
negative to form a posit he Image In order to over 
come the mechanical difficulties Involved in a rule 1 
Alter be conceived tbe Idea of dyeing mluuti portlck k 
of a transparent substance with tbe ttuee primary 
colors, mixing them together Intimately and spreading 
Hem In n single layer over the glim plate to form 
the tri-color Altar, the emulsion then being coated upon 
It as previously referred to 
It li obvious that this would give a heterogeneous 
pattern of color lnstied of a incurring regular pattern 
aa In tbe ruled line Alter It la further obvious that 
only with a combined emulslou coating and Alter as 
Just described can such a Alter be used for It would 
be next to Impossible to allgu ouch an Irregular pattern 
with Its corresponding positive as would be oeuvwiry 
where tlx panchromatic emulslun was nu u separate 
plate It follows, therefirt that a tegular geometric 
airangement of colors must be used la a trl-color 
filter or Hcreen (as we will now sail It) where tbe 
separate single plate process Is involved and either 
a gaometrle or Irregular arrangement may be timed 
with tilt combined glnglo plate proems 
Lack of a aatlafattory ponchromallt emulsion and 
otlior difficulties prevented Du Hauron from achieving 
commercial sutccas with the combined single plate 
process 

During tbe next forty jeari various experimenters 
worked to produce a commercially successful single 
pinto process notably Toh McDonough Iowrle and 
Miss Warner Their work was ell very Ingenious and 
very beautiful tosults won ubtalnel rappi telly with 
the WarnerPowile proci** but couiwerttolly tiny 
never mot with satisfactory devilnpimnt 
In 1004 the I uwlerea of lyini* Fmnce patented thi 
well known sotochromo process which represents tbs 
successful development of a combined Irregular single 
piste process, along tbe lines laid down by Du llauron 
Ibis process leaves nothing to he dtslrcd so far as 
the production of transparencies qulcklj eerily and 
with truthful color rendition I* < (interned It Is cap¬ 
able of producing veiy beautiful lantern slides npon 
the exorcise of lomewhnt greater care and experience 
I will quote from a description of tbe process by 
Auguste and Louis Inmlecc In a locont Issue of Amor 
Ira* PhoUtoraphp 

Grain* of potato starch are separated by special 
machinery so at to reject all smaller than 10 nr larger 
than IS thousandth* of a millimeter In diameter 
(00004 In to 00000 In) I lie grain* once selected 
ire divided Into three lot* whleh aie colored orange 
green and violet by mean* of appropriate dyes The 
colored grain* are tlien mixed In such proportion* as 
to give a mixture having no dominant enter Tbe ex 
tremely Intimate and homogeneous mixture of the 
three colored powders Is then coated regularly by 
means of special machinery on plates of flan prsvl 
ously coated with a sticky varnlah After this opera 
tlon It Is neceroary to All tbe spacee between tbo 
grains, which Is done by another machine whleh coats 
the plates with an extremely fine carbon (lust This 
dent la retained between tbe grain* bv the sticky 
varnish Tbe plate thus prepared Is rolled to flatten 
out tbe starch grains and prodne* a tbreecolor mosaic 
Tbe plate though covered wtth microscopic element* 
stained intense orange green and violet seems to pre¬ 
sent no coloration because tbs orange, greet and violet 
rays which traverse It combine to form white light 
“How con this mosaic of colored screens give birth 
to colored Images? Tbe mechanism of tbe genesis of 


to tbe amount of tbe three primary colon present On 
Heating tbs plate with a developer metallic silver la 
deposited over every grain through which light has 
pamed la proportion to tba amount of light action 
Thus, If the object la green every green grain will be 
covered with silver and If tbe process were stopped at 
this stage the image would be red because the Image 
would be formed by tbe unaltered orange end violet 
grains This Imags Is tbe complement of that which 
It Is desired to obtain 

Hot It wc dissolve l>y means of appropriate cbern 
leal* the silver reduced by tbe first development, tin. 
gteen grain* would be freed and rendered visible oolv 
wi should still have the unaltered silver bromide cov 
i nng tbe orange and vlt let grains 

1st us proceed liven In bread daylight to a second 
development This unaltered bromide will be affected 
by light In It* turn and blackened by tbe develupet 
«x nawjnently tbe orange and violet grain* will be 
masked In their turn and the green aretes alone re¬ 
main visible V\e havo thus leproduced tbe graru 
Image after hiving [tossed through a complementary 
red Image 

This explanation cun be repealed for every other 
color and one race that nil coIuih aie formed by sub 
fraction by eliminating portly nr totally from the. 
renge-gi eon violet layer the elements of the color* 
cv aiplcinenttiry to the color whlc li I* to be obtained 
Ibis ellmlnstlon this eolecttun I* effected automstl 
cnilv by the colored rajs themselves coming from thi 
1 1 Ject photographed 

In practise the manipulation of Vutochromes Is 
ven simple A special yellow-orange m rein Is pieced 
m tlie lens I he plate In contact with a sheet of 
blsik eurdboaid to prevent aeratehlng of tbe sensitive 
mating Is I aided Into the pinto holder with the glees 
elite towards the lens lhe same develnptr (metoqul 
none with ammonia) Is employed tor Inth tbo first 
nnd second development lie versa! tnkes plnce In n hath 
of iHdMHlnni permanganate acidified with sulphuric 
odd and all processes aftci the Anwlng or this note 
tlon over the plate take id*co In broad daylight With 
I i 20 minutes of beginning wolk n finished positive In 
oolois may bi produced nnd ns soon ns tt Is dried 
I mny be vnrnlshed nnd bound lip like n tnutern 
slide 

It should be n toil tluil In (Ills pieces* ns In nil 
otter single plnti pi him* s n ciimiicnsitlng villow ot 
oringo filter must In unul on the len* lo eliminate 
ultraviolet nnd cut down tte vie let nnd blui rays, 
ns previously explained It shmld nine to Intel that 
due to the action or tho yellow filtei an I trl mini 
screen In cutting down the ullnli value of lhe light 
n great Increase of exposure time over the nidlnnrv 
plate I* necesrar? vaiylng fnui 21 to 100 tlmis that 
inquired tor tho latter 

Following quickly upon tin nutuchrome enrne lho 
ihatncs omnicolore and auiura or Dufny clloptlchromc 
nlngle plnte processes each representing Ingenious at¬ 
tempts to solve the problem In a slightly different 
way All bavo achieved fnlr commercial sueccnn but 
cannot be said to oqnnl tlint of the nutnehrome from 
tbo standpoint of manipulation or results 

In toll the Ingct alngle plnte proces* was In ought 
out representing n development of the separate geo¬ 
metric screen method ns laid down by Du Ilauioii It 
livolvts a trl-rolcir nuoen prlnlod In cbeekciboinl pat 
lorn upon tbe screen plnte the squares on tile clieeket 
board being nbout 1 WO Inch on a aide A nc|ianitc 
ti king nnd viewing screen special pamliromntlc negn 
tlva plnte spaclal orange filter and special positive 
plnte are necessary Later the unipany succeeded In 
combining tbo viewing set eon and the positive Into a 
single plate This process In capable of vny beautiful 
a suit* Is especially adapted for Mntern slides and 
threatens to compete seriously In public fnvor with 
tbe auftxhrcme proces* having nn advantage In It* 
porelbllltlre of duplication fiom tbe original negative 
not posaeeaed by tbe latter 

As to tbe future one may nay It to very hopeful 


Aflto ItoltekH to* Plato Is dsrslopad and a poattiv* cetera ft sxtremaly simple It Is by subtraction by The Tomtoms nnd otters are diligently working to 
(I) Bnal way. Tbs poritiv* and tba tri-color the partial or total obscuration of such or such a col perfect the blencteont print pmrrm Tlvc Buntinan 

than Ml plaosd togatbar agate, car* befog or ad grata, that tbe formation of the moat dlverw> Company hna recently Induced tte well known I ngltoh 
mg|b kttkk to* two *o that tba toniAt Una* on the colon can taka place, Let oa suppose that wa obscure nulimrttv on tfals suhjmt Dr C K Kenmtli Mire 
iBljfoiiiiigtkig to tba rad, green and bin* Alter tba groan and the violet grain*, tbe orange grains to Join It* Mali at Rochester and tt Is understood 
^ Brabtiy fo cm tact wttb atom tomato, and tba plate, viewed with tbe naked that be la actively directing tbe work along this line 

E ad Mm Use* on tba tzi- eye, presents an orange coloration If we darken a It la tba hope of all Interested In this subject that 
ringto Color, the boe of tbe plat* la tba ramltant of the near future may bare to atom for na tbe perfected 
Maed positive end fittv. tight which comae through tbe other two If tbe photographic print to natural rotor* 
mt, to* picture would Mocking out of a given grata taateed of befog total, is 

partial, tbe nenhtag color can take the moat varied Gfimaa Plant! In Bdftam 

i tb* Altar and tomfoto tint* It appeera not to be generally known that many mi- 

1, Is to regulated as to “Tba —tIMvi emnteta la coated over tbe mosaic portent manufacturing plants in Belgium belonged to 
XllttkMiitila advantage aeraeu and tUtoroaticalJy ngliton and "produces tbe Gromanj and cere was taken not to injure these ra tbs 
At the ve to obeervtag rotate ot the object tow ers U Made through tbe bombardments Zuw smelting I* going on et Lommel 
pelitoA out Thto net gtol* aide of (be Mata eo that tbe Ught traveraea tba and Overpolt and ootwrni* along tte Meuse are in 


|gjto«M#t«aiMbBMtt entored rate* and b 
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The Spinning of a Web* 

A Wonderful Bit of Engineering and Technical Skill 


By Frank Cutlnss 


A ueavt tbundtistuni iii tbe afleruuou iiivlni, umi 
pietely destroyed nud washed away everv ti t e of 
tbe web which a half grown female garden spldu bad 
made among tbe | inee ou tbe previous day—night we 
aboald perhaps say u we bad arrived on tbe scene at 
midnight. Just as abe was cum| letlng It—we consl li u l 
tbe circumstances favorable Ar can y lug out a pt >JcU 
we had long bad in mind that of watching tlx con 
Btrurtlon of a spiders geometrical web from stmt to 
finish 

By early evening tlw stonu lud passed leaving lira 
aarth aodden and the pine Mingo sparkling with in 
numerable rat ml rope thunder tumbled all mo ml 
while the clouds were still vmy heavy and threati nlng 
and we were a little doubtful If the weather wculd 
peimlt ns to keep our vigil 

At so ton o clock tbe spider lay close to the un b»i 
aide of tbe bramh which It had chaaon for Ita li me 
One could fancy It bed foreset n the orcuriei t f 
storms ftor no room perfect shelter coal I be lroagl ed 
the branch keeling oft direct rain and (be foliage 
around conducting ull water away from tbe spider 
At halfpaat seien at light oclock and bilfpist 
eight, when we visited It a movement had occmred 
and It appeared aa though our trouble wunld be nmc- 
wardad 

We felt certain howevei that If It were likeIv to 
remain fine all night with the i rouped of a fine i am 
Ing the vlder would appres late It and by about mid 
nlgbt construct a new web f r the morrow 
Nine o dock came and although tbe clouds were 
ai denae and atormy looking aa ever we decltl d to 
v alt onr friend again and nee wbnt It waa thinking 
1 hll tlmo we were ifmnrried for Just aa we rewhed 
the apot It left ebeltor me out tc tlic tips of tlio 
f II gi li pied 1 a n Hi o to a joint a few Inchea 
Ini w use ended I Is ut nihlwav turned heal town 
ward and iciualoel nu«p nisi for about fifteen mlnutca 
(seo >lg 2) It then is ended to Its neat lr nob 
nud In n fiw minutes descended to a hi an h beliw 


llvo seconds lulu It aa eudod to Its oilgluol pwltlou 
ti king n| the line with It b tliat ut 9 28 P M prae 
tleally mtiling visible hud beeu done 
Ten minutes later It again ontigcri descended to u 
Irau h below and mailt fast n line which eventually 
foimed tw f the ptiptudlcularly radiating lines. Os- 
tuislblv lln rtf le the spider tommenced tbe real bull 
ntm of n liking Its web at 0 ff I U Next from the 
tlpa >1 tin foliage of Its neat burnt b It let luoee a long 
line with u fiee end tls* object or which aooo became 
ajiarcnt for In a Aw seconds It became attached 
it an angle of ab nt forty degrees to fvlluge on the 
1 wit left hand Here tie Instinct—oi reason—of the 
inlmnl especially m rested unr attention aa at the 
time lira whul was IIiwIul from tbe right directly In 
Hue with the poaltl u selected fur tlie well so that In 
a very few leconds the floating thread atrewined out 
and waa caught aa described Practically from m 
lher point than that ch teen by the ai Idei for setting 
looae Ihl* line uuld the end In view have been attained 
Wc now eonjectnreil a siraedy completion of the 
structuii mentally allowing about an hour for tlu. 
walk He reckoued however without our enter 
tnlmi for after liavlng done a certain anvonnt of 
ki jlng about among tha foliage In (be vicinity the 
net insult nt 0 BO (ace big 4) waa a rough framework 
twi upper and two lower lines radiating from a nebu 
tons soil of ring which wss evidently determined 
upon as the ’enter for the coming web rhe architect 
n w settled herself comfortably Irani! downward nt 
tbe Junrth n and took a long root Twenty minutes 
clu| sod and our si Inner appeared suddenly to res Us* 
llist time was going on and sot to work sgaln until at 
JO 27 P M most of tbo supports were flxod and nine 
f the radiating lines were In poaltlun (ace Fig 4) 

I tw spider now ascended to the neat branch and for a 
considerable time crept about among the foliage At 

II 10 P M It doervnded to tbe oenter and rwnrtfced 
there bead downward for five minutes nt 11 18 It was 
again stirring until at 11 17 the right hand support 

berth r lint luul been fixed as well ns twenty two 


of tbe radial threads lira twenty-seventh radius waa 
fixed at 12 03 A. M after which tbs spider returned 
to the center sod remained hood downward (SOS 
Ilf 8) 

In every case whore we say rested or remained In 
center of web or elsewhere we do not wish to convey 


tbe time although for tbe moat part no movement was 
noticeable. 

At 12 30 A H (aw Fig 0) the last of the thirty 
one radial threads was in poaltl on the accompanying 
numbered diagram showing at a glance the order In 
which they were made (eoo Fig 1) A abort apaco 
of time between the placlug or sU tfc* (Ull after the 
twenty seventh waa devoted to netting together at tha 
center and fixing roughly concentric threads over larger 
or smaller segments which the little creature aeoun 
pllshcd by traveling to and fro, stopping momentarily 
to tlx the thread aa It went the greater part of the 
central work being done after the fixing of the twenty 


o' the moat wonderful of tbe many astonishing features 
of geometric web-spinning Inasmuch as It apparently 
demonstrates foresight and tbe poaesalon by tha Spider 
of reasoning powers which suable It to nse tbs bead 
means to accomplish the and In view It aOxad a 
thread near the right upper center, then by supporting 
Itself on tbe owllal threads and working towards tbe 
left it affixed Its thread—always one remove back—in 
s beautiful volute of about two and tbrewjnartar turns, 
which was completed at 12 40 A M (see Fig 7) 

The objects of this belkal line It afterwards became 
evident, were to keep the radiating threads property 
taut and at the Intended distances apart also to some 
utsnt as ■ scaffold for tbs construction of tbs con- 
oentrtc portion of tbs web 

At IS 41 A M tbe outermost or tbs ooocsntilc 
threads was placed by the spider working from the 
top towards the left and upon arriving at tha In¬ 
truded limit on tlw right It turned about and oom 
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nienced the second thread working toward the left by 
way of the bottom of the web 

At 11 « A M four of tbeae thread* bad been Used 
the Spider accomplishing the work hr climbing up two 
thread* ahead, descending to juat the right distance 
fnm the thread last Sxod bending It* abdomea ow 
the rsdlns next to It, making a derided pause, and with 
the aptnnoreta getting tlw thread whltli had exuded 
a* It proceeded, fixed at exactly the right spot bolding 
the section Juat fixed with the hind foot on that side 
so that It should bear the strain during the operation 
then up the next radius, end so oo over and ovei 
again (see Fig 8) 

Given a good Illumination through the web the meet 
superficial observer would by this time have noticed 
tlait a very short time after each division of a con 
centric was fixed It changed In appearance from tbs 
finest streak of reflected light to an apparently stouter 
and whiter line and would recollect that none of the 
other lines—support* radii nr central netting under 
went any such change Upon closer examination and 
magnification this would be found to be caused bv the 
running together Into globelea of a viscid matter the 
lesnlt probably of the spider Intentionally bringing 
Into action a special secretion We carefully noted the 
time elapsing between the fixing of a thread and the 
completion of the studding with viscid globules and 
round It In every case to be exactly fifty seconds. 

The spider now kept on steadily at work the only 
variation in It* movements occurring with the com 
pletelv circular threads all of which wars fixed bv 
the spider working Id one direction only (from left to 


right) Instead of turning about as at tbe end of an 
Incomplete circle and working the next In tbe opposite 
direction 

Excepting when descending on a line tlie spider 
appeared In every case to draw out the thread from Its 
spinnerets by means of Its hinder feet used alternately, 
while the temporary volute or hello* 1 thread was cot 
away apparently by It* fore feet as tbe spider reached 
It In fixing the permanent concentric lines 
At 1 28 A M the finishing tonch was given to one 
of the most perfect webs we hive seen (see Fig 8) 
and the little wonderworker glided np a line con 
nected with tbe Intricate net* ork in the center and 
took np Its position to watch and wait on the underside 
of the brunch tbe shelter of wblcb It had left nearly 
four and a half hours earlier 
The web constructed by this spider on tbe previous 
night—preceding the storm had two stay lines at 
tsched one on ell her side near the center which were 
nfflxed to tbe foliage abont fonr or five Inches away 
I ho web we saw constructed had no stay line* tbe 
succeeding day being calm and without rain We 
noted these fact* Incidentally hnt would consider It cm 
wise In the absence of recurring oonflrmatorv observa 
tlons to attribute them to either premonition ir toln 
ddence 

In connection with the construction of geometrical 
woba It Is Interesting to note that, although tbe fore¬ 
going spider on thiee ronsecatlve day* made weh* each 
of which contained the same number (thlrtv-one) of 
radii there appiars In be nothing to determine the nnm 
her of these radiating lino* that any partlcnlar spider 


will make Perhaps we ought rather to say that the 
factor* determining such are at present beyond nui 
knowledge 

An A)often umbratka which we hid under olweiva 
tlon at the same time as our friend dtedemaM eon 
strutted—also at midnight- a web twelve Inches In 
diameter This while much larger than that of the 
garden spider was much more open In structure—a 
characteristic or this spec lea—and contained twenty 
two radii only which at the outside of the wsb were 
necessarily ho mut h further apart than those of dtode- 
mata is to render It difficult to construct the outermost 
concentric thrends I o obviate this difficulty tbe spider 
nude s temporary helical line of six colls Instead of 
the three which ex ending much nearer to tbe outer 
eilhe enabled tlie *] Idt r to use It comfortably as a 
scaffold to git on to the next radius along which It 
slipped foot nflcr foot pierieely In the manner of a 
tit descending n cord until In position for affixing Its 
thread 

Again the web or » Hlto a fate six Inches only in 
diameter hnd forty ra listing threads while a younger 
spider or the same site lis constructed a web contain 
lug but twenty isdlntlin, thread* serosa the mouth of 
a Jug 

A vast field for rreearrh in this direction h open 
and althoikh there Is evidence of Increasing Intemt 
In tlio WSJ* of the DUKhmillgned Bidder It wonld 
stem that tbe fringe only of the subject ha* been 
tenebed and It may w« II he said of It as of everything 
else In nature that he who knows most concerning 
It know* best how little he knows 


“Standardizing” the Art of Voice Production 

The Fundamental Underlying Principle of Developing the Vocal Muscles 

By Floyd S Muckey, M D 


fits writer consUlem tin establishment of t real 
aUunUrdliatloa of voice production to be the most vital 
need of the voice-teaching profession Tbe prmnt at 
tempt* at standardisation however are not only futile 
but harmful, because they give tbe musical profession 
and tbe student iwbllc an entirely fata* idea of the 
nature and scops of this problem 
All affbctlva singing and speaking Involves two things 
—correct votoe production end Interpretation. With 
ant eorrert voice production our speech end song de- 
g*MM* bite mere mnmmeiy and disagreeable sounds 
Tkte affect often become* distressing or ludlcroo* to 
the M*m <»> account of evident fedjty strain or facial 
44, With correct voice production the matter 
of Interpretation baewsa comparatively limp!*. The 
totfcv dtjieoda upon tlw knowledge and expartance of 
th* tfpgr, or in other word* upoo his mental capacity 
•taf* thle mental etpedty cam* be nppOed by the 
retd* teabbsr, hie taek can only be to teach th* popll 


J t weal oordt ttt free motion of tbe cartfiagee 

v «f fib# torn*, M« ftf «te Of tha naananee «ac» Wa 
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nweutlal quallUcatlon of the voice tern her I oriect 
voice production la lnvolutury and must nereesnrlly bo 
so while Interference Is voluntary Any attempt then 
lo do ssgtMs* directly with the mechanism or with the 
voice Itself will Inculcate Interference and render voice 
development (development of the vocal muscle*) and 
correct voice production an Impossibility A knowledge 
of the nature of the voice and It* mechanism and of 
th# nature of Interference must point out the method 
of Ha removal The universal femdeocy of tb* voire 
teacher* of to-day I* to attempt to do tomet Way with 
the Trice and It* mechanism, and hence to develop 
Int erfe r enc e Instead of removing It For example, all 
attempts to “place’ the voice to get tbe tone ‘for 
ward," to •focus’’ tbe tone or to give It any particular 
“direction " mean tbe ub* of voluntary muscle* In voice 
production. Thl* nse means I nterte re nc* which ham 
pen tb* free lotion of th* vooal muscle*, tins w*ak 
sola* Instead of strengthening tham Tbe result of this 
wrung teaching It that th# voice* of today (both 
•peaking and tinging) are mere caricatures of what 
thsy should be Furthermore these voice* ore at their 
beet for only a tew years at moat while If they were 
properly produced they e boa hi last until the vocal 
m us cles become palsied by old age More than tht* 
tb* hampertag of the voice mechanism by Interference 
takes tbs mind of the singer awsy from the sentiment 
expramad tqr th# word# Nature never latandad tbe 
linger or mwlrii (If* ■#▼ thought to the prodoe- 
thn of Ha vote#. For tM# ream tha volca machan 
lam wee made tavoluntary, as that tha whole mind 


iniilil Ih null nil ii] ton luti.rpn.lati in I’xuliolncj lian 
m tiling to il» wltb vol e production but la a moot Im 
purtant consldi ration In Inti rprilatlon 
The word standard mean* a menmin ilA thing 
to be measured in tlie present Inatanre Is the tnsihtrs 
knowledge This knowledge must he such as will 
enabli him to diagnose and eliminate Interference with 
tlie vohe meihaniam and to show the pupil how to 
develop his vocal mua< leu What then must the vocal 
teacher know to enable blui to do this? I It must know 
that tbe voice la a complex si nnd that each voice ton 
Is composed of several simple tones varying In pitch 
and Intensity These simple tones are filled tbe funda 
mental tone (tbe lowest pitch) nnd the overtones lie 
mat know that the elements of voice tone# are first 
pitch second volume third quality Pitch depends 
upon the rate of vibration of the fundamental tone 
volume upon (be sum of the Intensities of tbe partial 
tones ami quality npon the number nnd rolatlva In 
tensities of these tone* He mast know that a wide 
range of pitch Is absolutely dependent npon a free 
motion of the cartilages of the larynx and that 
tbe best volume end quality of tone cannot be 
secured without an unhampered swing of the vocal 
cords and fall nse of resonante It Is this roirset 
action of tbs mechanism which produces a strong funds 
mental tone—the essential In good volume and quality 
Us moat be able to recognise Instantly the quality 
produced by a strong fundamental He must know 
that the conditions in tbe throat which produce the 
strong fundamental tone are such as give an unbam 
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perad action of ttM vocal masalas and An* pramrvs th* 
mechanism Ho moat know that resonance it the moat 
Important factor In both volume and qoalltv of ton*, 
and that this la canaed by the aympathatic vibration of 
the air In the cavities of tba pharynx month and nooa 
He most also know that the most rapid dsvelopmaot 
of the voice (vocal muscles) la secured by the dally 
practices of abort soft tones without interference 

While there are many other things which the voles 
teacher should know these are the fundamental fac¬ 
tors underlying correct voice production and must form 
the basis for a stan lardlaatlon of this subject From 
the foregoing 1 n mines the conclusion Is Inevltabla that 
the diagnosis an I removal of Interferon e and a knowl 
edge of fa w to do el p the vocal most lea are tba essen 
tlal quallll ntlons of the singing teacher In the light 
of these statements let ns analyse the recommends 
Hons which were ndiptrd by the New York State 
Music Tea hem Association last June This assools 
tloo la one of the oldest and supposedly the one most 
capable of potting f rth a correct standard for the 
regulation of i I w ten hlng fbo halrman of the 
Btandardlaatlon Conmlttee announced that the follow 
ln( eet of recommended ns for the standardisation 
of voles teaching waa the result of tba work of various 
committees sppolntod by th aseoclatlon during the past 
twenty-ala years 

The Vocal Oonference oftbeNYBMTA. 
twenty-sixth Annual Convei tl n held on June 18th 
1014 unanimously adopted the following recommends 
tlons presented by the < halrman looking toward the 
establishment of a stan lard of musicianship for teach¬ 
ers of singing who desire to become active members 
of the aseoclatlon 

Resolved that In fore i lemon la considered quail 
tied to teach singing hr sho rid demonstrate to the Nx 
amlnlng Committee first that be posaoaooa an ear arm 
rote In the appreciation of different* In the pitch and 
luallty of musics 1 tone* an l In tin pronunciation and 
enunciation of the Fugllsh language second that he 
has sufficient plantatlc ability to play alaiplo accom 
panlments third that he has had at least three years 
continuona study with some competent teacher fourth 
that be poaeeea e e eu h elementary knowledge relating to 
general mualeianahlp as Is contained in inch a book as 
Mimical Rsaentlals by Maryott fifth that be Is fa 
miliar with the contents of ouo < r more standard works 
1 sling with Toi e I*i Mtuctioii Volco Development and 
Ii terpretatlon sixth that lx possesses the ability to 
Impart his knowledge I e ti teach seventh that he 
has some famlll irltv with teaching material In the 
shape of vocal exercises and songs 

To show that even the first recommends tloo In this 
list is not nn essential although It ia by far the sxmt 
ixrtlnent the writer would merely state that Prof 
Ilalleck of Columbia l nlveralty with whom be collabo¬ 
rated in working out the Natural Method of Voice Pro 
flirtton was absolutely deficient In what Is known as a 
mualral ear Tie rigid m t tell Yankee Doodle from 
Old Hundred and yet during the ennme of this In 
vestlgatlon hla ear became trained to I ear Interference 
just as readily as the writers With some experience 
In the removal of Interference be would have become a 
first<lass vot-e toaiher This shows that while on 
slcal ear Is a lerlded advat tags to the singing teacher 
It la not sn shanlute essential On the other hand there 
arc thousands of persons who p o iw rs a this nraslral ear 
hut who are al snlnte failures aa voire teachers for they 
know nothlig about the diagnosis and eDralnatton of 
Interference and the levdopmeut of the vocal mtmelea 


In oosMklsring the sac— d qwxhfeattoa owttlaad ta this 
standard what la the otemsetton batwmn play tag an 
ac com p anim ent and tha dtognitis and altmtoation of 

teacher taka away tba I nt at fe re nh e with tha voica 

be Mated to show ita ibacrdhy Tha abUtty to play an 
accompaniment la not an msmtlal qua li fica t ion of tha 
singing taacbtr 

Number three statsa that tba applicant most have bad 
three years continuous study with some competent 
teacher It baoooea necessary at once to define the 
o mpetsat vocal teacher According to our definition 
the competent vocal teacher la the one who can dlxg 
nt so and eliminate Interference and show the pupil bow 
to attain fall development of the vocal muscles and thus 
make use of all tbs capabilities of the vocal structure* 
Ibe competent vocal teacher should be able to eliminate 
all Interference at once within a limited tangs and dally 
practice for from two to three years without Interfer 
ei ce should give full development of the vocal muscles 
with tha result that there would be a perfect ua* of tba 
voice mechanism or perfect tone production 
It most be understood that In the beginning a tone 
produced without Interference will be very small but 
will grow stronger aa the vocal muscles develop 
There are no singers singing without Interference 
All of them have soft palate Interference and on the 
kind and high toons tongue and false cord Interference 
aa well Bolt palate Interference (raising of the soft 
palate) takas away more than oue-half the resonance 
space False cord Interference prevents the tree vlbra 
tlon of the true vocal cords while the tongue mnaclea 
Interfere with the correct action of the pitch mechanism 
This combined Interference enueee a loss of more than 
one-half the capabilities of the voice mechanism It 
greatly reduces the volume limits the range, end de- 
atroya the natural quality of the linger • voice 
The result Is that tbs voice* of our public ringers are 
greatly deficient In these three demerits of voice pro 
daction Such a condition of affaire could not result 
from competent voice Instruction Such Instruction 
covering a period of Ilia yean should show some pupils 
singing their loudest tones without Interference. Under 
these conditions bow la the applicant to comply with the 
tl ltd recommendation T 

The fourth recommends tloo deals with the elemen 
tnry knowledge of general mualeianahlp While this 
knowledge la of advantage to a voice teacher or to any 
one else for that matter even a profound knowledge of 
tl Is subject would not eld the voice teacher In the 
rilignosls and rilmlnatlon of Interference and the do 
icl pment of the voke (vocal muscles) This knowledge 
of general meat clanship la not an essential to voice 
tracking 

Familiarity with standard works In Tona Production 
etc constitutes the fifth recommendation The writer 
Is acquainted with practically *11 the works written 
upon the voice and be la In ■ position to stats positively 
that there has not yet beta written a work on tone 
(voice) production or voire development The various 
definitions given to the voice prove the truth of this 
statement The voice I* defined hv different writers aa 
vibrated breath “vitalised breath “product of the 
mind gift from God etc. 

A logical discussion baaed on these definitions would 
result In a treatise on Meteorology (vibrated breath or 
air corrects) Biology (vitalised breath) Psychology 
(product of tba mind) and Theology (gift from Ood) 
This Is prectariy what we find In these eo-oailed books 
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dteew** of other riritacaa. Tim tmh * % 
podgi of ths varioaa mum Mrtteaad. «h» mm 
tried are necessarily figurative and <rin gtva the attidtet 
no dafeUta Idas of the volet or Ba prodwttffi The* 
wptfcs can, ttarafbn, afford no wriat a are tettofittf- 
aoris and rilartaarton of Interference and tba 
meat of the vocal muscles. 

A knowledge of th* anatomy phyriotagy ate pbgries 
of wire prodaetkri te essential ta Any IntaBWM «s 
cuarion or tescbttg of tha voice Btara there an Bo 
etahderd works ost tha votes the stodtnt la waabW to 

meodatlou" states that the applicant mpat have the 
ability to Impart bis knowledge. The sbBSty ta Impart 
ki owledgv pre aappoaa* the poreerekm of Otioh Miami 
edge. Store there ere m» competent vocal teadten find 
no standard weeks ou ths votes hew te Aa appUptat 
to acquire a know lodge which will aaabte him to filar 
nose and silmlnste Interference and Instruct his pupils, 
h w to develop the vocal mnaclea T 

In regard to the aerentb Tecommoodatlon. the 
teacher night be familiar with all tba axareteaa ever 
used to voice development, and all tha soags ever writ¬ 
ten and still know absolutely nothing about tha dlar 
nos Is and removal of Interference and tha davalopmeot 
or the vocal muscles. An exarc lee la only of value whoo 
It la performed without toterfereooe, and a snog te 
simply a form of axerdse. 

This seventh recommendation" requires no knowl 
edge essential to voice development 

If anything la over to be accomplished to votes pro¬ 
duction there must be n real standardisation for tba 
following reasons Fvery volco Is sound, and In every 
case voice production la sound production The laws 
which regulate this voice production are precisely the 
same in every linger and speaker and every meebantan 
which produces tha votes la exactly similar Bvary 
vocal mechanism la composed of the same demote— 
vocal cords muscles and cartilages of the larynx, and 
resonance cavities The vocal cords are of the asms 
material—yellow elastic tissue—the action of the mas- 
rice and cartilages la precisely the same to avary to 
dividual and the conditions which give full use of the 


various elements account for Individual characteristics 
of voice For these reasons there can be but ona stand 
ard method of votes production As applicant might 
comply with all of tba recommendations” of At New 
York State Music Teachers Association and still know 
nothing at all about the Standard Method of Voice Pro¬ 
duction 

On the other band an applicant might po s s ess an 
accurate knowledge of this standard method and still 
bo enable to comply with a tingle one of the “recstn 
mtadationi 

The several state attempts at Btandardlaattoo are 
similar In character to that of New York The efforts 
at Standardisation thus far are therefore futile. 

The only haste for a real standardisation la a knowl 
edge of the anatomy physiology and physics of votes 
production and Ita proper application to Ao votes 
mechanism This has been carefully worked out by the 
votes Investigation at Columbia University recently 

tlon need only standardise or measure tha ksnwledga 
of its applicants by this standard knowledge 


An Innolnble Sen! for Letters 

By "Delta’ 

A arxi that will prevent surreptitious qsxilig of 
letters has Ion* been desired Most envsl ties can 
be only too easily opened by simply steaming ona end 
the letter is then withdrawn read, returned and re¬ 
scaled at < ne operation Bnt a paper aaal can be read 
lly made which will render any letter proof agalnot 
being opened by steaming the ends aa wall as tha 
central flap being secured at the time of doting the 
envelope 

The seal la made as follows Use a moderately 
glased paper aa a base tor the seal Prepare a sola 
tlon of gelatine consisting of 40 grains of (eta tins to 
the ounce of water This should be allowed to soak 
for half an hour and then may ba melted by placing 
the vessel Into boiling water When tha gelatine has 
molted stir tha mixture well and then with a flat bra* 
apply tha gelatine solution lengthwise on the paper 
which Should have been previously dampened Umo 
hang up the paper to dry Whan dry coat Aa paper 
again brushing the sheet ero a sw lao then dry It aoce 
min pinning the sheet at oath corner to prevoat It 
fr ■ curling When dry lay the sheet feed down, and 
brnrik tha bank all over with amyl acetate eollodloa to 


a concentrated state than hang It sp to dry again 
Huitable strip* may now be eat from the sheet to form 
ths envelope mate. To was these upon the envelope aU 
that 1a nwarns iy te to dip each one Into a solution of 
common alum for about half a minute mad* vp of 130 
grains of alam to four ouooae of filtered water or 90 
gratae of chroaw alam. Thm place the ami over the 
flap of the envelope after It has beta festsnad dowa ta 
th* asaal way and, placing a place of blotting paper 
upon It, rah It down with th* thumb nail a util the mal 
lies fiat It will bs found that when tbs ami has ba- 
com dry tha gala tins has become taeolabta It will 
not be softooed by a tengthenod parted of steaming 
The coating of amyl acetate coHodton mates At aaal 
quite wafer proof, ao that prolongad rimmtag or evea 
.. Win* with hot water win not cause the mal to 
loosen and any attempt to reaova ths mal will tear* 
a fell tala mark. Tbs paper compoalag the scvalspa 
may (often and Aa aneOagt btyuod the ge la tins mal 
liquify but the ami tteetf win not give way 


ofU’ftSteS'S&W^ilvBri&8t3tttf** 


been matte to the praam! genarstton nan ba afetibated 
to two things Orel, there is th* anpfeomtomtod eoa> 
oectratam of effort Great telsmopta have ham mooted 
and grate obmrva te nm have been buflt te tha p rip am 
of aotvtaB Arid* problems or a shq te group of steady 
rela te d prahtena If Aim prahtena should remain an- 
aotved to oar time A* work win be emrted forward by a 

yean after Aom who Initiated fi have paaaH W 
Cooperation te ratter powarfal tmptotoaA Ate tin* 
tea placed to A* twite of Aa aetroaoMJmote prater* 
to him than say telesc op e or any oM Atf te* H 
Ttomfa to It, no pnmmg prabtea appears te llti ri l 
above our bar to n Ate h too gre at for tea to ittocfc 

vttbm tantohte mtetol rad tte maiteM fiMAMwi 
rite ,*£2 4 *|» t « 2 te 
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The Chemistry of the Incandescent Gas Mantle* 

The Materials Employed and the Steps Taken in its Improvement 


Ip re s po n d!?* to the Invitation to toll you nu o( 
the new dSvefoixnsnta to the chemistry of the tooan- 
■teeMM pM mantle, 1 very much fcer that my hearer* 
wifi b» deoned to disappointment If I am expected to 
demlheaOiM startling change that ha* token place in 
tfchAtoAwtnr. Hnoe the wonderful and spectacular In- 
wotipts 4 the briMaut Austrian chemist, Dr Kart Auer 
roh Wabbaeh, who about 30 yean sgo produced the 
InaapdWiwt faa mantle which In all justice bean hi* 
pap a, the powth of the industry has been marked by 

unlan todeeTwTare to include that radical ebama to 
tba cemporitica of the mantle body which Dr. Auer 
htmerif made, when to the early nineties he sutadtoted 
the thorium-cerium mixture for the more oomplex lan- 
thannm- rime i lui reoe ritni i mantle which had comprised 
hto drat c n w.iMw. Us l mantle body. lUa waa indeed a 
radical impmment, and It marked the bettering of 
the gerara! adoption of the incandescent gas mantle. 

I hat* mid that the days of radical developments 
atom to be fat the past, and yet I never cease to wonder 
at the phemamon of the change or pc trtf notion of the 
vegetable or organic fiber, reproducing the cellulose 
fiber in mineral form under the influence of the Bunsen 
flams and giving the Ught-produotag body with which 
we am familiar. And although wi hear the fragility of 
the mantle frequently alluded to, yet when I watch its 
formation In this manner, which seems to be emntial 
to Its Ught-glving efficiency, the strength and reatlkncy 
of the mantis Is a “nine days’ wonder" to me. 

The change hi the composition of the WoUhach 
mantle wbu tito mixture of OB ports of lharia and 1 
port of oecta was substituted for the earlier mixture, 
has ever been to my mind an Invention of the highert 

type, involving as it did the purification of rare earth 

materials beyond the limits of previous knowledge, and 
than the development of commercial processes for the 
production of them ram earths in the highest state of 

Notwithstanding tba extravagant elates made by 
many parade inventors, the thorlum-oerten mixture still 
holds as the rramtisl composition of all Weiabeoh 
maatiea, and ffafc, and this alone, is the basis of the 
HfhHdvtaf qualities of the toeandeaoent gas mantle: 
although the last quarter of a century has brought ns 
mnoh enlightenment upon the field of rare-earth chem¬ 
istry, no satisfactory rafastitote has been found for this 
sariy invention of Dr. Auer’s. An Intimate knowledge 
of this Industry from the very day. of its Infancy leave* 

me with an evwdncreaamg respect for the work of the 
pioneer, Dr. Anar. 

IB Justice to the faithful and meritteiouswork nftito 

■ay that thrir work has molted In certain changes and 
hnprovam ra ts in the mantle and burner whieh have de- 
emaaad its cost and Increased its efficiency and dura- 
UUy. Soma of these points f wffl touch upon. 

In the surly day* a purified cotton fabric waa satu- 
rstod with tha thorinnwwhan mixture mad* of mar 
• toriais of as Wgh a stoto of poky as pomlbh. The 
pmtty of the oritoloae Waa found to be absolutely era- 
tiaL and tbs well-known bleaching and washing pro- 
eeaaaa warn carried beyond the point previously thought 
to b» asiimary, and a cotton c ar rying has mineral 
■gtoflamt than the bast absorbent cotton was soon 
{godhead. the deleleHona toflnmoe of fotrign 

sabqtaocca, soeh to sffiea, lima, msgn s ala. ahtmtoa, 
nhotohedo add. eta., It wto woognUsd that It was 
.JkM to harmful to have them ehmanta brought to 
** ngetablo'tfw *■ from the rem¬ 
it nfn^r meogtipad that the length of the fiber 
eg iflgpb of the mantle fabric bad mwah to do with Its 

Mdtb* Imwto fihsmd nmie oe China gram was looked 
BfiMfttt Ikmr whto H ton first taWodneed, but It waa 
tot nmd gfth toy aww by ttotol. mawfaotoms 
an* tA Ud W stooemfufiy 

'35** atofition of male a* a 

fijfaSS, Nil Ik TTlBnlil tod tfeto In Other eono- 
Bber toad* pomMa tha 
t tantom. 




By Dr. H. S. Miner 

lengtii from 1H or IH Inches to 6 or 0 Inches by the 
substitution of ramie for Sea Island cotton, and that 
with certain advantages, especially In Inverted mantles, 
yet the ideal had not been reached, and It remained for 
the artificial sQk or artificial ocUuktee fiber* to supply 
that ideal. The detoy In the development of the artificial 
silk Industry caused a delay In the adoption of artificial 
fibers a* a mantle-making body, but its many strikhv 
qualities of strength, elasticity and maintained candle- 
power, have caused a persistence of effort that now 
had Its reward in the arti-flber mantle. 

In the early days, the only digressions from the Ideal 
composition of 90 per oent TfaO, to I per oent CeO, 
were slight variations hi these figures within narrow 
ranges to produoe lights with varying degrees of wUto- 
neas, an Increase or decrease of oeria increasing or 
decreasing the yellow color of the light produced. The 
coming of ramie fiber and the Inverted type of mantle 
made the Introduction of small percentages of hardening 
materials amentia!, and beryllium oxide was found to 
bo an ideal substance for this pnrpoae. 

The change of fiber and of the type of the mantles 
as indicated has caused a complete revolution In the 
processes of manufacture, ud notwithstanding the ex¬ 
perience already gained, each one of these changes has 
called forth a line of research that had made penustent 
work over a period of years essential before the problem 
could be considered solved This la espeeisUy true of 
the arti-flber mantles, sad the changes in manufacturing 
processes have extended to the eollodkm or lacquer used 
to strengthen the mantle for transportation, for the 
collodion used on the cotton or ramie mantles wm found 
to be entirely unsulted for arti-flber mantles. 

The problem of primary importance for the chemical 
engineer, as related to this Industry, has ever boon the 
manufacture of thorium nitrate, and many changes in 
the commercial production of this suhstanoe have, of 
eoorse, been effected during the More of years just past. 
Monastic sand has always been, and still Is, the only 
commercial ore from which thorto oould be obtained, 
and contains from S to 6 per oent ThO a ; although small 
deposit* of thorite and thorianite with a thoria content 
of GO par cent and 75 per oent respectively have served 
to keep alive within us an appreciation of, and longing 
for, a more ideal ore as a source of supply. The high 
prioe of monaaite—this very low-grade ore from a thoria 
standpoint, with nearly 05 per cent wasto—has thrown 
upon the thoria content, while still looked up in this 
phosphate rook, a heavy burden of expense and has 
made necessary tbs production of high yields and low 
costa of operation to keep tha eost of thorium salts low 
enough to make them commercially available. 

Tho first processes used In factory praetlos were 
naturally but enlargement* of the well-known laboratory 
methods of analyris, while from this beginning have 
developed modification after modification, substituting 
cheaper and cheaper reagents and methods of manipu¬ 
lation until the oommeroial proocee o * of to-day hardly 
bear even a “family rasembianee" to tho first process 
employed. Three modification* are, of oourse, still con¬ 
tinuing, and are made imperative by the fluctuation in 
price, either of the ore, of some reagent, or of tho prioe 
of labor. But although there be variation* In processes, 
there must be one unvarying standard over before the 
chemist to charge and all of his associates, and that is 
the absolute purity 4 the product Pure thoria is vitally 
essential, and I am gratified to be able to say for the 
thoria nwmdaoturere of the world that their product is 
of very Ugh grade, and is better now, notwithstanding 
tha ebeapenhw and shortening of processes, than it was 
to the beginning, although even then it was sincerely 
labeled “C. P." 

There are various means, both ehemieal and physical. 
Of elm*k in g unt italss inlnhag the purity Of th* product, 
bat to the tight of experience the most satisfactory 
method for both accuracy and rapidity la the manufac¬ 
ture of mantles from the thoria as H progresses to 
parity. The ook* of the mantle body, the oolor of the 
tight produced, the prenare or absence of shrinkage, 
the brittisoeea or fieribOhy of the mantle, give to the 
axpertaooed m anuf a cturer a more satisfactory Indica¬ 
tion of the parity of tha product than do th* ehemieal 
analyses, whieh are of aeeearity long and tedious. 

The Other Mittal material which ant always 
a cco mpany thmto b eeria, and although H b need to 
only about ana oa*taodredth tha quantity as thoria, 
yst ha shaaskriry b just as important and its parity 
jam M —Mttol, I am glad to my that thta product Is 
•m purer them whan Dr. Auer first need it evrn in 


larger proportions to hla lathanum-slroonlum-oerlum 
mantle. The oxide of cerium then obtained waa of a 
reddish-brown tint, while that now manufactured is of 
a light yellow color, the former product having been 
•lightly contaminated with neodymium, tho last traces 
of whloh were difficult to remove. 

By way of variety, and in order to add sort to the 
work of the mantle chemist, ho has also to manufac¬ 
ture beryllium, zirconium and neodymium, each of 
whieh he uses to a limited way, and none of these sub¬ 
stances are really easy to produce. 

Radio-chemistry has recently thrown the thoria manu¬ 
facturer into the “time-light” because of a radio-active 
product three hundred times stronger than radium, 
which occurs to and is produced from the thorium 
which he manufactures. I refer especially to meso- 
thorium, which a suffering and stricken humanity has 
implored the thoria manufacturers of the world to save 
for them, and which three manufacturers are now 
unitedly conserving as a substitute at least for radium. 

With tho possible exception of tho meao-thorium just 
referred to, every problem we have mentioned has a bear¬ 
ing upon the eharartcristios and qualities of some or all 
types of incandescent gas mantle*. There Is another 
and no less imimrUnt problem, however, that should be 
alluded to, and that Is the protective coating that must 
be applied to a finished mantle to strengthen It tem¬ 
porarily for transportation. In tho early part of 1888 
we were dipping the finished man tle to an alcoholic 
solution of shellac, made slightly flexible upon drying by 
the addition of a little castor oil. Borne es sa yed to 
strengthen the mantle by the use of paraffine, and I 
have to my colleotion of cun os a mantle imbedded In a 
rake of paraffine, which was to he removed by the melt¬ 
ing away of the paraffine wax. 

The invention of solution* of nitro-odluloae or aoluUo 
nothin opened up a now Hold of research, and tho knowl¬ 
edge gained of the many various forms of nltro-ocfiuloae 
and tho numerous solvents therefor, together with the 
knowledge and control of such characteristics as vis¬ 
cosity, hydrosnopto effects, etc , have made it now pos¬ 
sible to prepare collodion solutions of almost Ideal 
qualities for mantlo purposes. 

And what are these Ideals? A collodion must be of 
the proper vlsoneity for mantles to ho dipped In and 
withdrawn from it without rupture or strain; tt must 
dry quickly with a film stiff enough for the mantle to be 
handled with safety, and yet strong and else tic enough 
to resist handling and shook; it must bum off slowly 
enough to prevent tho mantle from becoming annealed 
or softened, and yet it must not leave the mantle body 
sticking to the rap of the humor. A eoUodlon which 
answers these Ideal characteristics is now realised hi a 
mtro-coiluioae solution hi a mixture of solvents with 
camphor made flexible chiefly by tho use of castor oil 

I ssid to the beginning that the type of spectacular 
developments In the incandescent mantle industry were 
apparently over. At the close of this very general 
review I am. however, strongly tempted to modify this 
statement, and to class the commercial development of 
tho arti-flber or artificial silk mantle to this class of 
achievements. 

The mantle manufacturer has held before himself for 
a quarter of a century and more certain ideals toward 
which he has earnestly striven. Some of these have 
been strength with elasticity, high and maintained 
candle-power, preservation of oolor and absence of 
shrinksge. A realisation of then Ideals Hems finally 
to have been met to tho mantle made from the bundle 
of elastic, spring-like fibers known aa artificial silk, for 
the strength of these mantles certainly is something 
phenomenal, the high initial oandto-power Is not only 
maintained, but is frequently inertamd. This is made 
pasrfble by the practical absence of shrinkage upon pro¬ 
longed burning and by the very eurtons phenomenon that 
this mantle does not seem to collect the fine mineral 
dust from the atmosphere as do thoso manufactured 
from the shorter vegetable flben, cotton and ramie, this 
aflktoos dust having a very great affinity for the bade 
materials of the mantle body. 

The attainment of this ideal has been reached only 
after years of persistent research guided by many more 
yean of experience to mantle manufacture. Old theories 
had to be abandoned and former methods completely 
changed before this mantle was commercially posrible. 
This waa a ohemioal problem of gnat complexity, and 
Its aueeeaffol ablution arouses snob enthusiasm within 
me that I am tempted to include this among the radical 
and spectacular development* to our Industry. 
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A clan ahull from China with images of Buddha covered with mstfaer-of-paarL 


The Artificial Production of Pearls 
By F. K. Chldcatrr. A.M., l’b.D. 

Tim shell of (he mussel co urie ta of three layers. The 
outside horny layer la called (he prriotlracam; the 
inlildki primaHo layer la formed from tiny prisms of 
calcium carbonate separated by Ihln layers of the horny 
iniiehlollu found In llio perloatrarmn; the Inner layer 
la the (More or “mother-of-pearl,” which conalsta of 
nlternate layers of calcium carbonate and conchloltn 
arranged parallel to the surface. The pcrloatracum und 
tho iirtsmalkl layers arc secreted from the edge of the 
mantle, while tho nacre Is secreted from die whole of 
the epidermal surface of the mantle. (I’arker and 
Harwell.) 

Many eenturlea ago the Chlnene discovered that If for¬ 
eign Mulwtances wore placed between the mantle and tho 
shell of a mussel, In many cases a rusting of “mother- 
uf-pearl" was laid down. The photograph shown here¬ 
with Is of a clam now in the (Vmchologlcal collection of 
ItlHKcra College. Tho wire Images of Buddha were 
placed lu the shell, and after a time (probably at least 
a year) the shell waa removed from the water with the 
tillages uniformly coated with nacre. 

The Japanese have developed the earlier work of the 
Chinese to a great enterprise tinder the guidance of tho 
late Prof. MltsukurL opening the oysters slightly and 
Insert tug Mta of sand, Images, and particles of lime¬ 
stone. with the result that tn many eases pearly ex¬ 
crescences, blisters or “culture pearls” arc produced. 
These blisters are not of any great commercial value 
and, until recently, attempts to produce free pearls have 
lieen notabjy unsuccessful. A Japanese scientist, Mr. 
Mlklmoto, has produced a few small tree pearls by artl- 
UelsI means, hut with such difficulty that the enter¬ 
prise Is not commercially profitable. It remained for 
Hr. F, Alveoles, working In tho laboratory of Prof. 
Kuraehclt at Marburg, to produce free pearls by mechan¬ 
ical treatment. 

Severs 1 causes have been suggested for the origin of 
learls. ITerdmau thought that Coatodo larvs« were the 
sole cause of tho formation of |iearls In Ihe Ceylon 
pearl-oyster. (Jameson ’12a.) .Tamenon C02) showed 
that In the edible mussel, Jfgflfvs cduHt. pearls are 
formrd ns a result of the stimulation of a trematodo 
worm, (lymnophalltia. Tn this case the worm Is sur¬ 
rounded by a sac composed of the abell-socrctUig 
epidermis, and the sac lays down concentric layers of 
shell snhstanee and forms a istarl. Jameson opposes 
the theory of llerdmnn that the pearls found In the 
Ceylon oyster an* caused tor a tapeworm and conoid era 
foreign nuclei ns exception*!. (’12a.) Hubbell (’ll) 
oppose* the parasitic origin of Pearls in the fresh-water 
mussel, finding that they originate around particles of 
the ell It I nous periost rucuia. 

Hr. Alrerdcs distinguished between nucleated and 
noii-niiclonled iienrls. Tie calls a nuelena a ceutrsl body 
■ml comisisi-d of on*.of the shell-sabataucea. Fre- 
ipieutly Hie eeoler of * pear la a perlostiacnni center. 

... . of n [icarl may be a psraidte, an ovum or 

n fragment of tissue, or even a bit of quarts. (’]&) 
Hvcrdes lujiv-led Into the coimnctlve tisane mantle 
imrenehyma fragments of the shell secreting'eplfecsria 
of ihe mantle, and Id other caaes a disk of tissue con¬ 


taining both the epidermis and the dilated lining of the 
mantle cavity. In both cases the epidermis lived If it 
found Its way Into one of the cavities of the paren¬ 
chyma. (Jameson U.) It surrounded the cavity with 
epidermis and formed a closed pearl-aac. Jameson con- 
eludes (14) from the work of Alverdea sod others that 
tlio real determining factors of pearl production are to 
be sought In tho presence of an Island of epidermal 
tlwme In tho sub-opl<lermaI tissues, this island having 
been formed by mechanical proc e ss e s as In Alvardaa'i 
cxiicrlments; by a specific parasite, as shown by Jame¬ 
son In MytJhja; or as Rnbboll has shown In the fresh 
"utcr mussel, from a derangement of the normal mech¬ 
anism of shell secretion. Alverdes’i experiments proved 
that a nucleus Is not necessary for tbs formation of s 
pearl. 

BtsuoasAmr. 
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industrial Uses of Hydrofluoric Add* 

Tbs larger works on Chemical Technology' give the 
following uses for hydrofluoric acid:' 

1— liquid or gaseous hydrogen fluoride is used for 
ntolling glass. The liquid leaves a smooth transparent 
surface, while the gas leaves a rough opaque surface. 

2— Hydrofluoric add in eonneetion with fluorides of 
the alkalies and some other additions, such as aeetio add 
or sulphuric add and other*, are used for frosting glam. 
For this purpose there is In general use a solution of add 
ammonium fluoride in hydrofluorio add. This has the 
trade name of “White Add” and contain* about 32 per 
cent MH«FHF and 20 per cent HF. It works very 
quickly, e. g., the frosting of elec trie bulbs requires only 
about a minute. 


3— In tbs immAiSs . of reMta tuts retold* tare- 
totd the A*nSSSuTwtokhariotto." 
gradually rendered immsm to *»«**<* 

or its reita. ■> that tbs naottteeiffa aotharmod, bottikt 
bacteria which esosss the formation el tootle ct btitydr 
add are kflM; thus * purer prodaot and a larger ybM 
are obtained. Very wngfl amounts of hydr oge n flnoddo 
are Rtfldent. Bflroat, who workad set this pris ms . 
recommends from 8 to 10 grammas hydrogen feftfato 
per lOOUtmsof maah. It is not uasd in th»manuf**tore 
of whisky. •* It la f«*red that it may hare a* iaflniiU 
on the ftsror. This mm to be well touadsd, ■* tbs 
flavor of whisky fa'at least partly due to sthsn oI the 
fatty aokk. 

Ammonium fluoride is, however, used in th* terms*, 
tation Industry to steriHaa vii reds and rubber hose. But 
them an always aanfuSy wasbod with water before they 
are used again. 

4— For tbs preparation of hydrofluodtteie add and its 
olti. (Motown.) 

5— To remove alkalies from the Juke of sugar bests. 
(Thorpe.) This is probably only a propoml and tt Is 
not likely that it baa ever been carried out on a large 
seals. 

ft—To remove sflioa and tiUoatss (ram ground ao- 
thredte to be used for tbs manufacture of s rrifl aia ! and 
for electrical purposes. This process was carried out 
for same time an a large seals by F. v. Hardtaurth,* but 
was Anally abandoned again as too expensive. 

7— To purify crude graphite. 

8— For treating eorthsnware vessels to render than 
more porous. 

The last two uses are mentioned by Prof. Prior 1 in 
1903, but 1 oould not find soy details lu tbs literature. 

9— In dyeing, tbs antimony add flucridri Is used as a 
substitute for tarter emails. 

10— To remove ittbstenees whleh have bean added to 
•ilk to make it appear heavier. (Dammar.) 

This proosm k probably used only in tbs laboratory 
in the examination of silk fabrlos. 

11— In the laboratory, to dksolvs and to remove either 
free or oomMned dHrio add. 

13—To clean sand from oast iron and to remove 
obstructions from natural gas or oil wells. 

I have not learned bow mueh the last named use of 
hydrofluorio add k praotked. 

These lest two uses are apparently not praotked In 
Europe. They are mentioned In some of the works on 
ehemioal technology, but there all rate to an article 
published by myself in 1890. 

To those uses which have been made known through 
different publication*, the following four, whleh as far 
as I know bavs not been published but are in use in the 
United States, oan be added: 

Besides for deoiling rest Iron, the add k also used in 
luge quantities either alone or mixed with sulphuric 
add to dean tied pipes to be used to Indore electrical 
conduit wires. It k also very useful for sisanlng brass 
and ■frmfltor oaatingfc> 

The particular advantages over other methods for the 
same purpose are: 1—This add dkodves the sand 
direct, while other adds only loosen it and eaure It to 
drop off by dissolving the metal undernreth. Hydro¬ 
fluoric add aim dissolve* the magnetio iron oxide 
(FreOt) more readily than sulphuric add or hydroddorie 
add. 2—Hydroflnorio sold leaves a dMaer surface and 
does not penetrate into the easting* as other adds aeon 
to do. If salting* whldt hsve been cleaned wHh nriphn- 
rieor muriatic add ere well washed and dried mid to¬ 
ward oo wred with metal or tasquar, it happens quite 
often that the totter are injured by sxcrerecnoss starting 
from tbs metal. 

In dcaning pipes for slaetried eowhrit* ody the inner 
tide k of importance; it mn*t be perfsetiy smooth, aq 
a* not to injurs the ooverad wires when they are pulled 
through. On the Inside of metal pipes there ere patakas 
of melted ring. Three eon be removed with wl p h urio 
or muriatic add only by toeing considerable metal. Thk 
slag, being a sQtato, and the magnetie ireo oxide, are 
dissolved directly by the hyd rofluo ri o add. Frequently 
a mixture of sulphuric and hydrofluorio soldi k ttM^for 
cleaning such pips. 

Oast atari mb rarely be dreasd to adAnteg* wttb 
hydrofluoric add, becMm th* loam uasd for molds fa 
baked vrey hard and dkadvre very dowly la hydro- 
flnoAo add. 

Osotings and pipo are daaood in th* following manarel 
Th* add fa nred to vnrrisi strength*, Moggflfaf to 
eondbton of tbo mfaU to b* dotnod and tfa»»nfi*Hb 
tins. Qno part 30 p« owt hy droflnorio add fa stored 
with 4 to 40 part* of wetor, whfak tften a sotedta 
tahring 10 to .0.7 par rent hytkofluoria add-' TO*?’ 
wsakar add fa point** If oasugh vamslearaoo W ; 
to tat* th» casting* to fits add jfaB* dMwftp' 


«jg, are*. atota. todk »> »»*• 

• piiitwre, t«in. (-v ■ 
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Si mm*- thM* n horot etaaa cartings With 1psr 
-^y son Mid is reqatrod if 
MnefH arid b used, bat the tin* of riasaing tiraduood. 

oovegiaf c —t nlly asad. For toonamy in handting 

it-" — li ~r**—r *“ f — 1 *- J —-**- 

iwi pafaretad OB *s ridas and slightly mailer tlun 
tba ini one. Thto ha* the advantage that the sand 
w*fa& Uhl cffi malM on the floor of the inner vessel, 
to lifted 1 sal with it and is thus removed from further 
aotlonof the arid. 

Heath* Booetoratos the action of the add bath, which 
ean be need repeatedly if for nay hash batch of oastingi 
about 1/4 of ire amoral of aeid originally need is added. 

If Die mating am to reenain bright they ahould bo 
washed with hot water aa eoon ae they oomo out of the 
aeid ptokla, so that they dry off quieUy; otherwise they 
ean be washed with oold water. To the last wash water 
soma Aik of Hue is usually added to prevent rusting. 

Under the published usee of hydrofluoric told, the one 
for etching gla« wae mentioned flnt; but it is very strange 
indeed that the use of strong hydrofluoric sold for point¬ 
ing eui glass, which has been in preotioe for a number 
of yean. Is nowhere mentioned. It started about IN 
yean ago and la at prese n t probably in use in all of the 
'out glare (aetoriea In this country. 

The last operation in manufacturing out glass is the 
poUsUng of the turf sees which have previously been out 
into the glam. This was formerly done with oxide of 
lion or oxide of tin. Aa every plane had to be polished 
separately by skilled labor it was alow and expensive. 

A flner polish is now obtained in the following manner: 
For vasee tod similar shapes, where the polish la required 
olny on the outside, a wooden stopper is cemented in 
watertight with paraffin or wax. Other lurfaoea which 

(ttorroipmtfcntt 

trite editors ere not responsible for s t a t e m ents mode 
is the eorrseposdesee ooissus. Anortymoue communi- 
oetiont osmiot be considered, bat Ike names of corre¬ 
spondents toiti be eoUhheU when so desired.] 

A Perpotmal^CaJeadar 

To the Editor of the Soimnno Amiou 8urn.au xnt: 

I have with a good deal of Interest the 4,000- 

year ealandar printed In ths Burmina nt to the Boi e n ti no 
Ausbioam on page 400, December 10th, 1014. I have 
doiw a good deal of work on calendars, and I have taken 
the trouble to study out this rather complex affair and 
And h is not reliable. I enclose a table of dates which 
I have looked np in this calendar, with their comparison 
with the oorreot dates. In this table there are twolve 
old-style dates, and Kennedy’s calendar give* eleven 
of them wrong. 

Ths ehange from old style to new stylo was made in 
England and her colonies in Beptrenbre, 1763, the days 
between September 2nd and 14th being omitted from 
tide month; but there was no ehange in the suooeeoon 
of the days of the week. September 2nd. 1763. was 
Wednesday sad September 14th in the same year was 
Thursday, being the following day. Kennedy’s calendar 
gives both of thsa* days a* Thursday. Kennedy finds 
that Ooinmbus discovered America on Monday, while 
history toils os it was Friday. 

I have worked out a calendar very much simpler than 
this ef Kennedy's, which covers the whole Christian era, 
aad am rendb* yon herewith a photographic reproduc¬ 
tion of it. If the Sciajmric Annuo* Berm *mint 
desires to publish this «alv~d" I shall bo glad to have 
l! do to. Ths explanations given at the head of the 
*» u r' , tT an all that It necoreary to make it olear. 

I note also in Kennedy's calendar that he take* no 
account of the bet that previoue to 1062, when the Eng¬ 
lish Stogy was revised, the extra day in February was 
Inserted between February 23rd and 24th, which practice 
extend* baek to the time ef Caesar. My calendar pro- 
vide* for three exceptional days. 

W. J. SriLLuai, 

, Washington, D. O. 


■a no seoouat of pise* of intereelary day prs- 
1M2. (Between February 33rd and 34th). 
itotao ecrors throughout. Example: 

Kennedy True day. 
12th, 199 (OB.) Wednesday Thoreday 

12th, 309(Q4.) Monday Wednesday 

ifth, 9te,(04.) today Tueedny 

I2lhi 10lb 0M() * Monday Tuesday 

* 19th, 1209 (04.) Friday Sunday 

Uth. MM (04-) Monday Friday 

. 12*^ 279(04.) Boday Tuesday 


tial that all surfaces to bo polished must be absolutely 
dean, and especially free of ovary trace of grease. To 
aooomplith this, they are brushed with soda solution 
by gill* who wear rubber gloves, then they are washod 
In dean water and after most of the water has dripped 
off they are dipped in the add bath. 

Generally a mixture of 1 part by weight of sulphurio 
add, 66 degrees B*um4, with 3 parts 90 per cent hydro¬ 
fluoric add Is employed. This mixture is in a lead 
veasd, large enough to submerge the largest pieces to be 
polished. It Is placed directly in front of a ventilating 
tube, through which a ventilator creates a strong suction. 
This protects the polisher from the strong vapor given 
off by the add mixture and he needs only a rubber apron 
and long rubber glove* for his protection. The per¬ 
fectly dean and partly dried off pieces of glassware are 
held one at a time from to 1 minute in the add, and 
then immediately dipped into water. 

By ths action of the add on the glass a thin crust is 
formed consisting of caldum fluoride, probably with 
some sulphate of lead and sodiuAi or potassium fluoride. 
This It removed by brushing with water, after whioh the 
piece* are washed off in clean water and dipped again 
in the add. The polish Is usually complete after throe 
dipping,. Every piece Is carefully inspected and de¬ 
fective spots are polished by hand; if ths grinding was 
carefully done, this is rarely necessary. 

Experiments undertaken to polish plate glass in the 
manner described did not produce satisfactory results. 
Tho surface obtained was glossy, but in place of bdng 
perfectly smooth, as in the case with nut glass, it was 
somewhat wavy. This difference may 1*> caused by the 
materially different composition of the two glasses or by 


The following letter received from Mr. Kennedy ex¬ 
plains some of the discrepancies that have been found 
in the use of his tables: 

“The table is absolutely oorrect. but there are two 
slight error* lu the examples given, which require cor¬ 
rection. 

1. “Example 1,” your proof-rnador has inverted the 
figures "88" making it read "OH." 


the apparently different manner of their production. 

Buildings and monuments, particularly in industrial 
districts, obtain in oonree of time a dark color. This 
can be removed and the original color restored with 
hydrofluoric add bettir and cheaper than In any other 
way; 16 per cent add is generally used (30 per cent Is 
diluted with the same volume of water). Tho workman 
wears robber glove* and proceeds aa follows: Two or 
three square feet of the surface are Aral moistened with a 
brush or sponge, then painted with tho 16 per cent acid 
(for larger surface* a whitewash brush ean he used). 
After a minute or two the surface is scrubbed with a stiff 
brush and rinsed with water. The action on grauito 
or sandstone Is negligible; marble is acted on a littlu more 
and it la advisable to protect polished surfaces. 

The glass roofs of greenhousoa are cleaned in a similar 
manner. During the summer those are usually white¬ 
washed to moderate the rays of the sun. This protective 
covering, on whioh also accumulates Bonus dust and hooI 
during tho summer, lias to be removed lu tho fall, us 
during the winter all the sunlight obtainable is needed. 
This is done by painting the surface of tins glam with 16 
per cent hydrofluorio arid, using a A to 8 inch whitewash 
brush fastened on a long pole. After a few minutes, 
when about 8 rows have been painted, the arid is washed 
off with water. In this manna the glass is made aa clear 
and transparent aa new, much better than was formerly 
poerilde with murialie or oxalic arid. 

If tho houses are old and tho panes of glass not al>- 
solutely tight, the glass In thorn houses where ferns, 
sniilax and asparagus are raised ahould be cleaned liefore 

spots from the fumes of the arid, which penetrate through 
llic crevioes even tlwugh the fumes are nut perceptible 
to human being*. 

2. "Kxamplo 3," is my ovonight. "In century table 
opposite O" should road, opposite “1”, for tho beginning 
of tho century was January 1st, 1. Then folluw this by 
"which is 8," added to 1 gives Saturday, instead of 
“Friday.” 

Tlie Christian Era liogan on Saturday instead of 
"Friday." 

None of tho readers of the 8urn.Ksr.NT seems to have 
delected this, and I am interested in having those little 
orrore corrected 

N. F. Kknnkuy. 
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The Gas from Blast Furnaces—rV* 

Its Cleaning and Utilization 

By J. E. Johnson, Jr. 

Concluded from Scmmnc Aiumcaj* Summoorr No, 3042, Pi*e 137, Febrsmy 30, 1010 


MXTHOD* OF DETHRMINIHG THI AMOUNT OT IVH IV 
BLARI^VUIUIACV OAR. 

A mvtuod. employed with rood results In Europe for 
determining the amount of du*t in the gas consist* In 
drawing a definite quantity of the bl**t-furnaoe gw to 
be testod through a filter, which ia weighed in a dry 
condition before and after the teat. The apparatus far 
determining the amount of duet eonriata of a gUaa tube 
drawn out at one end and fitted at the other with a 
ground-glae* cover which ia alao drawn ont to a thin 
tube. Tbia cover fad 11 tatee the placing of the filtering 
material In the tube, and during the test the oove 


suction of pump / or by pnssntw tat gw main 1, are 
Indicated, and eaa be neeurateiy soa trolled and made 
equal to the velocity of the gu or pace in eondslt A, 
the gaa main, aoeh indicator being the ofl pkfcm ihown 
in giaa tnbe forming a part of the velocity gage 8. 

The method of operating tide apparatus k ae fol¬ 
low*: The dry weight* of the filtering medium C. of 
the reoeptaok fl, containing the oaloium ehlorida, end 


medkm C, baton and after th» test, divided fay thtmak- 
ber ef eufaie units ahown hy the meter, #m> the wufchl 
of feat per coble tmk. The mefctwe »tf wbfe «* of 
g*< k found I. a rirnOav meaner freaa the n» of the 
weight* of the water in dry** aeeeptaeie 0. the ml* 
ecagkt hi the miMoring flask attached to mhii son- 
denser F, aad tha weight of wafer toialaod ia thefibaftng 



fa faatened to tho tube by mean* of wire. Before the 
teat, tha glaae tube, filled with auitable filtering material 
la placed in a drying furnace and heated at a tempera¬ 
ture of 106 dag. Cent, until 1U weight i» oonatant, which 
uaually require* from 1 to 2 bran. The drying lurnaee 
ia arranged ao that aeveral tube* can bo dried aimut- 
tanooualy. 

During the drying proccn* air ia drawn through the 
tube* after having prwviouaiy been thoroughly dried 
by paaaing through bottle* containing ualohun chloride 
and eoncentrated aulphurio acid. During the drying 
proneaa the tube* am weighed until no further inures *e 
in weight la oberrved. 

In making the teat, the weighed tube containing ita 
filtering material ia Inner ted into the gaa main, a rubber 
a topper keeping the teat-hole tight- The upper end of 
the tube la connected with a gaa meter, which in turn 
k connected with a barrel filled with water. The water 
la allowed to flow out of the barrel and in ao doing create* 
the neeaaaary auction to draw the gaa through tha filter¬ 
ing tube and through the gaa meter. When the mummery 
amount of gaa haa been withdrawn the tube k again 
dried and weighed. The inoraaae in weight deoreeee 
the amount of duet in tho quantity of gaa tea ted. 

DROWN amt, MOMTUSR, AND VOLUM* DRTRRMINATOB 
von BbABT-VURNACR AND OTBRR OASW. 

Thla apparatua haa been deviaed in order to accurately 
determine the amount of duit and mokturo contained 
in blwt-fufwoe gaa, aa well aa the volume of the gaa, and 
k uaed with oonaiderable aueeea*. 

Referring to tho accompanying drawing, Fig. 30, A 
k a gaa main conveying the gaa to be teeted. B I* an 
aperture in the email pipe through which lamplee of the 
gaa an drawn. C k a filtering medium within which 
the eolid oowtituenti of the gaa ere deposited. D la a 
conduit leading to tbo exterior of the gaa main through 
which the filtered gaa k oosduoted. K repreaanta a 
flexible connection to a aurface oondeoaer, F, <7 repro- 
ecu la a receptacle for aoroo obamioai, auoh aa calcium 
chloride, whioh can be uaed for the purpoee of taking 
out the moll tun oontalnad in the nmple. Aka oon- 
dultfrom thl* malature-removlng reoeptaok to the rotary 
air pump, /, or through the by-pa** / to the three-way 
valve K and thenoe to the gaa meter L, where the votume 
of the aample k determined, together with he tempera¬ 
ture and preeaure; tbeee latter by mean* of the ther¬ 
mometer If and the U-tube AT. nepeotively. Aneieotrie 
motor, O, k wed to operate the pump / through the 
variable-speed drive P. 

An indication of tha valooity of gw or gaaca in eonduit 
A ia tranamitted through aperture Q in the Mmpte 
pipe and conduit R to horiaonUl prewure gage 8; 
ako an indication of the velocity of gw or gw after 
pee ring npertqw B, k transmitted from aperture T 
through conduit U to borUoutal (reerun gage 8. It 
k evidenf tint change* of the vaioehy ef tha gw or 
gaae* In a p mfe uo B at maple pise, produced by the 


Mill 


,il in 


Fig. 81.—The ccarae of the gaa through the (I 

of the meaauring flaak attached to aurface aondenaer 
F, an very carefully determined. They are then in¬ 
serted In the apparatua, and tha aample pipe k that 
Inserted in the gw main, a tight connection being made 
between flange IF and bushing V. The meter reading 
ia noted. At the acme time that the aample pipe k 
inaerted in the gaa main A, the time ia noted, and the 
rotary pump / started. The ipead k then ao regulated 
that the oil piston in the horiaontal pressure gage 8 
la maintained In equilibrium. Thk indicate* that die 
velocity in aperture B la exactly equal to the velocity in 
gaa main A, this condition having been determined by 
a measured amount of gw In gw main A, and the 
proper proportioning of aperture and eondnite in the 
sample pipe during the calibration tael*. Thla condi¬ 
tion la maintained for an definite length of time end 
the aample pipe k then withdrawn from gw main A. 
The meter reading, multiplied by the ratio of area of 
aperture B to area of gaa main A, gives the total amount 
of gaa packing through gw main A in the elapsed time. 
The difference between the dry weight of the filtering 


Fig*. 31 to 34 *w NfMdwed hew Mr. Diabl’e paper 
is showing approved types of oouatrnctkm. The test 
of Mr. Diehl'* eonoerw itself principally with operation 
and will be quoted in dealing with that subject 

In addition to the proeenwe eo cleariy deeartbed by Mr. 
Forbes, there are vtiioni other* designed to remove the 
duet from the gw In the dry state, but w thwe bare bed 
no cxtsnrive application for the blast furnace proses*, 
they may be omitted lure. 

Even rinoe the time of Mr. Forbes' paper thwe ha* 
been an extensive development In Europe of the Halber- 
ger^Beth process ef which there ere now almost thirty 

Imneerin*. American furnaeenteB have ban slow to 
take up thk proose* and have acted hi tide matter along 
the same line a* in many other oasts; where an 
require* esruful supervision or where Its mairifenaaac 
charge* an Ugh, operating eoonomke assured by ita 
use an disregarded. The some ha* beat true in regard 

kinds of apparatw. 



fig. If -E as U e a threw** tha *8 ru »>i n , s h « l rt ^ *w » fek m 'mii 

*to MHf Wat jmt+iSmBm 
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Fig II—Sect lea through Iim, ud mIM of pasriag gas through seals 
ud Nptntan. 


This attitude u one often oeneured not only My (or 
(■cun. Mat oho by Ammcans who do not oonndcr all 
the aspecta of mob problem* particularly the financial 
one The relative nbaepny* of capital ud supervision 
ud the cost tin am of tow materials In Kurop* u oon 
mated with the Ugh ooet of capital In Anscioa ud 
the low ooet of rnw material constitute m no imall 
maaonro a justification for the American attitude 
There fa reason to hope that a ptoeeae may *oon be 
developed aoperior to either the wet prooamea or bag 
111 tendon plant and tare conmlmatad and difficult of 
mamtananee I refer to the Cottrell procem for the 
eleotaoal precipitation of the duet by a high tendon 
direct current pearing through the gee column This 
prooeee hae beu developed to eompleta auoeeaa in several 


line* of lnduatry but It* iponaor* have hesitated to 
attack th* blast furnace problem on account of it* sue 
and the complexity of the condition* U Uu* price** 
Khali ever be worked out to a oommeroial suooess it 
will furnish ga* absolutely olean with no loss of tem 
pumture and with no increase in it* mnutur* Thaw 
■re the ideal condition* f r the use of furnace ga* tor 
oombuition purposes For tho ga* engine It muai in 
any event in pneent practice be ooolod about to at- 
mospheno temperature and this of oouree can easily 
be done after the ga* is removed by a direct spray 
Perhaps the tune might oven oome if hot okanod ga* 
were available that thega* engineoouldbe adapted to it* 
use and thereby further increase ita eoonomy 

In conclusion it may be said that it U impossible at 


the present time to write a history of gas c leaning 
The whole devel pmont of the s ihjeot in this country 
coven barely 10 years in all and nine-ten tbs of it has 
been in the last 7 or 8 yean The advantages have 
become manifest anl all f irruwom n have sought a 
way rather than (As way b clou the gas ud undoubted 
ly they were right in this course for tho plants Detailed 
early even though not the but word of perfietam in 
the subject will have pa d for th ma 1 es m bettered 
operating condition* before the much to-be-desired beat 
method u developed It * pound le therefore with this 
rapid development in progress to give only u outline 
of the snbjeot and U state br efly tho principles which 
unlcrly Itaaipb at n To 1 th t has been the attempt 
of the present arti le 



Matkcmfettca aad Artillery Science 
At a noeot meeting of the Mathmatlcal Association 
In London Sir George Orauhlll made a remarkable ad 
drees In which be brought oat strongly the relations cf 
srisooe to war and particularly emphasised the almost 
hopeless position of n country that la supinely content 
with the m tass of a century sga America might learn 
a useful taanon from the following abstract of the ad 
dntn derived from the London Times 
Hr a«inp» GreenhlU mid that lass than six months 
ago the unitary offiem would have said tbare was on 
such thing as aMthtesatke In artiltary sotaum. Bat 
that osttoak waa mw anetant history ThU was a 
nuthsmsdcal war Drawing upon hla aipertaoce sa a 
professes eg artillery theory for Inatancea whan scienos 
ootfd pMia Uastf gMfnl on seevtae, he explained bow 
paittmfeia e< tbe soaay s gnaa o—d he defaced frea 
m ita l h sC tfa man of n shea and photographic pic- 
tam ft— n fragmwit thay oonld determine whether 
a 4*D sua* trm one «l the 41—tm i ter howitasrs, 
the «*k t Mat*— of wpkh MDl appeared la doubt 
Deggag vrtth the —taffis* tor aaoertalnlng how far 
■tag ehetita sfaad from « ftp to avoid the flangm of 


twette yards hsMn* He 4 * ee attm e ter howttsm and so 
dlsarmstart cf t* Mag party taking 
ova* m to » mtm *Wf whw M* how— was 
Mil. Aniw I te ttm atthaMsayodtheoetKfariioaof 
to** wfato fee* tteteand **» mm that Ufa la the 
***** «**a* l*)M «* 4 , « wweid at kata be 
ta ita * *^ tt tVMH>aeAg*svM »4 only the floor 
MM to —e* 4 * «£r fla«t It had also to be 
—eerarlfan. 




I irtmei t no money was spared in recent equipment 
Including a bomb-proof ntuge available fw *rtiller} fire 
end yet In the heart of a big city There were i lenty 
of outdoor artillery range* also to visit, where I nut rue 
tlve work wss In progress The lerry system f edo 
cation was adopted In Berlin After a lecture on wire 
less telegraphy the class was set to work ss be saw In 
making the antenna which hid played such an lmpor 
tent part In tbs war Sixty officers were under lnstruc 
don at a time for a coarse of three years, and ha waa 
asaored their seal was sdmlnblc It was considered 
soch bad form not to give tbs best in return for the 
honor and glory of the Fatherland. Bat oar Regular 
was apathetic by comparison. We mast pat oar trust 
In the junior ranks to pash aid Apathy from his stwl 
and carry oa through this war 

Mouaaroi oomtiast a? Woolwich 
It waa a mournful contrast to revert to Woolwich, 
shabby and undisciplined There they had besn ei Icted 
(ram their proper boms, and were told to found a new 
artillery cottage with the choice of a cellar under some 
stables os a kitchen aad sanitary and bare walk in a 
Asserted hospital, there to organise victory end at no 
expense WUh the courage of an Austrian general com 
pel tad to maintain hts mtm eta - to e d lc g musket a match 
for the Pramten aceflls gm . the Military Director a» 
sored them that there was nothing superior to be found 
at Greenwich, in the Naval Osllsge there lodged In the 
old Palace. Such dismal, peaurtooa surrounding* had 
a dl— ***** sn tto gsntes lota, and they nevar 
reaHy re aovated from a dowahrertsd mdrit net estao- 
tatad for vtatosy Oar mffilaiy setaoes waa under the 
t&s at Tbwmh, Urn ofcstai gaotaa. Hie fuftUag method 
was — a amteh tar ffiadpUnad theory 
We raw ekeadr low tfc* rest had bore weti laid cot 

ra tm w «s m fwto mmm Tutoim i—*7. 

thdOmmfa jamttog *■ wtth a lead be waa able to kmp 


w f r flu fl IhI k 1 rticlo of the academy was em 
|l }od li It dlsoeiuli atloi of true theory and In the 
stlei tlflo direction of warlike prepantl n as at Kruppa 
Assuming evcrythli g f r tl e beet for the Allies end If 
we lived to go In again at Antwerj an intenwting 
match would be watched between our artillery science 
aid tho t ermsi to see low 1 ng It w aid take as to get 
the other side out compared with oar own ini Ings and 
the time we kei t our wicket ip No lent rei ge Are. he 
had been asaored was over going to be of any use 
again involving theoretical calculation The word waa 
Gallop op eloae to 400 yards and let them have It 

Ihe country was furious at the way our poor fellows 
were pounded mercilessly at the start by long range 
accurate bowtteer Are with no protection from o ir own 
side King George* stirring appeal Wake ui Rng 
land, was intercepted by our rulers, aid It tas tag 
land the onready again when oar set lor lethargy 
bun ped Into the titanic energy of tho German Kmi Ire 

Iifht, Power aad Irrigation La CahforaW 

Hvnao-aimcTBio plants have reached a high state o 
development ta California. At preseat there an 110 
rererv o ne with a storage oepacity estimated at 38fi 
780 000000 gallons and the plants served produce a 
mllbon horse-power in eleotno current which is used for 
light and for power not only for r unnin g oar bare hut in 
factories as well la many oasea the current has to be 
earned great distance* from the generating plants to 
the place whan it Is used and aa high as luO 000 volts 
are carried oa some of Urn lues One most useful feature 
that has been developed la planning some of the Call 
forma plants is the utilisation of the water after it hae 
done its work in producing elaetndty for irrigation 
aad where this eaanot be dm dlreetly it has In some 
ease* bare In—d finable to use elee t we power to pump 
—tar for bxtapdag what would otherwise be unpro- 
festive laaria. 
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Personal Biologic Examinations* 

The Condition of Adequate Medical and Scientific Conduct of Life 


iMNlkH, I|U> HlIK-llllllHt irtVCM IllH IMItflllC A thorough going’ 

in or lit retnilur interval)!; every lullltary orgmi Illation 
Iiiih ItH reviews uml lUHis-cttuus, every government Its 
budgets—Imleeili every tliiniiolnl linlr of tbe commercial 
lieud Ih noted, anil not n sparrow of the hnnter, Buo- 
iiuh. fnllH to the ground unnumbered: those that do 
not fall lire even more accurately numbered. Out It to 
not no cnurcrnlnK the one piece of mechanism that con¬ 
ditions all theao things, and tliat la the moat valuable 
of all earthly isMaensionn—the human body. For all 
practical couHlderatlnu a uian’a body la bla life, and yet 
civilisation liaa come ao far without any ayatematlsa- 
tlon of the hnalneHH und tncclutnlcM of ltn> entire single 
and personal life. The w-leni-o of Isnllly living In lls 
eoiii|ilete extent ntIII iiwnlla lla dlmiiverer. Niuuls-rlms 
phlhMophers I rent Ilia nf the conduct of life have non red 
In NiiiNirllelnl liicxiirliii-ss mid eiiay generality over the 
IiciuIn and Iiiiiikitn uf (lie liallvldiutl liver, but they 
have utterly fulled to fonuulnte tho physiologic mid 
IwtboloKle eiiiiilltlima of Kiiivm* and failure. All the 
lilobarle mill medical N|a-cliil wleuces luive struggled to- 
ward an iiiircnelieil unity: all are aliuplo raya, mi It 
were, nwHltlng the Iciih of a fisullslng InteUlgenee In 
Illumine the concrete linage of our total phyalcal ap- 
IH-arunee hero. War haa dovlwd a rough and crude 
ayatem of phyalcal examination!! for tho would-be aol- 
dler; Insurance compnulea have more accurately ex¬ 
amined the hodloa and llfe-proapecta of their pollcy- 
holdera to eatlmate their flnnnrlnl rlalw; through the 
nertlllou ayatem. criminology Inm atlll more [icrfectly 
fixed the aiiutoinle measuring of (ho laallea of the law- 
lireakara; the Amlieral anil Harvard exanilnntlona luive 
lisiked Into the muscular functions of a few students 
fur fiair yeara of llielr lives; tho iMyidiopliyale lulsim- 
tory haa menaured a fow neurologic ronrtliiiia; tho 
metllenl practitioner hna fiainil out n few any a of 
rencblng backward to the etiology of aonie single dla- 
eaaes: a few hundred aelimd children have been suh- 
Jeeted to wane teota no to growth mid tho Influence 
upon organisation nf inverty and wealth. Hut all thene, 
I believe, are sporadic and Ineffectual hints of a coming 
science of man, baaed upon a thorough-going and re|>e- 
tltlve §yah>m of phyalologle aud pathologic examination!! 
which will ultimately give ua n genuine and ull-eomprla- 
Ing aclenco of anthroiMilngy baaed upon all the data, 
morphologic, phyalologle, and pathugeu!c, of the entire 
Individual life. Prophecy mid prugnosla are lamed ii|kiii 
a thorough knowledge of Ihe |iaat and preaent fact, n 
rigid uiidoratHinlliig In a mdeatlflc nenae of the evolu¬ 
tion uf the orgaulHUi and of Itu preaent departures from 
a normal stamlanl. For hla children a formlghted iunn 
must wlah such au aeiiHiutlag, such a prophecy and prog- 
uosla; anil aa to hliiowlf every Intelligent adult, when 
ho awakens In scientific I’oiiNclouancaa, must try to look 
forwent through tlie yeara, and rcekiai up lilajanjerH 
and possibilities or life. Thla most linisnrtaut function 
of prevlalou luta heretofore lieeu left to tho gypaloa, the 
palmists, the aatruliiglatH, null the clairvoyants I Is It 
a wine way for arleinv to leave tlie Individual straggler, 
unconscious auil Ignorant of Ilia own Imdy and lbt fate¬ 
ful laws, Incapable of learning the acnttcrcd aud un- 
unlfled balt-scleucee blindly converging to aomo far-off 
unity of mutual helpfultieas and life? The crownlug 
work uf scientist* to to turn science Into prescience. 
Tlie unlfleatloii of the sciences dealing with the con¬ 
duct nf life; the making practical and useful our knowl¬ 
edge of the Individual organism; and lastly to establish 
A scientific prescience—such arc the Ideals of a living 
anthropology. 

la It not nt once plain that them Ideals can be realised 
only by a system of periodic examinations and records 
made every year or every live years, throughout the 
life of tlie individual organism I Such a system of 
records may be held generally to comprise the following 

1. The Hereditary Datum.—The endowment at birth, 
the Influence of heredity, must In every way govern 
and condition the development of the organism, and 
modify every reaction to environment It to wise, 
therefore, In all ways possible to fix, at the opening of 
life, wliat to this datnm of Inheritance. Nationality, an- 
ccatcal and genealoglc histories, cranio)ogy, cerebndogy, 
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etc., help to make up the estimate of this one factor. 

2. The JJewtopmmU and Hit tori !o Itccord.— Especially 
during Ute period of growth—childhood aud a d otrec o Dce 
—should the space between the annual or quinquennial 
Hyatemstlc examinations he historically epitomised. The 
strains, work, lllnen, and tasks conquered or Incom¬ 
plete, are surely a uecesuary part of the Ufe-chronlule. 

8. The Morpholoylo nr Antkmpnmctrie MeamineHon 
to Fundamental. —In this the UertlUon system, modi¬ 
fied, perfected, aud expanded, or something similar, 
should form tbe basis of each t system of physical 
measurements, descriptions, and records, statistic and 
graphic, that any future variation of the organism 
would be detected In later examinations; and thus 
would be preserved the morphologic picture of tho lndl- 
\ tiliml for tho whole life. 

i. The Pkytinloglc Km-urd would luciude Ihe Urttlng 
and tubulutloii of all Ihe slgiilllinut reaetlouu ami func¬ 
tions. Throe would la- inailo up of all ueceasury dyua- 
lulc tew la of the luuseular synteiu ; of statotuents of 
ai-euratcly observed metabolic aud nutritional func- 
tloua; the reaetlors and reflcxai of each of tho special 
senses, anil of thine of the neurologic and psycbophyslo 
Nyslema. The iirofound Influence of he lilts, both posi¬ 
tive and negative, Innocent or harmful, should also be 
remembered. 

G. The Ptychlc or Intellectual Datum to one too care¬ 
lessly Ignored lu seloutlflc and anthropologic studies. 
The fundamental qualities of character, disposition, 
memory, w-ntluieiit, religion, reasqii, morality, ednea- 
tlim, atr., are powerful intlucaees acting upon and react¬ 
ing to tho environment and to illNeano, and If they are 
left oul of tlie ixMltit a unwt vnliuible iletermlunut of 
Helen! IHc prescience Is lust. 

<L The J'alkuluyle Jtlcmrnt to uue heretofore oimuxt 
or utterly Ignored lu ulltliro|)ologlc studies, und lu In¬ 
structions us to the conduct nf life. The profession 
should urge Its profouud linioirtanee. The examina¬ 
tions at stated periods should Lu large part consist or 
the records of the IIrulings of expert medical specialists 
ms-urn) by all tlie arts and Instruments of diagnosis 
ul their command. All depariureH from health and uor- 
uiullty tliat Indicate pathologic results or tendencies 
In liny organ, nr In the organism aa a whole, are abso¬ 
lute conditions of esllmate aa to present powers or 
pronpects. One to almost Inclined to think that the 
savings In medicolegal cases, by such a system of ex¬ 
aminations, would defray the expensni uf making them. 
Home time ago a railway isiuipwiy, after several years 
of legal proceedings, was forced to pay a man |M,000 
damages for Intracranial hemorrhage said to have been 
caused by n fall from a car. When the man died there 
was found lu hi* brain a bullet which had been received 
25 years previously In tho Franco-Prussian war, and 
this had produced all tho nun-feigned symptoms for 
which the railway had to pay. J 

7. The Factor of Heredity cloees the ctrrie, with the 
IWRslblllty of making more accurate tile knowledge nr 
the tranamlNsloo of tho Individual endowment to tho 
eldlil. Successive generations are but tbe completion 
and extension of a single personality. Tho family to 
tha realisation of the Incomplete Individual. 

Leaving out of consideration the questions of tho 
onerousnem uf the task proposed, aud tho apparent 
Impossibility of carrying out ao many observations, one 
may ask as to the feasibility of keeping tbe records of 
such a series. Tho answer to this query points to the 
must remarkable plasticity .and adaptability of the mod¬ 
em plan of record-malting by the card system, with Its 
ever variable and extensible use of loose, leaflet* or 
cards of different colon, n ambers, ear-mark*, itoeo, 
etc. Photography, the kromoeop, the phonograph, tha 
instruments of the physiologic sad psychophysic labora¬ 
tories, and those of every specialist In medtdne, make 
It easily possible to condense the chronicles of all testa 
and examinations hi an Inexpensive and effective way. 
The post-mortem records, end the preservation of the 
brains, and, perhaps, of the skulls of tbe subjects, would 
supplement tbe work. 

Am has been intimated, we already have the begin¬ 
nings the sporadic attempts, and detached parts of such 
a system of cxsmlaatlnna. Tbe BertlHae criminal rec¬ 
ords of tbe police bureaus, the anthropometric data of 
military examinations, the remits of athletic and gym¬ 
nasium torts, those of paydraphyrie laboratories, tbe 
medical examination* of school children, and thorn aape- 
dally of life insurance compaBtoe, eto—an thaw tail- 
rate the thraight, labor and e xpense which etvUtafittoa 


to giving to the problem. But the mast lmp ort s at of 
all contributions might ba the case-hooka, hospital rec¬ 
ord*, and patients' histories of physicians. Hardly a 
tithe of the preclou* material, however, to utilised. Tbe 
waste of biologic data—wasted because not systematised 
and unified—In the last records of physicians to appal¬ 
ling. Tbe most valuable books la tha world ora the 
ddoit city directories, scientific statistic records, etc., 
and more valuable otiU would lu future years be tbe 
preaent day caw books of setontifle phytldam. If they 
were well kept and illuminated by statistical and acton- 
title Judgment We now dump them Into the polp-mlll. 

It It a foolish dream, to It an unrealtoable Ideal, that 
all thaw things might be prtsterved, and rendered of 
uue to Kclcnce and humanity by some Institution carried 
!•» by the Uovernment, by a university, or by a onion 
uf scientific and medical men, whereby the record* uf 
Individual live* might be made so frequently, so con¬ 
tinuously, aud so scientifically that we should at least 
gather tbe Inductive data for a genuine science of an¬ 
thropology, pathology, and ethical biology T If gevwrn- 
menta could be prevailed upon to devote to this work 
one tenth the money now squandered In war; If legis¬ 
lators could be prevailed upon to give to It a smell pro¬ 
portion uf their stealings aud political plunderings; If 
a fraction of tbe money poured Into tbe pockets of 
the ward and city baoees coaid be got; If a small per¬ 
centage of that spent on comic opera cpuld be ahnntod 
this way) If these are Idle dreaming* Is It not perfect¬ 
ly pomible that In future ages some wise legislator of 
Homo civilised government may convince hla fellows that 
not only to tills the doty of Lbe national administration, 
but tliat the very beginnings of the ayatem are already 
In operatlou In the national census-taking? In this the 
mechanism to really Inaugurated, and needs hut the fu¬ 
el union of the civil service examination, the soldiers' 
entrance testa, end tlie governmental pensioners' medi¬ 
cal examinations, to bring It a long way toward perfec¬ 
tion. With the plan once determined upon, and the 
brain once found to gather tho haphaxard and dtocrete 
parts to an organic unity, bnt little additional expense 
would be Incurred over that now spout in the separate 
systems. Indeed, the scheme Itself Is only on extended 
and a perfected barren of vital statistics. Once inch 
co-operation were started, the city and State with their 
crimlnologlc statistics, the Insurance companies with 
their accurate vital and pathologic records, and espe¬ 
cially the medlcgl profession with Its systematised rec¬ 
ords of Individual and social morbidity, and many other 
agencies, would he drawn Into oo-ope ration, and the 
bases of a truly Inductive and physiologic science of 
civilisation would begin to be laid. 

While we wait fur that millennial palace of science 
we physicians need not be Idle—nay, we may be at 
work In the quarries. Our flrst duty to to reorganise, 
systematise, and make scientific our csse-hooki and 
recordings of patients' histories. Let ns study this 
great sad neglected art so that these meet precious 
fruits of our life work shall not end In the pulp mill. 
The lack of literary workmanship In making snd ksep- 
l"g oar records of disease to altogether deplorable. 
What to left to science of the Ufe work of a million 
physicians whose business has been with tbe most prod- 
oos biologic facts of tbe world? Qua we not perfect 
some bridge whereby the results of our Ufe labors can 
be carried over tbe stream of death and become the 
property of federal biologic and pathologic science? 

Surely then, our second duty to to our setonea 
prescient, by means of tha repeated examination it 
stated Intervals of those petiecta whom we can ooo- 
rince of toe cecesalty and wtodoa of such a pro- 
ceedlng. it to a shame of mediejna that to the 
one department of oak science which we are moat 
foolishly Inclined to look down on wlfb too much super- 
, cUloueness, Its practitioners bare outrun an. nig dont- 
tots here long reoogelaed the need of periodic oxamtoa- 
tiooe of tte mctol organ, regardtore of symptom*, and 
they hare fit (eat driven the knowledge into tog -<"■?« 

teeth periodically enabled tor begtontog SSs**** 
diseases or to prevent them. If toto be wtag as regu* 
the teeth*.Bow taflnitaiy wiser,It woald be u regfird* 
the khtoey* the'ey-, the lmuit, trterigi, etc" fioTtbe - 
person a* s whale.. It to the ehama of madtotoe sad tha 
huto of quackery, this pstttn treating end tymptm 
kmta* What • horrfUa fhefi—toto off thkvagugif tha 
ptto dondgoorel Jfffllreo uf doBare are to 

tot taring* ggi half or tone fcgrtfe of m Worit of 
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oar hum K derated to the sure stewing « deadening 
of symptoms. Bet, ee we ell know, true medicine U to 
stop the enact rf symptoms, to prevent the symptom* 
final ever arlnln*. For many yean In my specialty, 1 
imtc kmb baalnff that hi^rmiai ocnUr in mlnitto M 
trouble," renerd.ee* 
of "perfect satisfaction.” Absence of symptom la no 
•vUtanoe whetever of ebeeoce of disease. No eye should 
ever be left over two year* without re- ax c mln itl o c. No 
spactadat can remain correct two jean, becauae no 
Oft ever preeervee the came refraction, balance, ami 
powera, tor that period of time. 

And What food alio la the enucleated eyeball, or any 
piece of dead tlaaue, In the hand* of the pathologist? 
Certainly only to prevent other living eyea and orpiiM 
from becoming aa them dead ooee hare. True path¬ 
ology Is cutely knowledge of the disease in the making. 
The pathologist's final problem la to prevent pathologic 
specimens from ever coming Into bla bands. Qua path¬ 
ologist be most commit scientific suicide. Most of our 
fashionable pathology Is the paleontology, not tlw bi¬ 
ology, of dlsoass; bat was It not said of old, Uut It Is 
better to be a living dog than a dead lion? How U 
dlaoaae in the ever to be discovered except by 

examine tinea, continuous observation, of the living 
suppanably-well organism? 

Is It not even true of living disease that one half the 
patients seen by the doctor arc seen far too late? 
For paresis, locomotor ataxia, etc., and for many psychic 
diseases we do nothing, becauae we recognise their 
existence so late that nothing can be done. Usd they 
been seen earlier injury could have been prevented. 
Surely In mure than 1» per cent of my patient* many 
years or whole lifetimes of suffering and disease coaid 
have been obviated. It is doubtless true In general 
medicine. All good medicine Inevitably tends to become 
preventive medicine; all good physicians labor to stop 
disease before It arrives. The whole Ingenuity of the 
trained diagnostician la now expended on the problem 
of the earlier symptom. He Is the greatest discoverer 
who finds the presymptom, or the symptom of the symp¬ 
tom; the greatest therapeutist Is be who cures before 
the disease exists, he who starves the bacillus to death, 
he who steps the evil habit, thus preventing the mal¬ 
function that becomes organic disease. The beet cat is 
the one that kills the rut that eats the malt that lies lit 
the 1 loose that Jack built It Is a truism that gout 
exists In the patient’s system lung before It causes a 
twinge of pain; the kidneys are ruined before tbe 
slightest subjective system is manifest; there may be 
heart changes Indicating the existence of nephritis, 
which a single uranalysls may not detect; arterioscler¬ 
osis may be present prior to subjective symptoms, and 
the objective examination would detect It; there may 
be uninspected diabetes without symptoms until ex¬ 
amination of the urine reveals It—even with our crude 
prescience early uranalysls of the apparently wefi would 
often reveal the hidden evil at work sapping and min¬ 
ing toward the vital centers. Every oculist has often 
discovered albuminuria before the general physician 
suspected It There are a hundred known Intimations 
and auras of oncoming disease, but there are a thou¬ 
sand undiscovered ones, presymptoma, advance scouts 
end forerunners, to be learned when the slight and un¬ 
conscious d ep a rture s from normality are studied by 
examinations of the supposedly well. Pathogenesis, not 
therepeotlca. Is the ultimate stud; of all medicine. And 
an pathogenesis Is by no means running bugs to their 
boles: the greater number of life wasting diseases are 
not bacterial In origin; and even tbe growth of the 
bacterial diseases depends on tbe soil In which they 

I filature to myself a new field of work opening out 
before the poor plundered general practitioner. It must 
often seem to him that as a general he has been stripped 
of both army and enemy. One by one the specialists 
have robbed him until he has left hardly a soldier 
or a patient. Tbs surgeon first took almost half of Us 
array, sad now threatens to relieve him iff Colonels Ap- 
gag Typhoid, and heaven knows of how many 
■oca s dVwya which ha formerly considered his very 
own. Then the aurist, tbe oculist, and the rtdnologlst 
deprived ym at Us vedal acuta, and the laryngologtet 
rend e re d Urn aphonia U the obstetrician and gyneoolo- 
gtet left Um cm or. two of all Ua women folk, the rest 
ear* man and the ncarotoglit soon alienated the affec¬ 
tions of three hysterica and thay lived unhappily ever 


m teat* terete to. be that of an the specialist* the 
awnrip’-haa Dm te n u re d Into the namwret ape- 
riak^ufl* carmen Is greapteg eridly at Us one re 

samsBuxjsazit: 

■ w-F-tete-tepa* % CM pa* adreriteamrete to the re¬ 


Ugloas and dally newspaper* aa: “A now operation 
for neurasthenia; craniotomy for unselfish new; preven¬ 
tive inoculations In case of threatened breach of prom¬ 
ise ; vaccinations for antirivlseuUonlste; damaged heart- 
rslves surgically repaired while you wait; kidneys 
transplanted Immediately following the next electro¬ 
cution ; complete maturation of the artificially fcrtlllxoil 
ovum In our new twenty-first century Incubator." 

The family physician’s function seems to be fait be¬ 
coming that of advlser-bi-uenorsl awl roferrer-to-otbors; 
the "lost straw” Is tbttt ethics will not permit these 
othors to divide their fees with him. Nothing in face 
Is left to Um except to bare permanent anorexia and 
to move to a climate hi which litutse end clothing ere 
not necessary—Porto Klco and the Philippines, for ex¬ 
ample—providentially supplied, without doubt, for litis 
awl similar tariff purposes. 

Hut seriously, have wo not gone loo far with our spe¬ 
cialism, and are wo not thereby In danger of toeing 
the co-ordinating sense and oversight of the organism 
hn a whole? The specialist caunot be dispensed with. 
Ity hi* aid sad through his accuracy medicine must 
progress; but neither should the generalist lie *<iucescd 
aside. He Is even more necessary. It Is Ills dnty to 
leach his under officers, the specialists, their proper 
places, and by Us sane and large grasp of all the facts 
supplied by these subalterns, by his co-ordination of 
Urn work of each and of all with his own overlook of 
organism and life as a whole, he brings cosmos out of 
chaos, and organic unity out of hundred-eyed and sel¬ 
fish diversity. The specialist Is fatally Inclined to treat 
the disease; to the general bit must be left the far more 
Important treatment of tlw patient. 

It may seem hard and Impertinent to say to an audi¬ 
ence of general bits that the generalists bjive lavn robbed 
Itccause of their own fault and negligence. The so-called 
stealings of the specialists are In reality helpful and 
If rightly understood they leave the generalist hts prop¬ 
er work. Ufc, It has been said, la made up of little 
tilings; snd yet life Itself Is not a little thing. Ho It Is 
with health, fullness of years, and utlUiatlon nr isiwers; 
they all depend, medically nud physiologically, upon 
llttlo things, and yet eoinpuettely they are "the great 
e*t tiling In tbo world." In the vogue of the s|xvlnllst, 
tbe generalist Is more thin ever needed. IT the aristo¬ 
crats have usurped power, there Is the cluincn and de¬ 
mand for a powerful king. Tbo specialist* are, or msy 
be mode, the assistant* of the general physician, who 
needs their help snd all the data they can supply, and 
whose supreme function It Is to fuse the whole to a 
higher unity and tn establish the secret relations in 
reality existing In all. There Is no specialist who I* 
not willing and glad to make fall and systematic re¬ 
ports to the general physician of all hi* findings. It is 
his duty to the patient and It Is the specialist's self- 
interest to do It welL He Is not so stupid us to offend 
the roferrer of patlonta. In this fundlou the generalist 
has the whip-hand- -and be should use It, at tlmi*s. 

And thus It baiipcns (list the desirable system of per¬ 
sonal biologic tests sketched mud not HWHlt tbe action 
of government, the university deimriraent, the city or 
State Institute, the union of anthropologic societies, or 
the anthropometric and pathologic Institution founded 
by private endowment. I.et us earnestly pray and 
work for auy or all these things; but In the meantime 
much may be done by medical men and societies lu pre¬ 
pare for the larger and more perfect outworking of tlw 
scheme—nay much may be done toward the realisation 
of Its more distinctively medical features. 

nosed upon the fact actually fell by every physician, 
that n series of systematlied periodic examinations of 
patients apparently well would often reveal beginning 
diseases, prevent future Illnesses and Increase the vital 
valued' of life, evory one can prevail upon certain pa¬ 
tients, students or members of bla family, to undergo 
the necessary toots. Tbo more Intellectual and well-to- 
do eitlsons will soon realise the self-evident value of 
such work, and not only submit to It for ihemselveH 
and children, but will be willing to pay on annual fee 
for tbe service. Specialists will be willing to contribute 
their results. Hie examinations need be only of the 
mors fundamental and simple factors at first until the 
good-will, machinery, funds, and recognition of the 
significance and usefulne* of the work grow. 

In several ways these examinations themselves are 
the means of a striking self-education of the physician: 

L In systematising and perfecting a method of rec¬ 
ord-keeping than it s subjectively psychologic ss well 
as an objectively tdentifle result of Inestimable good. 
It Is a sort of liberal education. To adapt and perfect 
the card system to this rueful end ; to summarise the 
retails of sU diagnostic methods; to formulate prog¬ 
noses; to daastfy and epitomise so that tbe whole shall 
look to the personal advantage, aa well as toward the 
pr ogress of preventive medicine; and finally, to dove- 
tell the combined result Into ganeral Wotoiric science 
snd to clarify the laws of heredity; all of this Is labor 


worthy of the wisest selfishness and tbe beet Intellec¬ 
tuality, 

& In rendering accurate and mathematical all tbe 
known sod recogidxed method* of medical tastings, 
there Is much to he learned. It is lu catching sight of 
the forerunning Indication of disease, tbu symptom of 
the symptom, the fuuctionHl lieglnnlngs of organic ab- 
niirniHlIsm, that a great deal of progress lies. Who, 
o. S; as yet measures the blow or stimulus In taking 
the patellar tendon and other reflexes, with machine- 
shop a'vuracy, also the resultant excursion or reaction, 
chronicling same In his notes, with absolute or niiproxl- 
utate precision? 

:t. lu the excursion* Into the bonier land, but still 
closely related, domains of eerebrology, craulology, 
psychophysics, criminology, sociology, public hygiene, 
and all (he rest—lu learning to make these tests, and 
chronicle tbe resulta required In these studies, one 
enlarges the range of his subjects, broadens his iieraonal 
and scientific outlook. In u word annexes with Juotlfl- 
nble Imperialism and expansion, the adjacent territories 
of bis special science Kaeh gives Ilia light, and, us lu 
nil beneficence, by giving, each Increases his own ns well 
us tbo gonernl Illumination The stars go out but the 
day dawns. 


Cultivation of living Tissues Outside the Body* 

Tils slory of the cultivation of tissues outside of the 
living tsxly bus ulreudy lost much of II* novelty. 
Though we cull still easily count the time lu terms of 
liionlliH rather Hum years, since Lhn first demonstra¬ 
tion of the development In vllro of Isolated fragments 
umde up of connective tissue eells, tlin fact has I men 
entnbllNhcd so conclusively and the technic developed 
so successfully that tbu cultivation of tissues In this 
way him already become u familiar practice In many 
iHlsinitorlcs. It la sometimes suld Unit fimilllnrlty 
breeds contempt; but 11 may Isv wholesome at times lo 
renew our ncijuainlaneu with Ills details of well-known 
scientific procedures and learn their present status. 
This 1* particularly desirable In the case of those ]»t 
sons who little realise tlu* perslaterov and energy, tbe 
liaUcncc and forethought, which mny of the permanent 
acquisitions of science demand on the part of lnvcstl- 
Kstors. We who share the results all too frequently 
fall to niiilerstaiiil the laborious process by wldch sue- 
on* Is attained. In this field the advice (Sice giver 
to mi ambitious mcdlcnl student nmy be reiterated: 
"Nui-cchm Is neither luck Her pull, lull tile longest, lisigli- 
ret Job you ever tinkled." 

Not long ago Carrel’ of the ltnekcfuller Institute 
for Medical Research culled slleuLlon to the condition 
of a strain of connective tissue kept oiltsldo of the 
orKiiulsm lu h condition of is-nnuncnt life. It was 
derived originally from n piece or heart extirpated 
from a chick embryo. The fragment pulsated for 104 
days, and gave rise lo ii large number of connective 
tissue cells which have since multiplied uctlvely. Tbe 
strain, after having undergone ;I0S passages, reached 
the twenty-ninth luoutii of Its life In vitro some time 
ago. It now appears lliat the proliferating power has 
In no wise diminished. Daring tile third year of Inde¬ 
pendent Ufc of the ounueellvo tissue we are confronted 
with the remarkable fiu-t that It shows greater activity 
than ul the beginning of tbnt [period, and Is no longer 
subject to tlw Influence of time. Carrel remarks that 
If we exclude accidents, connective tissue cells, like 
eolimles of Infusoria, mny proliferate Indefinitely. 

In this connection u is Interesting to note Borne recent 
results for human tissues reported from the same labor¬ 
atory. It has been possible, for example, to keep 
human fetal tissue, derived from fresh cadavers. In 
n condition of Independent life for Bovcral generation*.-' 
This has led to the attempt to cultivate huumii snnsima- 
tous tissue In the same manner. 'The first essay In the 
direction of growing human malignant tumor In vitro 
was made In 1011 by Currol and Burrows.’ The tis¬ 
sues were keid In a condition of survival for s few days, 
but uo real cultures were obtained. Ismcc and Kbcllng’ 
have now succeeded In keeping cultures of such tissue 
In a condUltst of active life In vitro for several genera¬ 
tions. Their method may, therefore, prove of value In 
tbe study of tbe growth of human malignant luninr. 

■ From tbs Journal of the American Htxllcsl AxHiwbiUon 

■ Crmt Alsxli: frownt Condition of ■ Strain of Connortlre 
Tissue Twenty-eight Months Old, Jour. Super. Met., 11114, 
xx, 1; sm also Jour. Knur. Hod., 1012, xv, BIO. KUellag, A.: 
JMd., 1013, xvll, 273. Carrel, Altai*. /Wd., 1013, xvtll, 2*7. 

1 Loom, J. H-. sad Rbetlna, A. II.; Jour. Super. Ha!., 1014, 
Ill, 503. 

•Carrel, Alwda, and Borrows, M. T.; Jour. Super. Uod, 
1011, xlli, 307. 

«Lots*, J. K., and Bbsllog, A. H.: Ths Cultlvstloa of Usman 
Bsrcomstota Tlatis in vitro. Jour. Super. Mod., 1014, », 140. 
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The fnll-sised experimental flying-boat with hollow V-shaped hull, at Waahlngtoo Navy Yard. 


Experiments With Flying Boat Holla 

By Carl Hawca Bataan' 1 

Tna flnt re)K>rt of the sub-oommlttoo on hydrome¬ 
chanics in relation to aeronautics jiut published by the 
Langley Aerodynamical laboratory of the Smithsonian 
Inatitution, deal* with the results of a Kerin* of experi¬ 
ment* with flying boat hulls. The experiment* were 
conducted at tho Model Basin In tho Washington navy 


aeroplane hull*. This model apjwiar* to have certain 
advantages over tho type* now In use, possessing leg* 
rosi*tanoe on tho surface of tho water, and lea head 
resistance in the air under similar condition*. 

- The model hull* used in tho experiment ware of the 
ventilated step typo, one-ninth actual she, except one 
a quarter-slsc model of the original “Curtiss" pontoon, 
Plots of the model run* were made by tho investigators. 



yard under the direction of Naval Constructor H 0. 
Kichardson, for the purpose of duterndnlng the resistance 
of several models at “displacement* corresponding to 
speed*,” on tho water, and the resistance* “submerged," 
as a mean* of approximating their total head resistances 
in air, and of determining an approximate “ coefficient 
of Dimness of form." 

The experiments proved particularly gueeenfuL A 
form of improved hull ha* been derived which will 
pruliably suiieraode tho present type of naval hydro¬ 
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showing: not real*lanee, derived effective horse-power, 
and change of level. The resistance curves were de¬ 
termined by touring the model* in the basin at "displaoo- 
ment* corresponding to speed*," with a set trim, but free 
to rise or rail under the influence of motion or planing 
The change of level curve* show how the planing offoct 
changes the draft at each condition. The models wore 
towed under condition* representing a full load of 2,200 
pounds, with the assumption that the get-away occurs 
at a speed of 4T> miles per hour From the curves it la 
ohvlou* that suction Is present at low speods, suooended 
by a condition in which the model runs hard, followed 
by a period during whloh tho model begins to plane; 
just before planing is offooted, the slope of the curve 
lessens rapidly, and when planing la established the 
resistance falls off sharply with one exception, 

A model was designed to oblvate the defects of the 
flat scow-bow type, by introducing the V type bottom 



for parting tha water rathar than foraing it add*. An 
earlier modal of tha V type enssd a gnat amount of 
spray, and to overcome this tha V motion was mada full 
but aa this only I n creased tha speay, tha V Motions wan 
mada hollow which brought about tha datirad remit*: 
holding tha spray down, increasing tha planing affect, 
and reducing the resistance 

Confirmation of the behavior of the models has bora 
rairiy well established by tha aotual perfonnaooe 0( full 
sited machines Aotual experiment* with a full abed 
machine show that the improved hollowed V aaotion 
hull is very desirable on account of the good landing 
qualities. 

From the experiments carried on It has bean de¬ 
termined that the step should be close to the center of 
gravity, to eliminate the nosing tendency, to facilitate 
change of trim while planing and to avoid a change of 
balance when getting away or landing) hollow V section* 
decrease tha (pray, cut tha water easier and cleaner, 
plane better, and reduce the shook of landing or running 
through rough water, practically eliminating tha naeea- 
sity of shook absorbers. A shallow step seems to be 
sufficient, but ventilation back of the step la essential 
to facilitate the breaking of suction effect*. The bottom 
forward of tbn step should be Inolined to the axis of the 
machine but not so greatly as to cause the machine to 
plane before the controls are effeotive. The bottom abaft 
the ttop should rise strongly to favor a steepening of tha 
planing bow before the elimination of suction, and to got 
the tall well clear when planing begins. 

Diagrams were also made to show the logarithmic 
plots of the models when submerged one fool and towed 
at speeds up to 1ft knots. From these plots It la seen 
that the reditan oo* of tho modols closely approximate 
the law of the square of tho speods. The head resistances 
of the full sized machine* were calculated by three 
methods, and vary about 20 per cent. Several other 
useful values worked out mathematioally. 

Plana are under way for further experiments on sub¬ 
merged models to determine the stream Une flow about 
the modols, as a mean* of arriving at Improvements In 
form, as well aa to calculate the effects of oockplt open¬ 
ings, sponsons, etc., and to study the torque at dif¬ 
ferent angles. 


Wheatstone Bridge for ReaisUnce Thermometry 

Trkbx has just been Issued by the Bureau of Stand¬ 
ards of the Department of Commerce a paper describ¬ 
ing a 'Wheatstone bridge designed with especial ref¬ 
erence to flexibility of use In measurements with 
resistance thermometers and dlscuesliic the use thereof. 
The bridge Is adapted to use with either the Hl*m*ma 
type or Callender type of resistance thermometer or 
with the potential terminal type of thermometer by the 
use of the Thomson doable bridge method. The Instru¬ 
ment Is also arranged so that It may be completely 
self-calibrated 

The accuracy attainable with the bridge to such that 
resistances of one ohm or more can be measured to an 
accuracy of on* part in 300,000 In terms of the unit In 
which the calibration is expressed This corresponds 
to an accuracy of about (X001 degree for measurements 
with the platinum resistance thermometer. Low rodat- 
anoes, the accnrncy of measurement of which to limited 
by variations In contact resistances, may be measured 
to shout three millionths of an ohm. This figure, rather 
than the one given above for accuracy, represents the 
precision attainable In measuring small changes of re¬ 
sistance, such as are usual in reatotence thermometry. 



Plan views of live urisk 


Spray made by a medal at U mltoa per hettr. 
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Snag Boats on Flood Rivers 

A Safeguard to Navigation 


By Day Allen Willey 


Mart of the so-oalled flood river* In the South And 
Weat, flow through channel* where the bottom and ride* 
are merely of earth and *and, and when a river U in flood 
the current washes out the banka, uauaing woodland, 
prairie aoll, and other formation to bo aubmurged, and, 
in tome inataneea the surface of the land, to tho depth 
of aeveral feet la carried down stream by the current In 
tho form of liquid mud. 

Such river* aa the Mississippi, the Arkannw and the 
Red River run through swamp lands in some locations 
which are oovered with tnwe and bushes. Tn high water 
trees are often uprooted and float down with the current. 
When tho flood recedes, the trees may be hold in the 
stream channel, the root* linking into the bottom and 
remaining in such a position that they form dangerous 
obstacles to navigation. Often the upper end is hut a 
few feet below the surfaoe. and a vessel moving in line 
with it may be pierced through 1U hull and sunk aa the 
pilot 1* unaware of the “snag." 

Where three washed-out trees projoot above the water, 
they are almost aa dangerous a* tho sunken snsgs.asthoy 
are often in eddies and cross current* in the channel 
whore a steamboat may be wrecked against them. 

The War Department has adopted several methods 
to free these navigable rivers of snags. An Idea which 
has recently boon adopted is to boro holes in tho wood, 
Insert dynamite cartridges, and thus shatter them to 
pisore. The most effective plan, howevar. Is to pull 
them out of the water and saw them up, sometimes 


using the pieces for find for heating the furnace* of 
the boats which pull thorn out by steam. 

These snug l>nat* were the idea of one of tho army 
engineers, and Hie first was built about II) yean ago for 
service on the Mississippi river. Hinoe then the Isiata 
have been enlarged, equipped with more powerful lifting 
derricks, opera Led by a steam engine which is indepen¬ 
dent of the one whieh propel* the boot. 

One of tho latest type* of thoeo floating snag pullers 
1* stationed on tho Mississippi rivor. It draws less than 
4 feet of water, and consequently can be operated on 
shoals and in other shallow spots. Two engines of a 
combined capacity of 600 borse-poyrer furnish motive 
power, giving a speed ranging between 6 mile* and 0 
mile* an hour upstream against a strong current. 

The double bow* are separated by what is termed a 
well whieh is 12 feet in width, each bow being 66 foot 
in length. At tho forward end what is termed a “butting 
lieam' 1 oxtends from bow to bow. This is a heavy steel 
beam 22 feet in longth, 7 foot wide, snd no less than 16 
inches think, greatly strengthening the framework of 
the boat. As the name implies it Is used to ram or hutt 
a snag when Decennary to dislodge It from the bottom 
before pulling It out of the water. 

Attaohed to this beam is a swoop oliaiu which drags 
beneath the water and is deuignod to grip the lower 
portion of the snag and aid in lifting it to the surface, 
This chain is lowered over the bows by a capstan plaood 
at one end, and raised In thu same manner. Its purpose 


Is principally to lift tho upper end of the snag high enough 
to permit the butting beam living pushed under it. 

Upon tho bows are the lifting durrioks, one being 
utilisod to pull out small snags after they have been 
loosened by tho sweep chain and butting beam. Those 
on the sidre are intended to pull up obstructions which 
nan lie readily removed by means of block and tackle. 

On the boat tho crew Includes a diver whose duty it is 
to go under water wlien ncoosaary to fasten the ohaln 
around the trunk, or to bore holes in the wood for the 
dynamite cartridge and connect its detonator with tho 
wire that extends to the eleclrio keyboard on the boat. 

Another large snag boat is in use on the Mississippi 
and tributary waters whieh is 187 feet in length, 62 feet 
boom over tho hull, and can operate in water 3)4 feet 
In depth. It is also constructed with a hull of steel and 
iron, and driven by two oscillating engines, steam being 
furnished by five 42-inch boilers giving It a total homo- 
power of about 600. The snagging apparatus consist* 
of two pain of friction capstans placed in the forward 
hold and six capstans installed on the deck. 

The “Huter” carries a hutting beam of oak plated with 
iron, also a series of live iron shear leg* in addition to 
supporting bloaks and tackle, a Sampson chain of 2)4- 
inoli links, and a sweep chain. 

Such is the capacity of them snag pullers for removing 
the obstructions u> navigation that by tho service of this 
Hoot one of tho greatest dangers to steamers and barges 
plying on the flood rivers, ha* been largely abolished. 


Dtau<* Dangerous at Different Periods of Life 

Mock has been said of late concerning preventable 
fli****** mgj methods of reducing the annual rate of 
mortality. The tint oneotUl of any such schemes Is 
a carefully prepared summary of the causes of death 
In a particular country during a specified period, snd n 
statement of the aas and sea of those dying within 
this term of years. Tor some twenty years the Gorman 
Empire has published statistical tables of all officially 
reported causes of death. These have always boon 
divided Into periods of life snd of late years have dis¬ 
tinguished sear. They do not, however, cover the entire 
population, for the participation of the different states 
of the Mnplrs ls voluntary; but there has been a grad¬ 
ual Increase until four years ago 0M6 per cent of the 
Inhabitants of the ampin went Included to these digests. 
An interesting analysis of the main canoe* of death at 
dtffertmt periods of Ilfs, as shown by these tables, In 
made by Dr. 0. Bahia In a recent number of the Ger- 
wui Journal UfHMkiff. 

apeak** of Infants under one yeer of age he states 
that In tbs decide ISW-lBOa the deaths among such 
Infants averaged, daring a calendar year, about 20 to 
22 of aaA 100 ben stive, and Is the five year* 1006- 
ltt» only 17 to 18 ef each 100. Of tote years tbout 
chtidrsc «t tnadbUy to Germany, 882,000 of 
them dying of known atom Vor mare than cot third 
of tth* dying of known os uses within the first yetr 
tim tadlpatsd ailment le strafe gastroenteritis or 
dhtflWfc - thfaapgM," Oat M, the Oasts trots from un- 
diflMttv* nourisfaeot Tat about om 
seventh ImggriMT' wsahatn • hi m atatad cause of 


dBnth, which occurred generally In the first month of 
life. Other fatal maladies noticeable for Uiolr frequency 
among Infants less than n year old were Inflammation 
of the lungs, to which JIB of each 1,000 dying hiic- 
cumbed, and wlnsiptoK-uiugh from which gliout K0 of 
each 1,000 death* Rroee. Tuberculosis, measles, nml 
scarlet fover, taken together, earriod off lee* than 1 
In each 100 deaths of young Infants, that Is, less than 
whooping-cough alone. 

Tot tlie period of childhood from the beginning of 
tho socood year to the end of the fifteenth year Dr. 
Rahts finds, In his examination of the tables, that the 
annual average of deaths was about 111 to 112 per 1,000 
living; the annual average daring the five year# 1006- 
1010, from which the figures are mainly drawn, was 
about 140,000 children, of whom ft^OO died of unknown 
causes. The mast Important causes of death given far 
this age per 1,000 children who died are: Pneumonia, 
147; other disease* of the respiratory system, 66; 
tuberculoala, 106; diphtheria (Including croup), 92; 
scarlet fever, 64; measles, 54; whooping, cough, 88; 
diseases of tbs digestive tract (Including appendicitis 
snd Its consequences), 110; accidents, 46. 

In dlacumlDg the statistics Inst given, Dr. Rahts says: 
“According to this In the period from 1 to IS years life 
Is threatened to s large degree by four widely spread, 
easily conveyed diseases of childhood, diphtheria, 
measles, scarlet fever, and whooping-cough, for these 
four disease* together cause the death of almost the 
fourth part, 22 per cent exactly, of til who suocumb In 
this period of life. After these, pooumocU, or some 
other dbeoaa of the rmplntoiy system, is tadgnated 


ng tho cause of death for fully one fifth, 21.2 per cent 
of all who die from known causes, sod tuberculosis 
aa tho cause for fully one tenth. DIhcshc of the diges¬ 
tive tract, Including appendicitis, was a somewhat more 
frequent cause of death than tnlM-reulosis. Lastly, the 
large number of fatal nerldent* at tills age Is noticeable, 
for about 1 of every 22 chhch whs attributed to ‘death 
by accident’" 

According to these tables, tulierculosls of the lungs 
carried off the greater nnmls-r of those who died In 
the period between 16 nml 30 years of age. Daring 
the years 1906-1B10 the deaths from this disease were 
463 per 1,000 deaths from known muses among women 
and 376 per 1,000 deaths among men. Other forms of 
tuberculoala In addition nre given ns the cause of 
death for a farther 35 is>r 1,000 deaths. Among fhoso 
from 15 to 90 years old other forms of disease, as com¬ 
pared with tubereuhsds, are much less frequently the 
cause of death. Among every 1,000 moles (females) 
wbo died from known causes at this period of life 
there were; 66 (77) deaths from disease* of the heart 
or of the blood-veasel*; 61 (46) from pneumonia; 33 
(37) from other diseases of the respiratory system; 61 
(64) from diseases of tho digestive tract, including 
appendicitis. 

lu continuing hi* analysis Dr. Bahts soya further: 
"Besides the disease* mentioned, ■ very frequent cause 
of death In this period of life Is an Injury, especially 
among males. Of each 1,000 case* of death among 
male* no Ism than 128 resulted from accidents and (IT 
from suicide, that Is, almost 1 In 6 arose from some 
form of violence. Among females from IS to 30 years 
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of age accidents which resulted fatally and suletde and for about S of every 83 males. The Ursa number ilia par oaot of all inch —to* ©stride (tea ife. 

wore niui'ii lean frequent, only about 1 death to 22 or of suicides and fatal accident* in the ate from 80 to turn life at thif advanced ago la mainly thnatimed by 

23 Im*i njr caused among female* by euch violence. In 00 la likewise very striking; for of all the causes of oarebral apoplexy, pnedmonU, or other disease of m 

place of thin, however, puerperal fever Is frequently death among male* about one twentieth, IB per cent, respiratory system, as asthma or bronchial catarrh, 

mentioned aa the cause of death (luring the youthful resulted from suicide, end nearly one eighteenth, 88 In this period tuberraleaU la apparently hr far not so 

age of in to 30 years, uamely for 30 of each 1,000 per emit, from aeddenta. The percentage for rucb conunon a cause of death aa poeumcnla. Soirids, aod- 

ftanalea dying." cauaea among women U eomewhat amaller. dent, or lnduenaa are about equal aa oanaae of death, 

TubereuliwU of the lungs Is nUo, arconltug to these The official statistic* *how that after the cloee of namely tor about 1 In every 00 —1— who died exrtud- 
Inliles, tlie most fntal disease In the period of greatest the sixtieth year of life a frequent cause of death la lng thorn who died of old eg*. On the other jMWl 

vigor, the ago from 80 to 00. of each 1,000 males who old age. It 1* given for more than one third, SHU per among elderly females suicide or fatal asses of Bed* 

illed ssi succnmlssl to this malady, and 207 of each cent of all women wbo died and for more than three dent oeuslnc death warn noticeably leas frsqnent than 

1,000 feniolvs dying. The next moat frequent canoes tenths, 30.4 per cent of all men. There was apparently tnOoMua.” 

nf deulb In this period were diseases of the heart aud no disease or Injury In these cases, but a wearing oat of There seems to be some danger for women In Oer- 
nf the Ido*si vessels; 150 of each 1,000 females and the organs of tbe body. many of dying In ehIMhnd. During the dootde 1882- 

l.'tfi of each 1,000 males wbo died succumbed to such “If we leave aside,” coutlnues Dr. Uabts, “those wbo 1810 for every 10,000 living or stillborn childr en 80 
maladies. Aa In tbe previous period of life, heart dlod apparently of old age, that Is, take Into coudder- women dtod 1c childbed, of whom about IS died of puer- 

t mid>lcs seemed to be more often fatal to women than ntlon after tbe close of the sixtieth year only those peral fever, and about 30 of other results of rrnittaa 

men lu this nge of 30 to 00 cerebral affections and who died from a more definitely designated disease or ment Several dlaeaasa which are greatly dreaded riae- 

Hpliisl diseases beeuaie very noticeable as causes of Injury, we find that nearly one fourth of these died where and which are easily conveyed, si small-pox, 

dcntli, for about one tenth of all the men died from from Home disease of the circulatory system, that Is, typhus, and leprosy caused but few deaths In ths ampin 

cerebral apoplexy or of some diseases of the nervous from a disease of the arteries or heart, sod probably during the decade 1802-1808, ae did also /»■*«(" anima l 

system, the proportion of women dying from these dU- the cause of death reported for the persons sntared disea s es to which human brings are suseeptiMa, naaisiy, 

eases being not quite so large. In lids period of life In this column of the tables has beoo largely a harden- hydrophobia, glanders, anthrax, and trichinosis. All 

also enucer and other malignant tumors were a fro- lng of the arteries (arteriosclerosis). Further, fully the - dl—irr Just "siHnnai t.ka n togsth e r caused 

ijuent eause of death. Such new growths are more eighth of those uot dying from old age succumbed to death In Germany annually of 28 persons In every mll- 

freqiient among won. than men. being noted as the euneer or to thn consequences of same other new lion Inhabitants, so that the danger from In this 

i-uuKo of death for about 3 of every 20 femalee dying growth, namely, 1380 per cent of all such females and country la very alight 


Artificial Production of Vigorous Trees* 

Valuable Sports and Hybrids That Have An Interesting History 

In an article on the artificial production of vigorous best race, that la, from vigorous trees of the moat suit- holly. Home are aports of Ilea Aquifolium, our native 

trecH, contributed to the Journal of the Department of able locality, should bn used. holly; other* are hybrids, one parent bring the com- 

Agrleulturo and Technical Instruction In Ireland (No. 1. A sport la usually a solitary phenomenon, arising mon holly, while the other is either Ilea /Virago, which 
Hotelier, 1014) Prof. Augustine Ilonry discusses the either as h sporadic peculiar seedling from a seed, or was Introduced from Madeira In 1700, or /Jew Bsfearioo, 
nature of species, varieties, races, sjmrts, and hybrids, developing out of a bud on a tree as a single branch the holly of the Balearic Isles, which was cultivated 
os they appear to be from his researches. Natural spe- with some peculiarity of twig or leaf. A sport may be at Versailles In 1788. Miller, in bis account of the 
clea. In tbe ease of trees, are readily recognised by the looked U|*m as a freak, not forming the starting point hollies In 17150, was acquainted only with tho sports, 
occurrence of each In a definite region or habitat We of a new speclss, but speedily becoming extinct If left which bad arisen from tho common holly, as the other 
have tliUH one species of silver Hr In Central Europe, to nature. Sports, when of Interest on account of the species had not been Introduced at that time and 
another in Algeria, a third In Southern H|wln. etc. Of curl/»dly or the lieauty of their appearance, are props- hybridisation was Impossible. The hybrids origins tad 
our common trees—oak, birch, and elm—there ate pair* gufed usually by grafts, cuttings, or layers; being only soon after 1800, the earliest apparently bring /Is* Boa- 
of N|H-rlfH In the same region, each, however, occupying lu rare case* is-rpctnatcd by seed. Some sports are dne giatl and Ilea Hcniermai , which wore found by Ilodg- 
n different habitat, one species adapted to a dry sltua- to arrested development The tree, In the coarse of Its I us us seedlings In Ills nursery at Dunganstown, Wlok- 
tlon, tbo other ouitod to a molster soil. Tho podnnou- life, often I pusses through stages, like those of an insect, low. Here lira Peroto was cultivated; and old speel- 
latc oak Is a native of valleys and alluvial flats. It 1" Tho seedling of many species differs from the *dult mens producing flowers snd fruit freely are still com¬ 
ing protected against evaporation of water, the supply free as s larva from a butterfly. The Infant ash has mon In Wicklow gardons. The holly hybrids are vlgor- 
of which In the ground It prefers lvelng always ample, simple leaves. The sport known os the simple-leaf ash oua trees, bearing large leaves Intermediate between the 
Tlie sessile oak Is a unlive of Idlly and rocky districts. Is simply a needling ash, which bHs never progressed parent specie*. The sports of the common holly ore 
where water Is not abundant In the soil. Its leaves In maturity and may be colled a persistent larval form, always grafted, and are feeble lu growth, with a tend- 
nre covered beneath with hairs, which guard against Abnormal coloring of leaves, so-called variegation, ency for single branches to revert occasionally to the 
exmwdvo loss of water by transpiration In windy Is a sport, usually storting as a solitary branch on an normal form. 

weal her. Similarly two a Mors exist on the Continent, otherwise normal tree, which, when noticed, la pro- With regard to hybrids, Prof. Henry, by historical 

lint only one species, Ahmn gluttnoio. reached our 1*1- pnguted hy grafting. Peeply-lobod, crumpled, pitcher- research snd experiment, has established the fact that 
anils, after the retreat of the lee sheet, and liefore the like, anil other nbnormal leaves occur In msny sped os, many fast-growing treea in cultivation as the Lucombe 
land connection with France was severed by the forma- and are prnjHigated as curiosities. In sports, reversion oak, common lime, cricket bat willow, black Italian pop- 
lion of tbe Straits of Ikiter The other species, A. Is often seen; thus on n fern-leaf beech one or two lar, etc., are hybrids. By artificial pollination he has 
hieniui, grey abler, Is nlwent from our native flora, but liranrhiw with normal leaves are not uncommon. This succeeded In raising new hybrid*, which display tbs sx- 
when Introduced Is very hardy, and Is useful for plant- reversion may be due to the Influence of tho slock, as traordlnary vigor characteristic of tho first generation 
lng In low lying situations liable to spring frosts. The these sports are usually grafted: or It may he explained etnas; and in bis paper gives an account of Chase. The 
ash requires such special inudltlnus of soil, that only as tho triumph locally of normal over abnormal factors, most notable so far are a hybrid poplar (Populua 
unc Niiecles exists In Northern and Central Europe, there Such reversions are never seen In hybrid trees. The gencrota) and cro ss es between the common ash and 
Is'lng no suitable soil for n second species to Inhabit. occurrence of a sport seems to predispose to further American specie* of Fraxtno*. 

A natural spoclea is often a *et of Individuals uniform iqsirtiug; a tree with leaves abnormal In shape will 

over n Inrgc area; but It may consist of two or more rnsnetlmos take on, In one branch, abnormal color aa Advantages of Snrfice Combostios 

'•geographical varieties,“ which correspond with distinct well. These double sports are common In the holly. An English firm Introduced the Bows system of sup- 

territories, eueh marked by alight differences of foliage, Hybrids are combinations of two species or of two face combustion with liquid or solid fuels for which da- 
etc., that render tho variety better fitted for Its own varieties, which arise cither in the wild state or la dded advantage* are rfsi»—fl. Among U» apodal *p- 
tuihltnt. Thus tbe Corsican and Austrian pines are cultivation. They are mot with In nature as rare plications Illustrated by tha booklet are ti me to sonmri- 
clreely relntcd, but the latter keeps Its leaves two years Individual* ou the boundary line between tbe area lng, forging, annealing, bolt-making, glass-working, and 
longer on the branches, so that the dense shade of Its occupied by two specie*. This Is well seen In Turk- metal-melting. It la atatad that until recently It bos 
abundant foliage preserves moisture In the crevices of shire, where a hybrid n*k Is foond In the localities In been nsceoaary In the «f.«msHn g industrial to employ 
Hie hot limestone rocks, on which It grows In Its Aus- which the sessile oak of tbe hills comes In contact with muffle fur naces In the hea ting of the ware, for If the 
Irian and Servian home. The Corsican pint, with tho penrtnueulnte oak of the valleys. Hybrids arise combustion gum gain secern to it the Mad adds In 
lmlf tbe foliage of the other tree, thrives on graulto soil frequently In nurseries, gardens, and parks, where aev- tha enamel la reduced and tha work reined. This effect 

lu the moist Insular climate of the mountains of Corsica, oral *pccl» are cultivated together. Is doe to the Incomplete combustion of tha | _ Aa 

These two pines only notably distinct In one character. Hybrid trees are more common than has been sup- the result of a special tret carried ogt by reprwaota¬ 
ll 1 C amount of their foliage—are usually regarded as posed, Many valuable tree*, tbe real history of which Uvqi of an important manufacturing'fern, It appeal* 
two geographical varieties or the same species, Pi so* has not been suspected by botanists, an of hybrid tb*t tha combustion pr oduc ts of tha MW syotam do not 
iMrirh i, but by some botanists are considered to be origin. As sn example, may be mentioned tha fine rim, impair the nnnwixi surface, and, therefore, nay ba ’ 
I no distinct species. which Is universally planted In Holland and Belgium, snowed to have tree acore* to It, 00 dls peMtog with ths 

In a siss ies apparently uniform over a large area where It Is known as ocme pro* nr Dima* lsli/oHa, neceeatty of muffles, and rifocting a great revlng In fuel 

lhere may exist varieties, characterised by minute and Feeder!*. This U not, a* sometimes Imagined, a natural Tha advantages claimed for the system ywyny <rv 
scarcely descrlbable differences. This la exemplified by species peculiar to those countries. It Is unquestionably (1) Tha c— ufrrttoft U greatly III sills fill by tha lapse- 
tlie Scots pine. Plots of Its seedHngs, raised from seed a hybrid, which Is Invariably propagated by layers, all dsewmt surface, and, If so drelrsd, may ba oooosotrated 
of trees In the forests of Bcotland, Russia, Switzerland, tbe Individual treea on thla account befog uniform fo Just where the kret is required; (|) tha eoabretkm la 
etc., differ In vigor and In other respects (Immunity to appearance. It seem* to have originated three or four perfect With a minim a nma of air; (8) tha attain- 
eertoto fungi, etc.), when All are grown together under centnrim ago, probably a* a single seedling, which baa meet of very high tamper*tons la poaribls withoat tha 
Identical conditions. Buefi varieties, with slight differ- given rise by vegetative reproduction afore to mflltoo* aid of ■tabotofo ‘Tlgmmafln* darMat (4) iiefog fo 
cnees of structure, may be called races, and are of great of descendants. t ttgTfTT*t'r7 fliftt]mf >“Til' (fo1 ^yt*’ L TmriSfoim 

practical Importance in forestry. Only seeds of the The dtettoetioc bstwrec sports and hybrids is wall of beat from tbe seat ofeOstaWtloe fo the OhM* tabs 

-.iraaJirssre." known in U* numerous ao-otilad -varieties" of tbe heated Is vvyngM. . .. 
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Electro-Culture of the Soil 


A Discussion of the Part Taken by Electrical Processes in Biological Reaction 


Ovum U»»Mt tow yean than hu been much specu¬ 
lation u to the effect* of electricity upon the develop- 
pcnt of plant* and various experiment* have been made 
In the (ttoralatlon of germination or growth by elec- 
tf iMty , either by the u*o of electric lights or by the 
lnmnalr*r~ of current* of electricity to the plant* or 
th« earth. Besulta have varied, aome Investigator* 
gnat successes, while othen express doubt* *e 
to the praotlonl value of each method* or even assert 
that crops of different kind* are Injured by the nee of 
electricity. 

Otoe of the advocates of the beuoBti of electricity for 
vegetation Is Prof. Dr. W. Lttb of Berlin, who road an 
Interesting paper on the question at the session In 
Lelpslg In May, 1014, of the German Bunsen Aasorlu- 


Theee conditions and result* Iced to the deduction 
that electrical energy Is of much Importance In the reac¬ 
tions of Ufo. The silent discharge seems to be es|»- 
clally suited for use In Investigating such reactions be- 
chiish In It, under exclusion of blgber temiieralnres, 
electrical energy aiqiears united with the nltrs-vlolnt 
ray, as has been shown by Warburg, a ml because rela¬ 
tively strong chemical effects are produced. 

Among the biologically Jmimrtant investigation* un¬ 
dertaken by Dr. DOJi are: “1. The sadmllatluii of rar- 
boulc arid from moist carbonic acid over formaldehyde 
up to Rlycolaldebyde; 2, the synlbesla of the fatty arid* 
connected with the ssalmlbiMon of carbonic arid; 3, the 
synthesis of glycocul from corlsmtc arid, water, and 
ammonia over the Intermediate stage of the forma- 


wily exist cut Is'lwecn It nnd Its enayine iuny influence 
tile adsorption process between (lie two In the same 
direction, thus accelerating Hie eiixynu- resetlon. 

Another fact gained from (lie exis-rlns-uls Is that tlio 
nature of the substratum Is of lui|sirtancc for the effect 
of tbu discharge, wbleli would Imply Hist tlie seusltlve- 
iicsk of the specific elmraeler of the only men varies as 
regards electrical trentineiil. Tim reactions of vegnlu- 
tlvc life, assimilation of eurlsinle urid uud nitrogen, 
process of oxidation and reduction, enxymallc doconi- 
iwsttlons of highly molmdnr sidwtnnces, which fro- 
queiitly precede farther traiistorniatlons. as well as the 
numerous processes of imlymerlxAtinn and syntheses of 
other kinds, are all closely connected with the form or 
the supply of energy- Numerous questions arise ns to 



This latter form of influence Is the one best suited fur or retarded directly by the Influence of the electrical Hon of a huf of cherry lnurcl In air Riled with carbonic 
Imitation In practical eleatro-culture, In which there la discharge, tlmt Is, without catalytic agents." urid U was found that the elerirh- Held prishtccd no 


generally an Insulated metal frame or au Insulated 
metal lattlcc-work stretched parallel to the ground at a 
certain height above It and equipped with high voltage 
electricity, which Is equalised with the ground by con¬ 
stant discharge. 

The natural form of electrical energy to which this 
practical method beam the closest resemblance, tlmt of 
silent discharge, opens up the question of the reactions 
attainable through the equalisation of difference* of 
potential by means of a dielectric, a question which ex¬ 
tends fir beyond the problem of electro-culture. For, 
as it Is certain that the dlfforcuccs of ]si!eiirial neces¬ 
sary for the discharge exist In nature without the aid 
of artificial devices, they must co-operate In proportion 
to their chemical activity in the natural resetlon*. In 
regard to atmospheric electricity, Berthelnt proved that 
differences of potential, which vary from 7 volts per 
mAter In dry weather to BOO volts In damp weather, 
appear between layers of air, between sir-surfaces and 
lea {-surfaces, or between the sir and the ground. The 
equalisation of these differences generally occurs in the 
form of dark discharges. Another form of continuous 
discharge at the earth’s surface is the glow discharge. 
Tbs part taken by snnlsmm* In generating the surfaces 
of potential-lore)* has I sen investigated of lab- years 
hy Noduu, and In the sunbeam, we should remember, 
besides the heat and light rays, ultra-violet rays are 
also set!re, the importance of which for ionising In 
gxsss, or In the generation of electrons, is known. 

AU this led Dr. DHb, who had spent many years in 
Investigating the chemical effects of the silent discharge 
to taka up the problem of electro-culture in connection 
with the silent discharge and to make experiment* to 
determine the part taken by the electrical processes in 
the chief biological reactions. In his address, which Is 
given In the German Journal Zetlrckrift f«r Rlrklro- 
rAestte, b* rayai 

“In,order, first of all, to gain a general position to 
this problem, it In only n ece ssary to recall that nndouid- 
edly during the procaw of eqnailwtton of the differ¬ 
ences of potential In the dielectric, if the dielectric is 
moist sir, definite reactions are regularly caused, as, 
for Instance, the formation of osone, peroxide of hydro¬ 
gen, and oxide of nitrogen. The farther question nat¬ 
urally arises, whether these substances influence the 
vege ta tive process es , ai the aradrallatloo of carbonic 
arid and nitrogen, or processes of oxidation, whether 
they acoelerata or retard the numerous enayme reac¬ 
tion*. It la alao known that chemical reactions are not 
merely limited to the domain off gases, bat that tb* 
interface between the ground and the air also causes 
reaction* wtteh directly'offset the snbatancee within 
the ground, tbs*. Berthe** proved that t number of 
fixed bttltaa and fluid enbataneen absorb nitrogen. If 
the BlUa-violet rays an also takes Into consideration, 
the mm&ef of powfftie reaction* is much larger. Be- 
«fiW» Kmibarg. among otimro. showed bow easily and 
jrffijr' Woiogbsdiy Important substances are 

ft* w 


in comimny with Dr. A. Kal«, Dr I rib. nbcmt a year 
ago. took up tho question whether the enzyme reactions, 
so Imiiortant for the germinating pin III. lire modlflrd 111 
their course by tho Influence of the electrics] discharge. 
To settle this point It was necessary to determine: the 
condition of the aubstrata under the Influence of the 
discharge, whether the enryme* Hre affected by the dis¬ 
charge. and in what way the tllHcliarge acts upon the 
enxymntlc modlflcatlon of the substratum The experi¬ 
ments had to bo made both wltli atmospheric air. and 
under its exclusion In order to avoid the np|ieH ranee of 
■name, hydrogen peroxide and oxide of nitrogen, uud 
Involved tedious and doUcsta experiments. 

As the experiments sought only to determine the 
main conditions, animal not vegetable enzymes. were 
used, solutions of suitable dilution being made from the 
dried sulistaiiee of the pnueren* of hogs. The results 
showed that the enxymes and substrntn used were niHt- 
tera of lmisirtance, so that there Is h possibility that 
the acllun of the discharge upon the vegetable en- 
xymes might he different from Its notion upon tlie 
animal enxymes. Among Hie most Important cnxymaHc 
processes of Ihc germinating plant arc the dlnstnttc, 
tryptic, nml ll|s>lytlr rceeilous of Ibe ouxyines. In Ills 
summary of results l>r. 1,1th says 

“1. Watery solutions of stnreb are hydrolyzed under 
the Influence of the silent discharge anil the glow dis¬ 
charge In the presence of oxygen and under Its exrlu 
sluu. At the same time the port of tho slnreh not 
hydrolysed is altered In another way, |ierhu|is in tIn¬ 
direction of a polymerisation, so that the part of the 
starcb exposed to tbo discharge but not hydrolysed has 
more power of resistance to dlsstnse than starch not 
treated try electricity. 2. The dlsstatlc properties of Ihe 
panereatlc solutions are decidedly retarded hy tlie elec¬ 
trics! treatment. 3. The reaction between dlnNlase anil 
starch Is retarded hy the electrical treatment. 4. lV|ilnu¬ 
lled silk (partially hydrolysed silk) solutterns an- hydro- 
lyied only slightly by tho discharge, whereby a lllile 
free ammonia appears. The amount of the Bmiiio nelds 
sod of the nou-collotdal nttrogenon* sulsdanccs are not 
demonstrably increased, 5, The tryptic properties are 
retarded hy the discharge, 0. in the presence of peptnn 
Ised silk the tryptic properties arc tint ileiniMistnilny In 
Jured through the peptone. 7. In the presence of fllirine 
the electrics I treatment Increases tbe tryptic properties 
which act upon this, tbe digestion of librine Is accel¬ 
erated." 

It was, curiously, found that In some cases tbe dis¬ 
charge injured the ettsyme when the bitter was exposed 
to It without a substratum. while when the substratum 
was present tbe action of tbe enxyme was accelerated. 
Tbs reason for this may he that Ibe discharge changes 
the colloid condition of the enxyme and encourages line- 
culeuce. If this process Iwgtns without a substratum 
It Ik possible that tbe adberiou of tbe enxyme to the 
substratum 1* made mors difficult should the latter be 
added later Tf the snbut return Is p r e sen t during the de¬ 
velopment of floemrtence, tbs chemical atflnttles undoubt- 


cliinigc In the iiwdinlbitbni unless a glou discharge was 
obtained, lhilli oontlunouH and nlternatlng currents 
wore used, also an alternating field use tried. The 
reaction produced by Ihc glow discharge Injured assim¬ 
ilation. The ndmlxluri- of oxime or oxide of nitrogen 
with the air had the sumo effect as the glow discharge. 
The concentration was diluted until no Injurious effects 
were |H-ree|illlde. but no useful results were iillnlued. 
in conjunction with these exis-rlments, Messrs. Kulght 
uud I’rlestley of (be Botanical Hnrden of the University. 
of Deeds Invewllgnted Ihe bn>nthlng of plunts under the 
liiliuenep of electric llelils anil reselle<l only negative 
rcsnlts. TIichc and the Investigations of other scientists 
mentioned led him In the opinion that when success Is 
obtained In electro-culture the question proves to be not 
tluit of electrieal action upon one of the physlologU-nl 
functions of the plans, hut merely that of an entirely 
secondary effect of electricity. 

In reply to the Inquiry how hr supiswrd the glow ills- 
cliurge effected enzyme action, whether It was through 
tho production of rerlalu chemical substances which 
Influenced this action, Ur. 1-IUi said that any Influence 
could only be on tbn surface, ns tho rnsyme solution 
fi rins mi electrode within which linnlly any perveidIhle 
fall of iHili-iitliil could hike place. The eiillni fall or 
isdeiitial is-curs In the atmosphere; the reaction takes 
place on the surface of tile fluid ForliHps tbe best way 
In describe how the chemical action arlmw would be to 
comimre the phenomena with the nctlnn of tbs ultra¬ 
violet ray. If ultra-violet rays an- thrown on ■ ster¬ 
ilized solution of sugar tbe solution st once changes. It 
nhsnrlm oxygen, oxlillxliig processes appear, etc. With 
the aid nf the theory of electrons, various schemes 
could lie advanced as to how tlilN lisppcux, hut he did 
not wish to form u definite theory until more facts had 
liet-n iletermlned. 0. Schsll of Is-lpdg spoke of an ex¬ 
periment onre innilo with nn electrleally charged metal 
In n solution with whli-li It acted a hen not charged. It 
nns claimed llinl Ihe resulting yield was greater, so 
Hint iierhnpa Ihe reaction was nci-ch-ralisl In some man¬ 
ner. It was also Niipposnhlc that leaves charged at a 
fairly high potential, inn volts, could, when tho con- 
stltntenla there combined, act mum the speed with 
which e reaction takes place on the surface. 

In reply to nn Inquiry as to how the experiments were 
made. Dr. DBh as Id the euiyme solutions wore exposed 
to the discharge In suitable vessels, and simultaneously 
tho same solution was set In a similar vessel without 
exposure to discharge. Then the enxyme strength of 
these enxyme solutions was determined, and it was set¬ 
tled whether tbe speed of the enzyme reaction had been 
Increased or retarded in the hydrolysis of starcb or In 
the digestion of laiptone, casein, or flbrine. Next the 
behavior of the auhstrntum without the enxyme under 
the Influence of tlie discharge was Investigated, and 
after *11 this the enxyme reaction on tho substratum 
was allowed to go on to completion simultaneously 
under the effect of n discharge ami wlthont discharge. 
The result was quantitatively deteriulued, 
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Fig. L—A physUtogiesl reearfi of radio Uh ii(uk Irregularity in record to 



FI*. 4.—A record shewing extreme fstigue of the mnaelaa. 


Records of Radio Time Signals* 


Made With a Physiological Recorder 


By Prof. C. W. Waggoner, West Virginia University 


Faou tbe date of (lalvanl'a historic experiment with 
tbe (re* muscle In 17*8 to tbo imwent, physiologists 
havo investigated the effort of electrical and mechanical 
■tlmulna upon Ihla remarkably sensitive physiological 
mechiDbna. Ilelmboltx In credited with liavln* made 
the flmt careful study of the uiuaclc-norve prcisi rations 
In 1*82 nuil the use of these pre)« m Uone from the fro* 
(or tbo study of Ihe cliiinieteriellca of thine tissues la 
imiiiiiiiiii In all pliysiuloglcal laboratories. 

Till* I MINT la a report on mime records made with tbo 
iuiiwIp-ihtto preporntloua of u rrog of tile radio lime 
slgiuris neiit from the tlovernmeiit luivnl HUiUon at 
1 Arlington, Vtt., and received mi u ainnlt aerial erected 
ihi Hie ctiiupuH of the West Virginia I'nlverslly. 

I»r. lA'feuvro 1 of the I'nlversify of Itennea, France, 



FI*. 1.—Receiving apparatus. 


succeed'*! III obtaining Mime records or tile wireless slg- 
iiiiIh Held from the lOlffel Tower, Paris. Iiy using the 
inllNeln'iierre prc|mrntlnii of a frog, tmusuilwdoii of 
aiieli nIbiuiIh from I’urla to lleiinea Mug for the most 
|«irt over (erj level land, mid at a distance of n|>|iro.\l- 
inately two linndrcd miles, lie used a sensitive elec¬ 
trolytic receiver, shunting the recorder current around 
the high resistance telephones which were placed In 
series with Ihe detector anil iNitontlnmeter. 

Tho distance from Mnrguntown to Arlington. Va„ Is 
approximately IttU miles and In between He three hlg 
mountain rangea. one riilgo of which rise* 2,200 feet 
above tbo lore! of the campus. Tbe aerial used lit these 
experiments consisted of four cables of stranded copper 
wire, seven strands of No. 21 wire to each celde. The 
aerial Is of the Inverted I. ly|te, Iho highest point being 
112 (eel above the grnuud. uml has sufllclciit length la 
give It a natural wave-length of 870 meters. 

In Fig. 1, showing the reeel ring apparatus, A Is an 
Induction type receiving transformer which waa con¬ 
structed In our shop, and has a tuntog range of 00 to 
4,000 meters with a comparatively short aerial. 17 la a 
variable condenser of approximately 0.001 microfarad 
capacity. W la a huixpr-drlven wave-meter, the Induct¬ 
ance of which Is loosely coupled with one turn of the 
aerial lead In. The electrical conneetlonn are thoae 
commonly used for receiving long wave-lengths. The 
secondary of Ihe receiving transformer Is nhnulcd by 
the variable cmalenser to Insure ease In sharp tuning; 

• A paper iwnl Is-fore (he Amertran rhyslral Ooristv. Waih- 
tagto D. (’. 

Ites*. Kl, roL lilt. ISIS. 


around the secondary Is also shunted a circuit contain¬ 
ing the detector and a small flxed condenser in series. 
Tbe terminals lending to the recorder are connected to 
n switch so that either the recorder leads or the tele¬ 
phones may be shunted aeroas tbo small fixed condenser. 
The honor used In excite the wave-meter Is of the tyim 
described by Austin. 1 The bnxxer Is very simple to 
coiudrurt and gives such a steady, high pitched note 
In Ihe telephones that wh have ftHtml It n very valuable 
addition to the general equipment of the laboratory. 
Tlie liuxxer shown In tho figure will operate on two dry 
cells for six to eight hours at u tlrno without requiring 
any adjustments or attention. Such a buxxer Is essen¬ 
tial to the moat careful adjustments on tike silicon de¬ 
tectors. The detectors are shown lu tho figure at l> and 
nre mounted ui«>n a spring support. Simple sllleon- 
sloel detectors without batteries were used throughout 
these OX perl melds, and It was found that they were 
■imply sensitive for the recorder. The spring support 
for Iho detectors was found to be h great convenience. 
Those who have used lids typo of rteteetur know how 
sonstlve It Is to a slight Jur, and with this type of snp- 
|nirl there whs no dllllenlty keeping several detectore In 

uiIJiiHlment for weeks at a time wllbuut disturbing them 

111 Ihe least. The cxpHrinicids wore made daring Feb¬ 

ruary amt Mareli of Inst year, mid little trouble was 
cypcricuccd from static dlsehHnjes lu the atmosphere. 

The mechanism for making tile records hi shown lu 
Fig 2. The frog Is shown at F (Iho Inlilo u|sin which It 

WHS mounted was tilted to Iho vertical position (of tho 

liludogruphl. The |ire|strallou was nude hy removing 
the frog's liraln, destroying the spinal column and dis¬ 
secting out the sciatic norve which energlxea the gas- 
Irncnemliu muscle. The muscle was cut free at tbo 
lowest point and fasloncd hy a eord to one end of the 
long lever shown ut (<• This lever, with a suitable 
sharp marker on Ita end, was arranged to move, at Iho 
coutmotlona of the muscle, over a smoked puper kymo¬ 
graph K driven hy a constant sliced motor if. At T Is 
shown a small Kliunicrmauu time-marker which was 
adjusted to record socoudj simultaneously with tho 
record made hy the mnacle-nerve preparation. This 
time-marker has a fine Swiss watch movement, and a 
comparison of Its record with the standard time record 
mode hy the mnscle will show an error too small to be 
determined on the scale drawn on the record, 

Tbe method of making a record was to tune the re¬ 
ceiving transformer with tbe aid of the wave-meter to 
2.WS) motera: then as aoon ai the signal* began lu 
urrivo the telephone leads were replaced by the leads 
to the recorder, and tbe two platinum points or elec¬ 
trodes In contact with tbe nerve were moved along the 
nerve until t strong but regular response to the signals 
waa obtained. The records were flxed by coating them 
with a thin solution of shellac In alcohol. 

With a satisfactory preparation no difficulty was met 
with In getting full flve-mlnute records of the rime sig¬ 
nals both at 12 noon and 10 P, M. (eastern time), often 
tbe same preparation serving to make records at both 
these houra. In a number of case* It wag found that 
when a frog was prepared only a few mlnntea before 
making the record It wai entirely too sensitive, and a 
complete tetanus would remit from tbe stimulus of the 
flrat few signals, and do results could be obtained. 
After twelve or fourteen hour* tbta tame preparation 
~ ’ Austin. BtU. avr. e/ a ta afsfSv, ret rt. lMO. 


would often give an excellent record. A taw frogs were 
found whose muncle-ncrvo preparations fulled to re¬ 
spond at all. This failure may he due to tlie fact that 
ouly winter frogs were to Iw had aud Htthls rime In 
their hibernation their vitality was prpbaiftty very low. 

Fig*. 3 and 4 ahuw some records mftde by this type 
of recorder. Fig. 3 shows a record made hy a freshly 
prepared specimen. This record wns taken at 10 P. M. 
mol on record following the time dnsli at 10 will he 
fonnd t weather signals. The innscle-nervu prepara- 
tlons will not resisuid to rapidly nqiented stlmnlll. espe¬ 
cially If Ihe muscle Is fatigued, ss whs tho case In the 
record mIiowii In Fig. 3. and II Is of course luipomlbto 
1o Interpret the weather signals from this record. It 



Fig. 2.—Recording apparatus. 

wns possible often lo record the operator's signature ut 
the clone of tbe last rime dash, but only when tlie frog 
was used In making signals for two or three minutes. 
Fig. 4 is a record showing extreme fatigue of tbe mus¬ 
cle. This record was made l>y a muscle-nerve prepara¬ 
tion which had Iwen prepared twenty-live hours before 
Ihla record was made and tbo rapidly decreasing am¬ 
plitude of tha vibration Indicates tbe fktlgue. 

From the experiments performed it asema that this 
type of recorder, while remarkably sensitive to small 
electrical impulse*, Is limited to slowly applied signals 
If the record Is to be taken for any considerable length 
of time. A freshly prepared specimen will show com¬ 
plete tetanus If the Impulse* occur as rapid as twenty- 
five or thirty rimes a second. We were uutblq to get 
any very ratisfactory records of the weather signals, 
except to record some of the numerals which consist of 
well spaced dots and long dashes, even with a freshly 
prepared ipedman. 

‘like ill recorders, this on* responds to static dis¬ 
charges, and If the static current la very strong the 
high current tend* to canoe tetanus and ruts tbe record. 
It 1* possible that tbta type of recorder could bo nsed 
by observatories In connection with tbe chronograph for 
fluffing the rate of dock* making tue of suae sort of 
an amplifier, such a* the A odium to such station* so far 
distant from tbe sending station (bat (be received cur¬ 
rent an tbe antenna would not be sufficient to operate 
the steeds-nerve preparation. Tho response to tbe sig¬ 
nals la vary raped. Phyriotogiata hare found that (hto 
mnactc-nerre preparation will rsspood to the ettgtalw 
to one-on* hundredth* of a second after the currant boa 
ranched the narvm 




















i;»3 


lm tba spaed of (ho kymograph. Decrease In amplitod* shows muscular fatigue. 


preparatlea had beca made twenty-five boon before using. 

Hydrogen, lb Technical Production and Uaea* 
By A. F. Seeker 

in recant yean the cheap production of hydrogen on 
a large acute for technical purposes li«a become a prob¬ 
lem of wine Importance. Formerly It waa used occu- 
■loqnlly for tilling ballooua and In the oxy-liytlrogcn 
rtainen of the ao-called “calcium light. 1 ' Being the 
llghteat of tbe common gases und of n correspondingly 
high sustaining porter, It bn* become ewientlal for tlie 
filling of dirigible balloons with their heavy burden 
of propelling machinery. Such uses, however, Imvc 
liecome of rntlier secondary Importnnoe, mid II will 
probably be only a abort time liefurn tbedtrlglblo balloon 
and the “calcium light" will have been permanently 
dlHcanled In favor of heavier tlinii Hlr lum-lilm-s null 
vn rti>d forma of projected light* operated by electricity. 

The oxy-liydrogen dame la now becoming n common 
lool In tlie hand* or tlic artisan In working refractory 
metaln; liquid oils and aoft greaaca are now "ludro- 
gcuated" to prodoce acceptable lard mid butler sub¬ 
stitutes, and abw aolld rat anltablo fur tlie manufacture 
of bard maim; mul Inatly, the uaa which promlace bi 
eonaume enonnoua quantities, ammonia la miuiufucturud 
Itum hydrngau nud atmoaphcrlc nitrogen. All these 
naea tend to make the problem of the production of 
cheap hydrogen one of oonnldernble Importnnic. 

Tbe employment of tbe oiy-bydrogen torrh la tiai 
well known to require description here. The cuiii- 
men.-lal “hydrogenation" of oil* ami fata la of recent 
Introduction. Tbe proceaa conalata In trentlng tlto oil 
or greaae In n aultable venae! containing a catalysing 
agent, generally nickel, with hydrogen under preaauit) 
Tim oil la violently ngltnted In order to bring It Into 
lulliuate contact with the hydrogen und catalyxor. Thu 
result la that the glycerel etdera of tlie nnsaturatod 
fatty acids, which generally cnnalat for tlie moat part 
of olek,- add, become saturated, and the mono-, dl-, or 
triolein, aa the caae may be, I* converted Into the 
corresponding ateurln. The ololna are either liquid or 
aeml-aolld at ordinary temperature, and pr ce aoft 
aoap or eoap that will not bold much wuU. without 
becoming aoft Tbe atearlna are aolld fata ut ordinary 
temperature* and produce bard aoap*. Thu* by the 
pnx-cm of hydrogenation, cotton aeed nnd corn oils 
ure today Is-lng eonverteit Into lurd and butler «nb- 
Htltuten, mat Ilm aort waale greaae which formerly eotiltl 
only bo used sparingly In soup on nn-nimt of tlielr soft¬ 
ening effect can now lm employed alone as soup stock. 
Tba importance of thin la understood when Die soaring 
prices of animal tallow* are taken Into consideration. 

In view of tbe Impending cilia nation of tlie rhlle 
nltro bods, the problem of tbe Illation of atmospheric 
nitrogen for tbe manufacture of artificial fertlllicra 
ha* received constantly Increaaed attention. Klectrlcnl 
methods for tbe production of cyanlmld from calcium 
carbide and nitrogen, and tbe Homing arc process for 
making nitric arid dlrefrtly from the air have been 
established upon a successful onmmerclnl footing, but 
these require such an enormous exiiendltnre of energy 
that they cut only be opera tad profitably where there 
Is an abundance of cheap water-power. If only three 
freeware were available, conn tries lacking In water¬ 
power would be placed at a distinct disadvantage, and 
fog tbl* reason many chemist*, particularly those of 
Daman/, have labored to find a procem better stilted 
to the condition* aunouydlsg them. Tbe detail* of 
thb March were daacribtt In * moat Interesting man¬ 
na* before the Eighth international Congress of Ap¬ 
plied Chemistry, by Hofrat Dr. II. A. Bernthsen, wbo 
I* tba Chemical Director of tbe Badlacbe Antlln nnd 
flnffi Eabrib. tba owner* of a synthetic ammonia fac- 
tory oow in ao oo aaaf u l operatk» at Oppau. 

'7*"-~ ~ . 1 ' * »o Ob—teal Pa ri ss w ." 


The prix-csa, which lms been mimed after Huber, Its 
lnveutor, consists In passing u mixture of pure ullrugeu 
nnd hydrogen under ti pressure of J00 to 250 ntiiias- 
pherea through u tube filled with a caiulysvr and boated 
to U5U deg. to TOO deg. Cent. Tlie hot guscs then puss 
through u hunt regenerator nud tbonce through au 
nniiuuula nbsorkor, after which they arc replenished 
with freab gns mixture and forced by a pump back 
over tlie outer walls of the contuct tube nnd then 
lliruugli the cMitnct limns to repent tbe clrcnlatory 
i-nurse ulready described. Only a purl of tlie gnu mix¬ 
ture la converted Into iiiumiiula by u single pusaiige 
through the converter, bul tlie gases ure made to clr- 
eulata colliluisiusly through the nppariilus, the am¬ 
monia ls-lng utworlied encli lime ns Hie mixture Issue- 
from tin* bent regenerator at tlie end of tlio contact 
tube. Tin: gases are replenished with fresh byrtrogen- 

... ns required. Tlie contact mas* coil 

slats of pun* Iren containing small amounts of certain 
so-called promoters wlilcb may consist of oxide*. hy¬ 
droxides, or salts of tlie alkalies or of the nlknllii > 
norths, anil nlso ninny other substances of tin.' mini 
varied nature, esiicelnlly metallic coiii|siunds or tlio 
mctnlB themselves. 

There have been many ways proposed for the pro 
ilnciug of hydrogen on n targe scale, tlie liioat Impor¬ 
tant of which are (bo electrolytic and the water gns 
proem*. The stud lot of A. Wegener nnd others lend 
to the belief that ut an altitude of alwttl 75 miles the 
iiliisiKphpre consists of pure hydrogen ami iillrogrn 
that would Is- Ideal for the Haber process, t'nfor- 
tunntely no iiieiuuv of piping three gases down to our 
sphere of nctlou hit known nnd we must cimlcnt our- 
selvos with morn IsborloiiH methods of tinsluctloD. 

At European nnny ixwta, hydrogen for military lull- 
hams la commonly gouernted from scrap Iron und aul- 
plinrk- iichl, tlie ri-ncllon ls-lng accclerutnl by limit- 
lug tbo nilxtiire to nlMtul 55 deg. Cent. For field 
operations slue Is used In pluci- of Iron and the gen¬ 
erator* lire moulded on wliecls to foclllliitc transpor¬ 
tation. Throe other, and more modern melius, of 
generating hydrogen are used for field pnrismoii nml 
will no doubt be ailapted for other thou military uses 
In placea dlllh-nlt of niit-ss where Lhu gas I* needed. 
These pris-esses went Invcntcil by (I. F. Jnubcrt, a 
Frenchman, nml were mimed by him n-npurllrt-ly, tlai 
“Hydrollth,” “Hlllonl” mul "riyilpogciilte” pr-K'cwves. 

Hydnillth Is fonneil by healing nii-tnlllx cnh-linu In 
mi utiimapliere of hydrogen, producing a hydride, Call,, 
which when treated with water reacts n» rollowa. 

CaHrfH^OatOHlrfZI^ 

Jiuit ns calcium carbide generates acetylene. Hydro 
lltli la a white cryntalllne i-owdor, dccoiniiosliig at 000 
degrees In n vacuum, and usually contains about 90 
per cent of CaII„ the rest being nitride nnd oxide. 
Otm kilogram yields nlxwt one cubic meter of hydro¬ 
gen. The apparatus designed for using hydrollth In tlie 
French army Is very Ingenious, cun readily be trans¬ 
ported «nd has a capacity of 1,200 cubic meter* per 
boor, An itrtuy dlrlglblo can be filled lu four hour*. 
Tbe high ioat of hydrollth, *1.38 per kilogramme, will 
at present aerlonsly restrict it* use outside of military 
operation! 

Tlie Billed process consists In fronting powdered 
forroslllcou, or uiangnn>*lllcnn with water nnd caustic 
sods. It dam not appear to have gained extendod qse 
because of the more troublesome manipulation* and the 
greater difficulty of controlling tbo evolution of gn* a* 
compared with tbe other method*. 

Hydrogenlte la composed of ferrosillcon (containing 
00 to 95 per cent of metallic silicon) 28 parts, caustic 
soda 60 parts and dry slaked lime 90 part*. The in- 
gradient* ire reduced to a very fin* powder, Intimately 
mixed, and pranod Into brick writing SO to 50 kilo¬ 


gramme*. Being very hygroscopic, each brick must be 
scaled lu ii tin box to prevent Uccuuiiioaltluii. lu gen¬ 
erating liygrogeu the brick la placed lu a metal cby hi¬ 
st having double walls, the spucu between the two 
mill* being filled wllh wuler. Vents are pineal In tho 
upper part of the Inner wall leading lo tlio central 
t-liumbcr containing tlai hydrogenlte ho that tbo ateaui 
formed during tbe combustion may gain acceoa to the 
charge and liicrenao tin- yield. Tlie cover of tlie tin 
coutaliilug the hyilMgenltc Is ojieneil, the lightly fit¬ 
ting lid of the genera lor fiislencil lu plnce and through 
II small liole lu IIh- latter a red hm win- Is thrust Into 
tla- charge. The mass hums quickly, without flame, 
gcnenitlug lieut uud evolving hydrogen accordliig to the 
equation: 

81+OuOII), | 2XnUH = Xn,Hk» 1 .(-('a()-|-2n, 

(hie loliime of Hit- nMitiimwcd li.vilrogi-ulta yields Ntm 
miIiiiiich, or 270 to .Till liters tier klb-grauimc, i>r pun- 
lijilrogen. lit a <hhI ot about 32 ceuta |s-r ruble meter. 
The requisite ap|siriitus for field purismes welglis about 
IlOO kilogrammes. 

Tbo methods cmplnyisl ii|sm ii Ini-gc si-ale lire, of 
course, cuiwblc of producing tin- gas much more- rheu|>- 
l.v. In one of these mi Iron, vlny lluail ivtarl Is llllnl 
Ncvcn-cIgfatliH full Ilf Hike, Ignited nud raised to u 
ivlilto bent by in nlr bluat. 'I'lie retort Is tlicn i-loaod 
null a cheup hydroi-Nrlsm like rnulo petroleum or coal 
tar Is Injected Into It from tlie top for about 20 minutes 
or until Hip leni|ienitiiro Inis fallen below tbe proper 
crocking point, tbo gus thus generated passing through 
ii sprinkling tower uud fillereil Into tlm gnsniuetor. 
The oil Injector Is then shut off, Hie retort opened, tlm 
nlr blast again turned on, uud tbo prowaa ms* ted 
Indefinitely with perlodlrnl rrnownl of tlm coke anil 
remoiHl of tbe iislnst. The product coiilnlns about 2.7 
per mit HO, (Hid |mr cent II, and 1.3 per rout N, and 
Iota a specific gravity of d.1. Tlie gna can lm still 
furl her purified to a content of iw.4 |*-r cent H, by 
passing It through suitable absorbents, nml Is produced 
lit a total coat of 3 to -I rents tier cubic meter, accord¬ 
ing lo the slxo of the plant and the mntcrlnls used. 

I-urge amount* of hydrogen are obtained ns a by¬ 
product lu tho electrolysis of salt solutions lu tlie uinn- 
nfm-turu of chlorine and of i-austlc amla. Tlie clcr- 
Irolyals Is effet'lcd In n ii-ll having a cement dtaphnigin 
«lilrli Is not attacked by chlorine or caustic stsln. The 
electrodes arc Iron nml rerboii, Hie Inllur being used 
as nn auode. Tlm renctlini which Is ns follows: 

2NuCl 4 - 211, -= 2.\nOII 4 -19, 4 - II, 
yields 7,»XH) cubic feet of hydrogen for every ton of 
suit. A cell operate* 011 15,Odd horse-]tower at Dries- 
helm, (leminny, producing 215 million cubic fi-et of 
hydrogen per annum. 

Two othar method*, now little muni, constat, (1) In 
isusdiig anirnrhcnteil slenin over nil lint Iron, and (2) 
lu conducting water gus Ibrougli suitable absorbents 
so that Dm- ivirbou-moiiwxklo and hydro-curbons ure 
removed, leaving behind llm hydrogen and nitrogen, A 
third prove* which la Ini-reusing lu n|iplli-atlon was 
devised by Unde, Frank mid Cunt. In this, water gas 
which conalata umlnly of curtain monoxide and liy- 
drogen la rompreased nud cooled to the liquefying point 
of the carbon monoxide li|sui relieving tlm pressure 
tlm mixture expands and In so doing Is cooled still 
further so that tlie enrbon monoxide amt most of the 
Impurltlea aeimrute out lu liquid form, allowing tlie 
hydrogen tn itnm off In a fairly clean (97 to 88 per 
rent 11) condltkm. The mixture containing tbe liquid 
carbon monoxide Is Inter vaporised and used lu com¬ 
bustion motors for power. 

Tlm growing demand for cheap hydrogen for Indus¬ 
trial usea will act to promote Improvements In ts-tli 
tbe elo-trolytlc anil the water gas proreoaee bccaime 
both require comparatively cheap raw material. 
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Electric Waves and Oscillations 

A Means of Investigating the Interior of the Earth 


Tiie attempt* which hair, until very nivlitlj, Imtii 
H iisviret!**ful In iilillm- i-lcclrli> current* uud wave* In 
Hu- IiivchUkuIIuu uf till' Infi-rlor of the earth extend 
buck. rc*]*-clliol.v, to Itie year* Jf£N) nnd 3001. The flmt 
practical ruHiiiln in title Hold, attained by Heinrich 
lam) mol ni»M-lf In 1010 awl toil, attracted by no 
iiioiiiiN tin- attention in mining elrcli* Hut we had an- 
llelimlinl. F.ven at thu liroMeut day, In the fttcc of a 
mint niimhnr of aitceesnful iirlileveineiils, nwny peraotiH 
lire Nllll HkelMIcnl about the ilevelo|iment of electro- 
ily niuritr method* of exploring the earth. Judging from 
mi o\|ierleiiiv. thin Is due c*|N*<-htily to the fact that 
ni'ltlier the |>Ij>hIl-uI IhihIk nor the *e«|*> uf the vurlou* 

t«-1i*Kt*M|iliy. the most finiillliir a|ipllcntlon of eloctrle 

wiivc* uiul oHolihilloiiM, la coimnoiily aecnunleil ... 

I lie niiirvolN of modern llinea; while the application of 
the Willie phenomena to Hiiliterninenn exploration la 
consigned to I he ren Ini of fnhle. Ill the following re¬ 
mark* I hope I may la- able to convince the reader that 
the loiter niipllrtition I* neither liiiiawdUle nor lucom- 
preheiiMlhle 

The |ili,v kIiiiI prlnelplea lavolvcil In Mil* Hiiliject were 
dlaciiMUHl In del nil In Hie Journal hull, volume 7 , 1013 , 
No 17 . I then* evpliilnod the prlnelplea of the vvlreleaa 
triiiiainlaalou of elcetrlcnl em-rgy llirougll apnee, III order 
to save pruellcal mining men the necetmlly of coumiiII- 
Ing a work on wireline telegraphy, lienee. I Khali III 
Hie pnnenl nrllele limit myaelf to H abort aketeli of the 
union* processes. 

The lawdhlllly of npiilylng electrical wave* and oacll- 
liitlon* In the Inveallgnllon of the earlli'a Interior do- 
|H>nda iiihiii eerluln pliyalcul difference* In the nialerlala 
eoli*t Hilling I lie cHrth’a crust. The Inlter full Into two 
classe*. iiei-orillng na they eoiulnet electrical cum-idN, 
or, on m-count of Ihelr alight coinliicllvily, arc elasaed 
n* Inaiilulnr* IIihkI eoiidnelora of nil electlieiil eorrent 
lire lni|M>rrloiiH to electrical wine*, whrreti* the latter 
lui** ulnniHl nun If cel ed through Insulator*. 

A* elect rim I wave* differ from llgld wave* only III 
vvave-leiiglli. opHenl pliciinnieiin iiniy he directly repri* 
dueial liy Hie former. Willi nn nppiirnlim for emitting 
wave* III wilder) and une for reeordlng them (a re- 
eelter), we limy make <|imlltnttvc obwrvnlIon* on the 
iimlerlnl lying IK-Ivvecn the two liiMlriinienla. Ah stated 
idnivo, mnierlnl* thill are conductive In an elcetrlcnl 
current will not in-rnill (he |m**age of Ihe wnv<>*. 
VnioiiE Ihe enndiiclor* are wider. 1 Halt solution*. and 
nlnilu sului-iiti-d Willi Ihew; nl*o u huge niimlier uf 

«. ilmorptlon Method. 

A Unit pmetleid melhml of Investigation, the nlMvorp- 
f Inn proee**, Inke* Hie form or le*tlng rook* for the 
pri'senee of uirlmi* kiiIwIiiiiiv* 1»> examining Ihelr eu- 
l»ielly for lulinllllag (lie |ia*Miigo of electrical wave*. 
Pniellenl InveNtlmitloii* of hiiIihIhih-c* which ure opaque 
lo *iieh wave* lore anil will hoIiiIIouh) were innile by 
Hr. l/'iwy and uiywlf In Hie alnle mine of KonnenlH'rg. 
near Ihwlnr, and nl*o tiv l»r. Ulvvy al Helmrley. The*e 
conllrmed the fm-t (hnl good conductor* of an eh*-trleiiI 
enrn-iil are o|<nipie lo eleel rim I wave*. A fnlr ngree- 
meiil wllli the theory, I. e.. iilwenco of umrl«*l alswrie 
Hon. vviin yielded hy Ihe rock* occurring In putHKli 
mill!-*: vlr., union* nnII*. niiliytlrlle, Hay. etc. Nii- 
liienui* Inve*tJgutlnii* In u Inrm* number of mine* 
plow'd thill Ilu-re euillil I*- no doiilit nlmnt llie Irnnk- 
imreiiey lo eh-etrle wiiu-m of the reek-forming uilueml* 

Ihew hiiIwI iiarc* nre dry. 

h ltrfin thm Method. 

The lelh-ellng l*>wer for lightwave* of a gn*ll Hum 
I lev of milwliinee* l* a* iiceiirstely known n* their vnrlnu* 
ilegri*-* or lnin*|Hin<ney. Among Ihe excellent retlec 
l«r* of elect rim I wove* we Hml, again, the *iilmtancca 
II.at nn- eondnctlvc to mi electrical enrrent, via., met- 
ill*. ore*. *ult solution*. nail wnter. With wilder* ami 
rivelv-cr* of electrlenl wave* whli-li luive Ihelr aiitcnme 
*o nrningeil na to wild nr m-clve only In a winded 
ill reel loll It I* possible, therefore, to Ionite these enn- 
dmiliiK miIihIhiiit* through lidcrveidng nmtcrbil that la 
lrnii*|nii'eiil lo vvnve*. merely by eliungtng Iho direction 
of Hie Iinleiinn-. From the imglca between the antenna* 
o^-the Wilding nnd n-edvlng InatrumentB, reaiieetlTnly, 
‘ Tniiwliilnl .. /i rle. In I It ,b-a firrinn dewturher Inur 



By Dr. Gotthelf Leimbach 

nnd the grouud when the lutemdty uf the signals re¬ 
ceived 1* greatest, the depth of the raflecHug layer (ore 
or water) can be computed. Practical Investigations at 
the swimming hall Ic Gottingen, and alio at Bsntog- 
hauaen and Scharley, have proved the utrong reflecting 
power of water and ore. 

c. Interference Method. 

In many cams, o. g., In determining the location of a 
water-bearing mm In the interior of a mine, it !■ lm- 
jKiaalblo to mm long antenna-, movable at wlIL Bach * 
seam may, however, be located with etatlanary sonder 
and receiver If tho wave-length of the system la so 
chosen that the wares running directly from the sender 
to Iho receiver are neutralised hy those reflected from 
(he conductive mibstancc. Till* will happen when the 
path of llie reflected waves la longer by %. 1%, 
etc., wave-length* than that of tho direct waves. Tho 
two train* of waves have a different direction of aecll- 
Inllnii, and opposite phase: their effort upon the re¬ 
ceiver will lie nil In caw they have equal energy. Ou 
Hie other baud. If the difference between the length of 
pnlh ntnouulH to one or a number of whole wave- 
leiiglh*. the wave* will then In* of the same phase anil 
their effect uiwii the receiver will lie relnforceil A» 
wc are able lo vary nt will the wave-length of a sender 
nml a receiver, wc enn ascertain by this method, an by 
llie other*, Hie presence und the depth or distance of a 
rvmductlve reflecting seam. Kxpertmeats of this sort on 
ii Hiunll scale were inude by the writer many years ago 
In connedlou with lnveallgntlons of quite a different 
character, vlx., the study of moist Bulla, at the geophys¬ 
ical Institute of Gflttlngcn Vulvai-nUy. 

<f. “Qvarltr icatr lenoth" proeett. 

lu the method above outlined both a sending and a 
ria-elvlng system lire used About a year ago It oc¬ 
curred lo me lo HM-ertalii whether the wave emitted by 
llie wilder and returning thereto after falling vertically 
u|niii a reflecting surface would not affect the oscllla- 
Hoiik of the sender In a iuu liner analogous to what oc¬ 
cur* III Ihe Interference melliod. A mellmd depending 
iiimii thin principle would have the advantage of great 
slnipllclly. u* miiitarcd wllli the Interference methial, 
licmusc It would elluilnnle Hie second receiving system. 
Ill the lalMiratory of llie “Krforsclinng dee Krdlnncni 
t! ni. h. H." ("Subterranean Invcstlgallnn Company, 
l.ld.") Hi (Hlltihgctl. experl meal* on n small ocalo gave 
llie Miirprlslng result that reflecting Hurfaces could be 
I-an ii*l the length of which was le*a than that of the 
niilciiiin and the breadth only one hundredth tho length 
of Ihe antenna, or less. Till* methml Is, therefore, ex¬ 
tremely sensitive. Aa Ihe sender shows particularly 
rhnnidcrlHtlr effects for difference* of n quarter of a 
wnvt*-lcngth or mnUiplc* thereof, this process has been 
called Ihe "quarter-wave-length" method. From the 
IMislllon of the rharacterlstle maxima and minima of 
llie effect of (he reflected waves In relation In the wave¬ 
length llie de|ith of the reflecting layer may be very 
accurately ileternilned. Thla method Is appropriate for 
seeking on* or wuler from Ihe earth's surface In all 
ense* vv here the Intervening strata do not wholly absorb 
ihe wave*. An expedition sent out hy the company 
above mentioned, under the nusptees of the Imperial 
Colonial Office nnd other Interested lurries, Is now en¬ 
gaged III proHpectlng by this meriusl In Bouthweat 
Africa. 

ii. lavtiaTiasTinN nv ueanh ok kucctsical 

OAritX.STIONO. 

The following methods work wllh n single system of 
iipparalun and depend upon the Influence exerted on the 
apparatus hy lire Immediate environment- The quarter- 
wave-length meriusl therefore forma n connecting link 
Mwcen the methods In which the course of eleetrical 
waves Is followed between (wo stations and tho** which 
Involve ntxcrvTvtlnns of Ihe Influence exerted by the en¬ 
vironment upon the oscillation* of a slnglo system, 
e. Co.peeitp and Ttempinp Method. 

The wave-length, X, of an oscillating system, e. (t, of 
an antenna, la determined hy the latter’s selModoc* 
tlon, L, and capacity, C, according to the relation 
x 2wvT.C The surroundings or Ihe antenna have no 
IrAlienee on (he selMndurtlnn. which therefore need not 
Is* considered further. On the other band, the capacity 
of an antenna Is strongly affected wheij the llnra of 
force running from tho positive to the negative end nt 
the antenna ink* through mime medium other than air. 
Kach substance pn awemw lu own dleliwlric cwmtairt-- 
n n mu her analogous to apedfle gravity—which show* 
how many times tho capacity of «n electrical system t* 
Lucreaaed when operating in the **«t la qniiMnii 


Instead of lu air, the dielectric eonatant of which la 
unity. 

The nn of thla principle of rariem! dielectric coo* 
etanti In different anhatancee aeeua quite pafttaMDt 
when we learn that water has a eonatant of 8t while 
moat rocks have constant* varying between 4 and IS. 
We may therefore aasumo that the presence of a water- 
hearing seam will make ltaelf felt through an inereaee 
iu the capacity of the antenna, even at ecqelderatile dte* 
Uttcea. That even the (lightest differences la the 
dielectric constant* of various rocks occurring In potash 
mines came differences In the capacity of oscillating 
systems has been determined through the detailed Inves¬ 
tigation! of Dr. Krtch Mayer and tnyeeU. 

A great advantage of this method consists In the fact 
that substances having different dielectric constants 
affect not only the wave-length but also the damping of 
the oscillations lu different degrees. In conductive sub¬ 
stances energy Is used up In the production of vortical 
current*, and to these substances belong, as we have 
said, water and salt solutions. Nou-conductive Sub¬ 
stance* of high dielectric eonatant virtually affect only 
the capacity of tho system. Hence, this method should 
penult not only the discovery of the presence of sub¬ 
stances of dliferent dielectric constant, bot also at 
least a qualitative Identification. Thus we have the 
hosts of a method which can be applied, first of all, In 
wining and shaft-sinking, to the task of determining 
whether there Is danger of an lrrnptlon of water or 
salt solutions. 

h. Ksemination of Proton Bhafti. 

Water-bearing and unstable solla are now, with In¬ 
creasing success, frosea In connection with shaft-oink¬ 
ing, In order to produce a cylinder of resistant material 
within which the sinking of the shaft can proceed with¬ 
out danger. That this operation has not always been 
successful Is doe to the fact that It has hitherto been 
difficult to determine whether the froxen leyer was suf- 
flclontly solid at all points. The efforts to remedy this 
difficulty have been limited practically to the construc¬ 
tion of more or lees trustworthy sounding-device* for 
testing the behavior of the various freexlng-ptpc*. From 
the behavior of any two successive pipes, and with the 
aid of the data deduced from past experience. It la 
decided whether the amount of cold applied la sufficient 
to freexc the section of ground between the pipes, or 
whether s suiqilenieutary freetlng-plpe ought to he In¬ 
stalled between them. Moreover, to order to freese wllh 
tolerable certainty any strata containing salt solutions, 
which have led to many breaks and accident*, very 
low temperatures are used. In spite of all Improve¬ 
ment*, the fact remains that there has heretofore been 
no means of promptly detecting the presence of dis¬ 
turbing factors within the earth. Here again the eld 
uf electrical oscillation* may be Invoked. Unfronn 
water-hearing or solution-bearing Beams lose their elec¬ 
trical conductivity In proportion as the water they con¬ 
tain ts changed to let*. Hence, the Iron freastng-tnhes 
must tm used an antemue and made to give rise to elec¬ 
trical oscillations, which will be effected by the Imme¬ 
diate environment in the samo manner a* tn the capac¬ 
ity method. Kx perl meats on a small scale confirmed 
the utility of this procem; Ice wa* found to be tnim- 
paront lo electrical waves. The conductivity of wnter 
containing a small admixture of wits was reduced to 

" b “ Ut 100,000 ori * , " nl VB,ue eoolln « from room 
tempera turn to 10 degrees below aero Centigrade. 

Meanwhile tt remained to be determined whether 
these assumption* would be a* perfectly realised In an 
actual ahaft-tremdng operation, with Its envelope of 
frosen sol), as In experiments on a small seal*. We 
had no difficulty In transferring oar laboratory experi¬ 
ments to tho practical conditions of mtsfe an undertak¬ 
ing. , My coll* bora tor, Dr. Mayer, and myself were able 
within • few minutes to exrite oodUattons of a prevl- 
uualy determined wave-length la any freeetnrtubs we 
happened to select, at an Install*tioe between M*n*g 
and Barntae where the masses ry faculties were kindly 
placed at our disposal by the Tlefbeu- end BBMafes 
trie A. -a.” of North*uses (formerly Oebhardt & Eee- 
nlg); The last preliminary condition of the proposed 
method was tho* fulfilled t the frosen envelope of (he 
•haft gave aa effect exactly st isitffisee to that pMdoeed 
coder artificial conditions to Urn laboratory. 


hy tht “Peetach* T*~*-f—" * tl ii ffHHtoh i fr' at 

fhmtumd wm 1*hb ratosdon th* Stnogth^ow 
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Uf too frown won of the (Haft *o Hu •• to Macons, 
■t fls* outeot, tbe pr o—n ee of an unbroken layer near 
tbe (orfaoa, wbkdi hlndtred tbe peneration of tbe elec- 
trloal warea to the lower end of the freeabif-tobea 
This layer, according to our meaenrementa, lay at a 
depflt of barely a meters. Suboequont Investigation 
showed that a thin layer of tbe freealng-nilxture lay 
open the cement block In which the drive-pipes were 
Installed, and thla had not froaen. 

Had not the shaft bean, for the most part, already 
lined with Iron, we should have been able to apply me- 
emefully here a method which we have applied, with 
good results, In a Hanoverian potash mine, where we 
had to work through a much more strongly conductive 
layer than the one above mentioned. However, both 
bora and also a few weeks later In a shaft-free*!ng In¬ 
stallation kindly placed at our disposal at Heerlen, Hol¬ 
land, by the “Dentscber Kaiser" Mining Company, we 
bad to con taut ourselves with the positive result of 
having been able to detect not only the presence but 
also the depth of an unfroaeo seam, which lay even 
deeper at Heerlen than In the case just referred to. 

Recognising the fact that we must, for the fnlure, 
generally expect such layers of disturbance near the 
earth's surface, and a mure or less extensive Iron lining 
In the shaft, 1 endeavored to devise another method In 
which the investigation of the freestng wall of the shaft 
would be entirely unaffected by such obstacles. The 
ample equipment of onr physical laboratory greatly 
facilitated this undertaking. Betting out front certain 
very definite experimental conditions, my colleagues, 
On lfayer and KrOnoke, and myself succeeded in ex¬ 
citing electrical oedllatdona In two bare wires bnriwl In 
wet earth—representing a froeslng-tube system on s 
small scale—and In determining tbe constants which 
furnish Information as to the separation of the tubes 
and the location of unfroxpn places In tbe froaen wall. 
After experimenting under a variety of conditions wo 


came to tbe conduxlon that tbe prasencs of a conduc¬ 
tive layer under the sill of the superstructure, due to 
tbe often practically unavoidable spilling of the freef¬ 
ing solution In filling tbe tubes, and also the existence 
of au Iron lining ("tubbing") In however advanced a 
stage of construction, need not Interfere with tbu ex¬ 
amination of the frosen earth; Indeed, the Iron IlnlDg 
can be turned to good advantage In connection with this 
process. 

o. Investigations in ConurcHun irith the Cementation 

The use In shaft-sinking of tile cementation process. 
In which crevasses in the wall of the shaft arc closed 
by fordng cement Into them, has steadily gained ad. 

Ilonably this process has Its advantages In many cases, 
especially when WHter needs to be kept out In compara¬ 
tively small areas Ht great depths. While In the freel¬ 
ing process It Is possible to form a tolerable Idea, 
through varlons modes of observation, of the auecemful 
progress of the work. In I he cementation process the 
measurement of the water Rowing Into the drill-holes, 
or of the amount of ocmouL forced out by the water, 
furnishes the only method of IcHllng the NolldUlrAllon 
of the dangerous erovnssed struts. The strong outward 
resemblance of the cementation to the freexlng process 
led me to consider the ap|>lt<*nbtl Ity to the former of the 
ch>ctrlenl method of testing for water. The methisl 
used In the freexlng process conlil not be applied with¬ 
out modification, since In tills case it whs not a ques¬ 
tion of hum If Ling the drill-holes from water-lsariiig 
seams. However, preliminary experiments nt Gfltttiigen 
and also In au actual shaft where cementation wns In 
progress showed that the wavos from s highly Isolated 
antenna can penetrate so deep In the earth that from 
tile reaction of the earth lqion the antenna It Is possible 
to gnln a knowledge of Ihe presence nf water In crev- 
iiMscd strata. An advnntagn offered by the elrclrival 


test consists in the fact that the antenna Is not essen¬ 
tially effected by thin newly-formed layers which 
diminish the flow of water, take up little cement, uml 
thus give u deceitful effect of solidity, but which, with 
further sinking of the shaft, do not offer Hiilllclent 
resistance to the pressure, and thus may ruin the shaft. 
Bo long ns the water Is not effectually held back by the 
cement, so as to furnish the conditions necessary for 
forming a cement wall strong enough to withstand tlio 
very heavy pressures to which It may, under some Hr- 
emuatanecs, he subjected, the dnngcr nt a break mHy 
still l>e detected by our Instruments, even In cast's 
where the almost complete cessation of flow would, ac¬ 
cording to previous exiierience, apimrently Justify the 
further sinking of the BhHft. 

The foregoing remurks will, It is hoped, help to give 
the render Home Idea of the principles underlying the 
various methods of Investigating Ihe Interior of the 
earth by means of electrical waves and oscillations, and 
to stimulate his interest In the practical results thus 
far attained. These results will be discussed In another 

lilt addition to the article in Kali mentioned alsive, 
several ueeniiuts of live methods of Investigation de¬ 
scribed In the foregoing memoir have Itccn published by 
l>r. T-clinliarh nud bis collaborators In Herman ami Aus¬ 
trian scientific Journals, the more lui|Hirlant Mug: 

II. Lflwy and (I J-elmhach, “Elne Elektrislyumnlsclie 
Motliodc xur Erfomrbiihg di-s Krdliinern (Ernie Mlt- 
felluug)." I'kiiMallsehe Xellsi hrift, 11. MIIO. p. 007 ffg. 
Iltld. (Zwelte Mlttellung), Oesterrclchisehe XrltschiIft 
Idr Harp- ami HilUmnresru, 00. 1012, p. 027 ffg. and p. 

two ffg. 

II. Uiwy, “Synloiofttlsehe Krforscliiing dcs Enllimeru 
lulttels eleklrisrlier Wellen," Xvitn-hrift fur praktlsohn 
t;,a,Ingle, 10. 1011, p. 207 ffg. -Editor of Rcucntihi 


German System and Method 

The Effect of the War on Her Industries 


Tan significance of the two words "system" and 
"method," aim of all that these words connote, has boon 
demonstrated to the fall In the present war by the Ger¬ 
mans, who, with much pride and sntlafnctton, moke 
Innumerable references to them In the press, In public 
meetings, and In private conversation. We all know 
that Germany, In every conceivable field, has carried 
her principle of systematising to a length nud degree of 
lierfoctlon unapproncheil and, perhaps, oven hardly at¬ 
tempted In other countries, and however difficult her 
pmdtlou may ho at the present day and In tlie future, 
It would have been Infinitely wonie had she net bad her 
system of systems to fall back upon. Its Immense ma¬ 
chinery was at once put In action, and the Germans 
claim for It that, when put to tbe tremendous test set 
It by the war. It has done all that could possibly have 
I icon oxpoctod from It 

At the recent general meeting of the Allgemelnc Klek- 
trldtnts Geaellschaft a statement was made that "the 
first task for the German Industry, which through the 
war had experienced an unprecedented ‘nnrniwlug In,’ 
was that of standing on Its legs. To do this, a trans¬ 
formation of tbe entire Industry was to some extent 
necessary. Although It certainly was by no means a 
simple matter for a country with many Imports sud¬ 
denly to get substitutes, the necessary transformation 
or alteration within tbe whole Industry has been com¬ 
pleted with admirable ease." Commenting upon these 
remarks, a writer In a Berlin Journal says tills only con¬ 
firms what every dny and every hour they see and bear 
and read. There Is hardly an Industrial report which 
does not bear out that, after the.shock, work lias been 
rammed with 40, 110, or 70 per rant of the usual staff, 
and that part of the work, directly or Indirectly, has 
been devoted to war purposes. A factory for incandes¬ 
cent lamps all at once took up tbe manufacture of cart- 
ridges; machine works made “Gullasch-csimons"; a 
maker of artificial flowers went In tor bread-hags, a 
bijouterie concern tor knapsacks; a hotel Mtrben was 
turned Into a Jam faotory. It only took a couple of 
weeks, and the mrrassrr plant was available. Hands 
were trained, and energetic merchants looked to the 
supply iff raw materials, or when the usual ones were 
unobtainable, of substitute add to means to bring pro- 
dtlosr and buyer In eoMhct, though often by a round- 
about way. The system baa worked admirably, and at 
k ttnte whan people ware compelled to work with the 
utingut epenboy it has managed to can forth from the 
-HariMlt hud nartowust eOrnara raw materials, to secure 
to* t nodffn* W*a watted, and that no pomdbly sccea 
■ 'riMib ftaridw'pwtrga <«w*y was nefftocted. The fact 
; ***■ -WetMwh* 


that a number of earnest and financially strong business 
men were compelled to apply themselves to optvortun 
Istlc dealings lias also helium to nugmeut the excep- 
ttoual work done In thts connection. 

In examining Into the reasons why German Industry 
has camped being brought to a standstill by the war In 
nearly every one of Its more Important seel Ions nnd. 
after n short reorgHnlxstliai sud with isirtly iillored oh 
Juris In view, has worked on with uu lni|sislng certainty 
and without any suspicion of nervousness. It becomes 
clear that the most potent factor Is that Hie German 
army quickly swceeded In carrying the war Into fbr- 
elgn countries. In addition to this, (he Industrial and 
financial authorities succeeded, by wise measures. In 
establishing confidence In the power of resistance of tile 
German Industrial organisation, which. In Its turn, 
rested upon the Gorman military successes. The causes 
of the uniform eontlnully In German Industrial growth, 
however. In tlio last Instance lire to lie found In the fnct 
that German development, more than that of niiy other 
country, has grown systematically, nnd shows no gn|is 
of any moment In the manufacturing processes. Willi 
regard to certain raw materials which the German soil 
does not produce, or, in any ense, not In snffirient quan¬ 
tities, Germany will also In tbe ftituro have to de|inid 
u|M>» foreign countries, even If the efforts nf Its scien¬ 
tifically working Industry are systematically centered 
upon replacing artificially Ihe natural raw materials 
which Germany lacks. In this connerihm mention Is 
made of the successfnl attempts nt prndnclug artificial 
nitrogenous mannro Instead of Chile nitrates, at produc¬ 
ing home-manufactured henxol in place of foreign Is-n- 
xlne, and of Ihe not yot quite successfnl nttempls nt 
prododng artificial leather and rubber. 

Brill more Important than the raw-material question 
for the maintenance of the collective German Industry 
under the present conditions Is the fact that no Indis¬ 
pensable intermediate link Is mlsnlng In the large proc- 
emes of production. Germany prod new herself all her 
bslf-flnlabed goods, and she utilises the resldnnry prod¬ 
ucts of her Industrial pro ce ss es for the manufacture of 
valuable auxiliary commodities with such financial re¬ 
sults that no other lndnstrisl nation In the world even 
approaches her In thla respect What these auxiliary 
products mean to Germany at present Is more e*|(crinlly 
demonstrated hy nlpbate of ammonia and ben sol. How 
much tbe want of Important links In production can 
harm a country In her Industrial processes Is demon¬ 
strated In England, where the inadequate development 
or many auxiliary and vital Industries Una almost crip¬ 
pled some of tbs country's chief lines of manufacture. 
This, the g top pags of the German dyeatnff Import, 


which. In money, only represents nlmut a million sicr 
lli.g, threatens tile English textile Industry, the English 
wall-paper Industry, and many other branches, with a 
turn-over nf many millions. In the snuir way the ate 
seuee of rhenp German hnlf-flDtsbcd goods has deprteixl 
the English Iron Industry nf nn Imisirlnnt Intermediate 
link. Further, the slo|qiage of mining MiiiInt has 
gravely lncoureiilcneixl the collieries 

Industrially, Ihe long establish'*] and growing British 
principle of producing cntlrolv flulslusl gocsls, anil Im- 
|N>rtlng the raw nnd Inlermislbile products of great 
Industries, has proved Inferior to Ihe German method In 
llute of war. Tills hitter alms at n complete organism 
lion of an I'litlre niMiiiifaettirlng process In comprehen¬ 
sive works, which, si'imriifoly nr together, cover the 
entire series of iqiprtitloim needed. The Industrial ex- 
| mi listen or Germnnyr, iiltlinugh It Is much younger Ilian 
that of England, has lieon lnbl out on more systomalle 
lines, uml In sm h u way as In render rile country more 
IndeiM'iident of forelgii aid. ruder Ihe illlllciilt uml 
strenuous roiidlMoiis of war It has demonstrated the 
extreme value of system ami iiiutlusl. nnd the ndvnn 
luges which they confer on u niilloii when It Is cut off 
from the lands from which It draws its raw materials. 

The (iSoTemmenl to Certify Timepieces 

Tiir test and ccrllflcnllnn of watches, chronometers, 
nnd olbcr timepieces has ticca curried on for mnny years 
at Ihe Kew OtwcrvHtory In England, nt the Ih-snm-oii 
Observatory In Era nee, and at the observalorles of 
Genova and Noiielmlel In Kwllxerlnnd, hut no such tests 
have been inode for the piililtc In this country, except 
for a few years at Yale I’nlverslty mnny years ago 
This line of work Is now started nt the Bureau of 
Standards, ami ( Irculnr Xo. til, cnlllled "Misisnrcnicnt 
of Time uml Tests of Tliiiepli-ees," has Just been lssmsl 
giving the n<guhilions umler which tlie tests will Is- 
made, the methods employed, together with sections mi 
the use mid care of watches, anil on standard Hum ami 
tlio sources of n-llulile time standards with which one 
may make frequent comparisons of hla watrii This 
first edition of Ihe circular announces the regulations 
for the test and certification of watches only; the test 
of other timepieces will ho tnkeu up later. It Is ex¬ 
pected that, the tests will he cs|S-rinlly valuable In cases 
where watches are to he used for scientific purposes 
nr exploration, anil also to purchasers of high grade 
watches In giving them assurance that the wntch Is ran 
sonnbly adjusted amt In good condition nt the lime of 
tlie test. Toptcs of the elrenlar and also of the appli¬ 
cation blank may ls> nblntiicd upon request from (lie 
Bureau of Htandards, 'Washington, D. 0. 
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The Hydraulic Mining Cartridge* 

A Mechanical Device for Use Where Explosives Are Impossible 

By James Tonge, F.G.S. 


Tiik (lifTU-ulty of removing rook anil other material, 
in plnres whom the sliwk altnndaut upon blasting opera¬ 
tions would bo ilamaging and dangerous in surrounding 
"train or rouiiilHliiuiH, U ono which haa not hitherto boon 
thoroughly overcome. 

The enorniou" Initial power generated by the sudden 
du'uinpoeitiim of or plosive substances haa onalilod great 
quantities of nntural or artiflnlal beds to lie diaplaoed, 
and a great portion of the work of the civil and me¬ 
chanical engineer la involved either directly or Indirectly 
in operation* of thii kind. The objocllon to the uae of 
explosive*, however, in many (dreunutanoea, Is that tho 
effect uf blasting can seldom be harnossod or eontrollod 
so us to prevent the disintegration of the material be¬ 
yond tho area which it is desired to dislodge. In the case 
of many motalliferou* mines, anil sometimes of quarries, 
this is not a great drawback as it may not only be unneces¬ 
sary to limit the operation of the “shot,” but it may be 
actually desired In have the material In a pulverised 
coniUtion. Kvon in this nano, however, it should ho 
romamlwretl that this is nut an economical means uf 



Fig. 1—Operating the hydraulic cartridge In a 
coal mine. 


obtaining simh a result, for putvorizatiun by explosives 
involve* enormous waste of power as it usually represents 
great excess of explosive charge; in other words, the use 
of explosives must involve either the risk of accident 
through an insiifllent charge or tho production of mis¬ 
applied energy. 

It is fur the pur|Mi»e ef avoiding theee drawbacks and 
in order especially to take greater advantage of natural 
lines of cleavage or uf Isslding in llio material to be dls- 
lodged that efforts hove from Utnc U> time lioen mode to 
provide what may lie termed mere rational or Miicntiflo 
means in the shape of mechanical substitutes fur blasting 

Tile simplest form of mechanical means for breaking 
ground is, of course, llio wudge, anil this is used In vary¬ 
ing lengths and sha|ios, m metalliferous and in oual min¬ 
ing, in all tmrts of tho world Various improvements 
on the simple wedge lutve I men used at various times, 
vix., the s^uli and feather and the multiple wedge. The 
former consists of a steel "stub" or wedge driven in be¬ 
tween two tapered liners of steel eulled "feathers" which 
have their thin end near the front ef the hole. The 
multiple wedge Is pimped in a hole previously drilled and 
has liners also, hut n ]»ir of “feathers" may lm inserted 
between them, driven op as far os possible, and then a 
second or a third "fmlher" may be used until the rook 
or coal is broken down. In cool mines, special efforts 
havo been made to dcvlso mechanical wedges capable 
of breaking down coal, notably those invented by Bidder, 
Burnett, Shroeve and liall, and these have been used to 
a greater or loss extent In a few mines. In some of these 
the wedge was ilriven in by means of a screw and handle, 
like a hand drilling machine, and in one case by hydraulic 
|>nwur. 

These mnohiucH are not now in use and it may be taken 
Hint they have proved to lm impracticable. This is no 
doubt due to the great pressure put upon them, even 
under favorable conditions, and the difficulty of devlaing 
and supplying a hydraulic pump capable of working at 
high pnwmrc tor n considerable time. It muat also be 
rememlHTisI that a mivlianinal wedge must perform 
mere work Hum that required to wrest the rook or cool 
from its position, as a certain amount of power Is con¬ 
sumed in overcoming tkafriction of the side* of the wedge 
h* it is driven up. Again, it is a disadvantage to have 
the material nt the front of tho hole breaking away aa 
tha Wedge enters -the fuO weight of the falling material 
should, if possible, lm utilised to assiat the operation. 
With this object In view, machines hare bean designed 
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to operate at the back of the bole first, the wedge being 
drawn towards and not driven from the front. Except 
in the case of the simpler forms It may he Hid that no 
mechanical wedges are now being used with iucocas for 
excavating purposes of any kind. 

The Hydraulic Mining Corindgs.—The hydraulic min¬ 
ing cartridge differs from all other mechanical substitutes 
for blasting. It Is not worked on the principle of the 
wedge, and consequently the power expended in forcing 
a wedge Into the hole is saved. Instead of employing 



Fig. 1.—Sectional elevation of the hydraallc 
mining cartridge. 

a wedge, the disrupting effect Is obtained by means of a 
number of small rams or presses working at right angles 
I rum a strong cylinder of steel. (Fig. 1.) In order to 
make these rams more effective in their operation, by 
obtaining a greater travel from their original position, 
they are made of a duplex or telesooplo form, one part 
sliding and fitting upon the other (Fig. 2). In some 
cartridges these pistons operate from each side of the 
cylinder alternately, thus greatly increasing the travel. 
To retain the rams In position, a sliding plate is need 
fitting in grooves in the barrel (b Fig. 1); this Is so formed 
and secured that It la perfectly rigid and firm when the 
machine Is In operation, but is noddy removable if it 
is deaired to detach or replace any of the rams. By a 
suitable arrangement of passages (e Fig. 1) a communi¬ 
cation is made between oaeh of the rams, whereby simul¬ 
taneous action Is obtained. Machines are made of 
various diameters, vix., 2H inches, 3Vi Inches, and 4 
inches, and of various lengths, say with 8, 0 or 5 rams, the 
smalls diameters having the larger number of rams. 
Pressures of 3, 4, or 0 tons per square Inch are usual, 
so that machines are made to withstand great stresses. 

The Pump.—The cartridge Is operated by me a n s of a 
pump (Fig. 1) to which it is directly connected by a pipe 
(<*)• The pump Is of special design. At tha oommeooe- 
ment of the supply of water It is desirable that the 
latter should be supplied in such quantities as to fill up 
quickly all the spaces within the rams and passages, 
while at the same time allowing the operator, when the 
rams begin to more and the pissmirs (o Increase, to 
supply a lea quantity of water, bat at a greater pres sure , 
to complete the final operations of the rams. Tide is 


done by having the piston (s) operated by the piston 
rod (/) which passes through a supplementary or hollow 
rod (f) and has on appropriate handle for operating the 
piston within the pump cylinder. By these means the 
piston may be quickly reciprocated by the user moving 
the email handle until the desired quantity of water has 
been supplied or until the pressure to be exerted over the 
rod tf) Is beyond the power of the user, when the sup¬ 
plementary rod (j) may be brought into use to finish the 
operation, this advancing by screw motion, and great 
pressure bring obtainable in this way. 

Method of Working .—After the rock or coal has been 
prepared with one or more loose sides and the drill hole 
of 3 inches, 3M inches, or 4K Inches, has been drilled 
to a suitable depth (say three or more feet), tho cartridge 
is pushed In with liners If necessary. The water tank is 
filled and hung on the pipe, the rubber (notion pipe 
ooupled, and the taps turned. The small handle and 
than the large one are operated ax already described. 
The pressor* being fully on, tbs enormous power of the ap¬ 
paratus ti soon apparent, for the rock or coal is heard to 



Fig. 4.—Effect of hydraulic cartridge os rock In 


be rumbling and cracking. This Is allowed to oontiuuo 
until the breaks are of such a slxe that the mass can be 
pushed or pulled over and usually is in such condition 
as to be oaslly and safely bandied. 

Lifts of i*ul rssWonre.—It is easy to understand that 
when a shot is fired in reek or concrete, the direction of 
the breakago will be chlofiy In the Une of the weakest 
part. If the material is of uniform strength this direction 
would be a straight line from the explosive to the nearest 
unsupported edge. But stratified beds, seams of oool, 
and walls of stone or brick, are not usually of uniform 
strength; rock and cool beds contain breaks, cleats, and 
faces, while concrete bods are Invariably Irregular In 
constitution or structure. It follows, therefore, that the 
Line of least resistance is not necessarily the shortest lino 
from the charge to the surface. The difficulty and dan¬ 
ger of explosive firing it that whatever this line may he. 
It U not often poeelblo to make use of It; the pressure 
generated, though not equally effective, Is equally ap¬ 
plied in all directions owing to the instantaneous charac¬ 
ter of tho decomposition. This Involves high tempera¬ 
ture in the explosive gases, a large portion of the heat 
being ahsorbed and wasted in the portion* which are not 
capable of bring Mown down. When mechanical means 
are employed the time Involved In the operation allows 
the whole of the power to be exerted and applied in tho 
desired direction without waste of heat onorgy. Not 
only is power lost in beat energy In the oaae of explosive 
compounds, hut the result often proves that there has 
been oounter action whereby the reek displacement ti 
reduced through one line of force operating agatntt an¬ 
other, closing in or reducing the area of broken ground. 

In practice it is found possible so to arrange the hy¬ 
draulic cartridge bole* as to enable much greater areas of 
material to be moved than could be done with a sofp 
quantity of explosive, while in some oases the displace¬ 
ment has been greatly extended by the use of small- 
hlsed bore hake toward which the slmriy developing 
line of least resktanee can assert lterif. In other wards 
the power exerted by the rams can be controlled, after 
a little experience, so that the full pressure can be use¬ 
fully applied. 

Ute in Affnss.'-The appliance was originalty intro¬ 
duced Into mines In order to supply the acknowledged 
need of a different method for bringing down cool in 
mines in tbs best poadbk condition after It bad been un¬ 
dercut by head or maehfur. The use nf high oxpiprives 
for this purpose, apart from the ekment of dabgsr, has 
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always bean considered undesirable by mining expert*, 
because in "«i"g them eo*l 1* (bettered end we*ted end 
duet medo. Now that eoel he* to be won from greeter 
depth then formerly, end the distance* end ene* under¬ 
ground increeae, die danger* end extent of explod on 
bev* proportionately increased, *a many reeent colliery 
dine*ten have ehown. The mine* In which the cart¬ 
ridge' he* been chiefly adopted may be divided into two 
d ee m *: 

(a) Where the eoel i* no friable ea to render tho n*e of 
explodre* impossible for commercial reasons. 

(b) Where the condition of the mines in regard to gas, 



Plan. 

Fio. 5.—'Tumi Excavation. 



Kig. 6.—Trench exeavatlon. 


etc., renders shot firing an exceedingly dangerous pro¬ 
of course the question of cost enters very largely into 
the matter. A* is usually the ease when a new appliance 
is Introduced, its qualities are quickly estimated from the 
effects upon the working expense*. At a later stage it 
will be seen that Its effect upon the working cost is slight, 
while its general advantageous effect upon the selling 
pHoe of the coal Is quite striking. During the past ten 
years the appliance has been employed in miue* in Great 
Britain, the United States, Russia, Japan, Germany 
and Austria, 

In removing ooal a series of holes is drilled In tho top 
of the seam, adjoining and running parallel with the roof. 
Those holes are at Intervals determined by working con¬ 
dition*, usually from 6 feet to 10 feet apart and from 3 
feat to 5 feet deep. The operator begins at the first hols 
and pumps off each in succession, usually leaving tho 
supporting ipraga to be removed by tho collier, who fills 
the coal thus broken and prepare* tho coal behind for 
a repetition of this process. One operator can pump 
from 80 to 40 shot* per working shift of eight hours, 
using only one machine, which last* with repairs from 
three to four yean. This procedure is adopted where a 
large wall of coal ha* been opened out, and where the 
ooal la got in pillar* and heading* the process is some¬ 
what modified. The ooal across the face of the heading 
In undercut (almost universally now by a permissive 
machine operating from a fixed standard) nod a vertical 
dot or “shearing’’ is cut cp the center of the coal, thus 
providing a loose end. One bole on each side of the 
"shear” is than *uflWent to being down the coal. The 
bob* are pheed as user as practicable to the fast side 
in oidsr to bring tbo ooal down a* near tbs ”&*taomsr” 
'napeaiUfe. (Tig*. I and 4 show the cartridge in n*s 
landnm.) * 


Among the mince in which these machines are at 
present in o*e are the following: 

Colliery No. /.-—At this colliery an average of over 
1,000 explosive shot* per week were formerly fired in ooal 
in the various mines. By the introduction of the hy¬ 
draulic cartridge the whole of the exploitvo shots have 
been discarded and there is not now a single shot in coal 
in any seam. In one seam alone a total of 28,500 hy¬ 
draulic uartridge thrusts were made In one year, by which 
it is estimated that 02,026 tons of coal were produced, 
or about 3 K tons per thrust. The seam was 3 feet thick 
and four cartridge* were in daily use. 

Colliery No. t.—In a seam using five hydraulic cart¬ 
ridges 450 tons of ooal are produced per day, of which 76 
per cent is large ooal and 25 per cent small. When the 
coal in this seam was brought down by explosives the 
percentage of large coal was 05 per cent and the per¬ 
centage of small was 35 per cent. The avorage price 
of large coal was 13a., and of small ooal 7s. per ton. 
The profit obtained by the use of the cartridge* on this 
seam on 460 tons Is therefore £14 5s per day. Fifteen 
machines are employed at this colliery, making a total 
advantage over explosives of £42 15s. per day. More¬ 
over, an extra 6d. jier ton is obtained for the coal brought 
down with hydraulic cartridges, on aooount of its greater 
hardness and freedom from dust. 

XJu in Reservoirs, Uoekt, Harbort and Canute.—Tile 
operations in these places have all oertain features In 
common which allow of their being churned together, 
and they may be divided into three classes. 

(a) In open Tranches.— The difficulty of removing 
rook from confined spare* where it Is necessary that no 
shook or vibration should lie transmitted to surrounding 
strata is a very vital one. The introduction of the 
hydraulic cartridge into this class of work will, it is hoped, 
help to solve this question. During the past few years 
it has been thoroughly tested under most varied condi¬ 
tions and in all classes of dupoaili. 

Tho work in trenches usually proceeds as follows: A 
number of hole* are drilled (Fig. 6), say 2 feet 3 inchee 
back from the edge uf the rock, about 5 feet apart and 
3 feet to 5 feet deep, according to circumstances. The 
holes are, when possible, bored by a power drill operating 
from a tripod. By these moans suitable holes, of diam¬ 
eters up to about 6 inohos, can be quickly drilled. The 
oenter hole is pumped first and provides a loose end for 
those on each side. These are pumped In turn until the 
fast side is reached, where it may be found advisable 
to drill a small 1-1 nob diameter hole, say 9 inches from the 
fast side, to enable thH cartridge to break the rook as 
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Fig. 7.—Sxcavatisss of rack « the *M* «f a cuaL 


close to the fast side as possible. Sometimes tills method 
is varied by pumping off two center holes simultaneously 
and placing tho last holes 2 feet from the fast side, leaving 
out the small diameter holes. (Fig. 0.) In this case the 
holes could be 2 feet 6 inches from the front edge and < wo 
machines would lie required. 

Taking a trench 16 feel in width and holes 3 feet in 
depth, tho first method wuuhl necessitate throe cartridges 
and two 1-lnoh hole* to get 100 cubic feet id rook, wlnle 
the second method would require only four cartridge 
holes to remove 112 euMo feet. During tho (ijienttlon 
of the machine it is possible to see the rook slowly fractur¬ 
ing at each turn of the liandlc. Work of this character 
has been done by the cartridge in connection witli the 
Derwent Valley Water Works, and tlio Cwm Taff Reser¬ 
voir, Liverpool Corporation, and tesla are non being 
made for the Abertillory Water Scheme. 

(6) Under Wafer.— 1 Tlie appliance lias Isn-n used in 




Fig. 8.—Concrete bed excavation. 

many eases under water, cbiofly to remove rook, either 
from the sides of canals, or from the sides of harbors and 
docks, where it was obviously impossible to use explo¬ 
sives, the machine being operated from I ho bank or from 
pontoons. A typical case will serve to illustrate the 
suitability of the curtriilgo for this class of work. The 
rock to be removed was partly projecting from the side 
of the canal, and it was necessary not only to remove 
the mas* in tho water, but also that upon the hank, as 
shown ill Kig. 7. 

The rook was New Rod Handslonc and the depth to 
the bottom of the canal 18 feet. It was decided to re¬ 
move tho mass the full depth at one operation. A series 
of hole* was accordingly drilled 6 foot apart, 2 feet 4 
inches back from the edge, and 18 feet deep. Those 
were pumped off in succession and the oporulion of the 
cartridge at this depth siilfiecil to break tile rook rigid 
up to tho bank in nearly every ease. In one or two 
holes it was found necessary aftir operating in the bolt cm 
half to draw the machine up about 1) feet and ojicralo 
again. Daring the ojainttion divers were below water 
ascertaining the position and extent of the breaks and 
dlroollng the operator above as to how to continue the 
thrusts. The )>ortion shaded (Fig. 7) was removed by 
hand, and another series of holes was pul down 10 feel 
deep, 0 feet a|iart, and 2 feet 4 inches from the edge, to 
break up that portion of the rock to be removed. 

In the Alexandra Docks at Newport, and in the new 
dock at HwanBea, the appliance has been used to break 
up ledges of rock occurring in the vicinity of walls which 
would havo been damaged by tho use of explosives. The 
holes were put in and the cartridges inserted under water 
by divers and pressure was applied from the pump placed 
on a raft on the water. 

(c) Dork or Harbor Wallt .—Hydraulic machines have 
been used for some years at the Dover Harbor Works 
for the purpose of detaching the large concrete blocks 
used In tho harbor walls. These blocks are of gnul size 
and weight. By inserting tho drill hole along the bottom 
of the block and planing the cartridge about half-way 
under It, the whole mass la slightly lifted and tilted with¬ 
out breaking, and being thu* released front its bed is 
easily lifted on to a wagon by a orano. g ^Machines are 
being used for a similar purpoao hi other docks. 
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Nxrnvnlinn iif Founilatimo.- -Tile question <if the re¬ 
moval of Minereto foundation beds by a niulbod which 
would not involve explosive blasts and would avoid the 
slightest damage to machinery or buildings has been 
carefully studied recently liy the writer, and liail never 
lus-n thoroughly sol Mil until extended trials in all parts 
of the British Isles liad been made. 

Tlio efleet of isiwerful hydrmihe prussiim upon con¬ 
crete is interesting. In the case of sandstone and nlialca 
there is comparatively slight crushing of the rock I afore 
tlie full prusstireof the rams has the ctTeet of causing the 
mass to Is'ml; considerable pumping and consequent 
travel of the rams is then neciwsary Indore the rock 
Anally tsigius to eruck and lireak away; with eoiiereto, 
however, there Is usually a perceptible iulerval during 
wliieh the nuns are crushing or compressing the ma¬ 
terial and no movement is uuticeablc; after this is ac¬ 
complished a few more thrusts of the rams cause the 
whole mass to break up without uny indications of bend¬ 
ing. It may still bo necessary lo continue to apply 
pressure and lo increase the sire of the breaks in the mass, 
hut the grcabut shattering effort will havo lieen ao- 
comptishod at tbo first diselosuro of the cracks, the pres¬ 
sure required lo break the mass afterwards gradually 
diminishing. 

In such material, explosives invariably havo the effect 
of “hacking a way through" by the shortest direction 
to tlm unsupported edge (Fig. H), pulverising the mass 
but failing to take ad Mintage of pressure gently applied, 
by means of breaks winch spread and widen, and to 
utilise the weight of the concrete itself to increase the 
soope of the operation. Numerous oi|>uriiiumts in this 
class of work show that (10 to 70 eubie, font of concrete 
can <«sily be removed per thrust. 

The general pnsuxluru in attacking beds of eouorete 
limy lie divided thus: 

1. By v ertieal cartridge holes. 

2. By horizontal cartridge holes. 

1. tty I’rrUdU Cartridge Hole*. (Fig. 8.)—This method 
is most applicable to plaoes where power can bo easily 
olitaiiuxl to Isire the holes by trijiod and powor drills. 
The cartridge holes are drillod alsiut 3 feet deep and 2 
feet U inches Imek from the frout edge of the bed. It has 
Ihx'H found of groat advantage to dnll small diameter 
liolos 3 feet away and in lino, to wliieh the fracture will 
break. In this way a bod l/> fool wide oould be broken 
all across by two cartridges and two small diameter holes, 
amounting to 124 cubic feet of material. 

2. tty Horizontal Cartridge IIole$. (Fig. 0.)— In this 
ease tho holes would be 3 feet deep and made to lift 
3 feet of material per thrust, the vertical small diameter 
holm I King put in as before. Tim amount of material 
moved |mr thrust is 07 cubic fast. The effoct of lifting 
up is to break a larger quantity of material and in much 
larger pieces than 1* tho case with vertical holes. With 
the latter tho concrete is found to be very well broken 
up, and_ready for handling without the further use of 
tools. Horizontal holes, on the other hand, are mure 
suitable for beds where foundation bolts are embedded 
in tho concrete. 

There appears to be no elan of work so suitable for 
this machine as the removal of concrete beds. Tha 
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jial eleetrioity works the cartridge was used to mao vs 
the main engine room foundation bed. Within a radius 
of 40 yards from the scene of operations, many of them 
within the same building, were very valuable Isumashire 
and wator tube boilers, electrical and steam engines and 
tho main switch board and cables. Needless to say the 
work had to be carried out with as little vibration or 
shook as possible. Explosives were out of the question, 
and the ordinary method of hammer and wedge would 
havo proved an extremely long, tedious, and expensive 
process. The bed consisted of a solid mass 14 feet 8 inches 
wide. 28 feet long, and 10 feet deep, oomposed of hard 
nement concrete for the most part, and reinforced with 
numerous foundation bolts. 

It was considered unnecessary to install power drill* 
on the work and the hole* in consequence were drilled 
hy hand, The majority of these were horizontal and 
were put in by means of an ordinary twist drill and ratchet 
machine by two men. These men could drill fairly 
easily 3 feet per hour. One hydraulic cartridge only 
was employed, The general prooedure wis to keep the 
drillers at work putting in holes all round the side of 
the concrete, the machine following when two or more 
holes were ready. The holes were on an average 8 feet 
0 inches apart, and from 2 feet 6 inches to 3 feet below 
the surface in the case of horisontal lioles. The vertical 
holes wore drilled only in speoial plaoes to trim down the 
vertical edge, and In these oases the measurements worn 
about tlio same. The employment of shot hole* to form 
a breaking point was considered unneeeesary. (Fig 10 
is a photograph of one of the horizontal shots.) 

Tho debris thus broken was removed by a gang of 
six men who were kept busily erapluyed with pick and 
shovel, and wedges ware neoessary only to break up the 
larger pieces to a suitable size for handling. It was 
found that the amount of material broken up in the course 
of tbreo or four shots was quite suRInieut, in consoquence 
of the limited and cramped working ana, to keep the 
men busily employed for the rest of the day. Had it 
I icon possible to place more men on the bed, there is no 
reason why a much better output sluiuld not liave lieen 
attained, but In this ease it would havo lieen noecssary 
to break open tho wall in several places, which was not 
considered advisable. The whole lied, weighing a|i- 
pniximately 200 bins of concrete, was rumovod in twenty 
working days. About sixty shots were necessary to onm- 
pleto the work, making an average of nearly 3)4 tuns 
Ivor thrust. 

The cost of the work was os follows: 

Istlsir I Kir day, including opera¬ 
tor, drillers, navvies, and 
foreman .£2 15 0 

Amount of material removed — 

average 10 tons per day, ., 4 6 per ton. 

The above cases will bo sulfloionl to show that with 
a mechanical sulislilute for blasting capable of exerting 
a total pressure of 150 or 200 tons upon rook, coal, con¬ 
crete, masonry, etc., and in such manner as to cause no 
shook to the material In which it is operated, there 
should he possibilities of usefulness to engineen not 
previously contemplated. 

Replying lo tho discussion, the speaker said that on* 
speaker had referred to tho use of black powder for 
blasting salt ruck. That was really In line with the use 
of tho hydraulic maohino, whioh operated slowly and 
gradually. Tlie old-fashioned explosives had the very 
distinct advantage that, owing to the length of time 
required before the gases attained their full temperature 
and pressure, it was possible to got the power exerted 
in a more effective way. He thought that if it woe not 
for tho element of danger associated with black powder, 
all users of explosives would agree that the old-fashioned 
shiw-wurklng explosives had always been moat satis, 
factory. It was only carrying the principle a little 
further to apply it in tho form of hydraulic power. 

With regard to Mr. Jenkins' point, rotary drills had 
been used for making holes on many oooariona, and it 
liad been found that the diamond drill was quite satis- 
factory whan used at a hand machine. It was very 
neoessary to have a regular and smooth hole, and the 
diamond drill gave such a hole much better than any 
percussive drill oould possibly do. It appeared to him 
that it would also have the effect of greatly reducing 
tho amount of dust that would be made in the driWng 
of the hole, and not only would there be a smaller quan¬ 
tity of dust made, but that dust would be of ooarser 
texture. 

As to the driving of headings, he must ay that in 
ordinary tunneling he had not been entirety successful, 
chiefly because of the difficulty of obtaining a suitable 
drill for putting boles In saslty and quickly. It was not 
possible to blast from the solid. If tha rook waa to be 
broken with a loose end at *11, H waa n e ce ssa r y to be able 
to put In small holes readily and easily in various direa- 
tions. Having loosened 0M tide, there was thin no 
longer any difficulty. 

With regard tothaUmttoflfi0to200toaa,he Mo¬ 
tioned those amounts beeana* they *» spprwtaately 


udng the 3-toeh machine he gbit frith foil pressure on, 
about 120 tons. When using a 4-inoh machine he 
gacerally used about live pistons Instead of sight, and 
h* got 170 or 180 up to 200 tone premie with that 
particular else. There waa no limit. It was possible 
to Increase the preaure according to the laagth and slse 


Fig. 16 k—H ydraulic cartridg* used la a bad af 
esaereta. 

of the machine, but there would arise a liability for the 
cartridge to beoome bent. There was no bending of the 
cartridge if the sizes of tho machines used wen limited 
as at present, provided that a regular hole waa obtained. 
If the hole was not regular and smooth there would 
be the risk of some damage being done to the machine. 
He did not mean to say that them waa a danger of bond¬ 
ing tho machine after tho material had once been broken. 
When the back of the material waa broken there waa no 
danger to tho cartridge. Very few machines had been 
bent or damaged in any way. That was probably due 
to limiting the length of the cartridge to 20 Inches in 
the ease of eight-piston machines and a few inches leu 
in tha case of a five-ptaton machine. 

With regard to varying the intensity of the preuure, 
ho thought that that was hardly neoessary ao long as the 
holo was drilled sufficiently deep. H» did not like to 
havo the end of the cartridge anywhere near the end of 
the hole. It should be right in. As long as It was right 
in the hole there did not seem to be any advantage 
to be gained by varying the pressure. He got the cart¬ 
ridge right into the hole, and then it was not neoessary 
to make any change. Usually the pistons were out an 
equal distance throughout the full length of the cart¬ 
ridge, showing that the resistance had been the sunn 
throughout its length. 

ThejFlightXof s J Golf Ball 

Home Interesting statements concerning the flight of 
n golf bell were nude In a case heard by Mr. Justice 
Warrington In the Chancery Court The validity of the 
patent granted to William Taylor for bis golf ball was 
challenged by .Messrs. A, W. damage. Ltd., who claimed 
the revocation of the patent owned by Charles Stuart 
Oox and A, 0. Spalding A Bros., who made the golf boll 
under tha name of the THmple." In the specification 
of the patentee, he said his principal object waa to ob¬ 
tain better result* In the flight of the ball In the direc¬ 
tion of a sustained hanging flight, giving a flat trajec¬ 
tory, with ■ slight rising tendency toward tho end of 
the flight 

Prof. O. Vernon Bays said the form of the sorfaeo of 
the ball effected the flight very materially, and, from 
general experience, t smooth ball had been found not 
to be so good as one of which the surface bad besn 
roughed. The smooth ball had not an advantageous 
surface for getting a long travel. The character of 
nut rkin* which constituted Taylor’s Invention was an 
Inverted bramble pattern, and consisted of Isolated cavi¬ 
ties, circular, evenly distributed, shallow, and their 
sides steep. Prof. Boys said he found by experiments 
that this form of surface gave an extremely satisfac¬ 
tory flight Tha experiments consisted Ip driving the 
balls by means of a machine designed hy hlnmrif and 
Mr. Taylor, and Were carried out on'SoretaU Golf 
Course, on tha road to Chant wood Forest Ha did not 
And in the specifications of Willie Park and Farri*,’ on 
which Messrs. Carnage rolled, Taylor's term of eavltlaa. 

In croae- oxsml n a ti on ts to tha typical golf ban’s 
flight witnaaa said the ball more than counteracted the 
action of gravity. His Lordship: The golf bail dose 
not nptke s parabola? Prof. Bora: Not In tjM wt fa*rW 
degree; a good flight la vary Marly straight tor a km* 
time, and then gradually rbdng aad than remag g* 
Uwdritip, giving Judgment arid Oat tha main teatare . 
of the descriptive part of Taylor'S spadfieatlon waa Us 
ngMoasa H* bald that the patent failed, «atf the! 
there meat be an order ter tte nvoeatiok. A stay wu 
ffuted psaffing an kM-nm ffia «v** . 
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Snow Removal* 

Report of the Conference Held in Philadelphia, April, 1914 


Kaut in March, 1014, Mr. Morrlt L. Cooke, Director 
of ilw Department of Public Work*, Philadelphia, 
mote to a number of the leading eastern eitiea sug¬ 
gesting tiie need* of a conference on the subjeet of 
■now removal end pointed out, that in view of the very 
apparent laok of engineering method! generally em¬ 
ployed in a problem which so dearly calls for engineer¬ 
ing etudy, It might he profitable if those in charge of 
the matter of enow removal In the larger ottiee could be 
brought together, and that at least an approximation of 
a definite policy of now removal might result from such 
a meeting. The auggection met with each favor that a 
■now removal conference was held in Philadelphia on 
April 10 and 17,1014. 

A Committee on Resolutions, J. W. Paxton, chair¬ 
man, wa« appointed to eubmlt a report, which would 
be the mult of paper*, discussions and recommenda¬ 
tions made at this conference, and the oommittee make* 
the following report: 

The problem of enow removal must obviously be con¬ 
sidered differently in different cities as its solution is 
dependent upon suoh variable doinente ae climate, popu¬ 
lation, width of streets, density and character of traffic, 
location of sewer systems, available disposal places and 
other local conditions, to say nothing of the financial 
policy of the municipality. 

It would seem impossible to formulate anything but 
the most general suggestions, and yet it is found that 
even so vital a matter at the financial policy does not 
affect the main problem, exoept in the extent of the work. 

The work of snow removal is generally done by con¬ 
tract under the supervision of city officials, payment 
being made aoeording to the quantity removed as tallied 
by wagons hauling to the disposal dumps, the forces 
and equipment consisting of men with shovuls, homes 
and wagons. In some cities, scrapers and plows are 
used to push the snow to Ibe mdo of the street, relieving 
traffic and making It easy to pile, or to load without 
piling. 

Halt 1s generally and very extensively used for tho 
removal of snow in Liverpool, London, Paris and other 
European cities. The very general practice is to broad¬ 
cast coarse salt on tho streets during and immediately 
after a snow storm, and when the snow has been re- 
duood to slush by the action of the salt, the streets are 
flushed with water and tho slush washed down the 
•ewers; but In those cities they do not have very heavy 
■nows and it U doubtful whether it would bo practicable 
here where we have a muoh greater depth or snow. There 
is also a very serious objection to the use of salt by the 
Boeleties for Prevention of Cruelty to Animals and in 
some of the dties it is prohibited by ordinance. It is 
questionable whether the use of salt has been given a 
fab trial in this country for the removal of snow and 
there is Uttle doubt but that it would be useful in light 
snow storms. 

Muoh thought has been given to the design of appa¬ 
ratus for malting snow, and also, to apodal machinery 
for scraping, loading and transporting. Inventors, de¬ 
signers and manufacturer* should lie encouraged to 
continue in the endeavor to produce equipment which 
will render practical and efficient service, but the amount 
of snow Is so variable and the equipment la in use for 
suoh a short period of time that It Is desirable it be de¬ 
signed to bs useful for other work at different seasons 
of the year. 

The problem confronting the pubho officials is the 
removal of snow in the shortest time in suoh a manner 
an not to Interfere with traffle, and at a minimum cost. 
Therefore, using the method cf scraping, shoveling 
into trucks or carts and hanhng to dumps, the length 
of haul becomes a most important factor and it con 
readily bs seen that the utilisation of sewer manholes 
as dumps, and the sewer system to eairy the material 
to tits rims, la the moat eeonnmieal method which can 
bs deviled as it redness both the haul and the handling 
to a minimum. The authorities in ehazge of the sewer 
systems have, aa a gansnl thing, apprehensions regard¬ 
ing the use of the sewer aa a snow carrier. The Borough 
of Manhattan, Now Trek, Bureau of Sewer*, however, 
mode experiments during tbs winter of 1014 which seem 
to prove that, witiun certain limits, such apprehensions 
are flWoundsd. 

Ora sad chenrieal eombinations In the sewer* have 
Uttio effect m. the raw ct atelting. Two oubie yard* 
per wdfiuta is the mortmain rate at which now can 
be ahoveted into a K4neh manhole. Tidal sewer* eon 
only b* rasd to advantage when the tide is tow, in 
which egse the fitotfta of the ordinary eewer apply. 
Siphon wrings Can bs *ssd sa w*C is the ordinary type. 


flow in tho sower*, or where the flow doorcases or slope, 
the water plug may be opened in the drainage are* 
of the sewer above the manhole in use, until the vol¬ 
ume of water is sufficient to carry off tho snow, but 
it has been found that the most efficient use of water 
may be hod where water jets ore constructed in the 
manholes into which the snow is dumped. The problem 
of getting the material into the manholes in the leant 
time with the least interfere nee with traffic opens up a 
field for the consideration of a special form of manhole 
to be usod satirfaotorily for tins purjiose. Pittsburgh 
and 8t. Louis both use a special form of manhole. 

The oommittee gave further au account of the work 
of snow removal in the cities of Philadelphia, New 
York, Boston and Scranton, and also of tho Public 
Servioo lioilway of New Jersey, and the Pennsylvania 
Railroad Company, on which they bane the following 
conclusions: 

1st. The plan of organisation and the system to be 
employed should lie work'd nut in advance uf the snow 
season. This preliminary work should iavolvo: (a) a 
plan of oo-oiteration among all branches of tho muniri|ial 
government; (b) the formation of a skeleton organisation 
composed of all tlui available city forces, suoh ns engi¬ 
neers, insiieetors, time-keepers, lalierers nud teams; (r) 
the dtvisiun of tho city into senes and tho determiiuition 
of a definite method of work for each xonc. The various 
members of the organization should be assigned to these 
zones and the responsible officials familiarized with the 
duties expected of them. 

The character of work to bn |*>rformod in the different 
zones may nonsist merely of tlui regulation of opening 
cross-walks and gutters and otherwise generally assisting 
pedostrinu traffic and tho run-off of the snow, or it nmv 
consist ill the complete removal of the snow from the 
streets. Owing to the general increase in motor traffic 
and the concentration of business ill definite office dis¬ 
tricts and to the general public demand for IIMireMod 
urlian facilities, the present tendency is to inomisc tlui 
scope of tho work involving the complete removal of 
snow from oil main thnnmghfami and business streets. 

2nd. Removal work should commence as soon AS the 
snow has eoverod the pavements and Hie indications 
point to the stonu continuing, and should hi* carried 
on continuously. This as a principle is successfully 
followed by street railways and hy some cities. 

3rd. The dairying capacity of the sewer system 
should be utilized as far as possible. 

The use of tho sewers which reduces holh the haul 
and handling to a minimum involves two o|H>rations: 
namely, getting the material to the catch basins or man¬ 
holes, and then putting the material into the sowers. 
The first operation can best lie done by loading into 
wagons ur trucks and hauling to suitable manholes or by 
the use of scrapers or gTaders. The problem of getting 
the material into the manholes in the least time and with 
the least interference with traffic opens up a field for 
consideration of the question of special forms and s|nsiiol 
locations of manholes designid to be used solely for this 
purpose. 

The method of flushing the snow with fire hose into 
natch basins may have a limited application but it is 
too unreliable to havo any general value as it du|>cnds on 
weather conditions. 

4th. When practicable, where there is oidy a small 
area to be cleaned, the work shoidd In performed directly 
by the municipality by ilay lalwr. This method of 
operation is tho most fleiible and the most easily ad¬ 
ministered and it obviates the necessity of measure¬ 
ments suit obooking involved under the contract system. 
The work nan also lie performed by day labor in largo 
areas by adopting the following method: The depart¬ 
ment to advertise and go out into the open market and 
hire teams to haul Lhs snow for so much per yard, the 
price to be determined by tho department and to repre¬ 
sent a fair estimate of the cost of the work and a fair 
profit. This, of course, would throw the work open to 
anyone owning one team, or a hundred or a thousand or 
more trams, depending upon the amount of work to be 
performed, and would not leave tho department depen¬ 
dent upon any one or more contractor*. In this method, 
as well as when the work must bo performed by oontract 
system, a method of measurement as simple and Accurate 
aa possible should be used. The practicability of having 
work done by the municipality will depend among other 
things on the immediate availability of an appropriation. 
It Is essential for the proper conduct of tho work whether 
by day labor or contract that appropriation for snow 
removal should he mode in advance of neoesalty for the 
work. 

6th. Co-operation should be sought with the traction 
aomp—lta—d roe made of sdjuataMe plows and sweepers 


lltii. Effort should lie mode to olilaiu the co¬ 
don of tho public and to instruct the houselioli 
the method of lhe removal of snow from private JU 
in Bin'll a way as to lenst impede ihc city'» work, 
sidewalks are of greater width than would lie nivew 
handle tile reduced volume of iiedostrlun traffie, 
may be expueted after a heavy snow, the snow i 
of being entirely elenred from Hie sidewalk anil 
ill the roadway should lie left on the sidewalk in 


The police in partieidar should give 
oiiTureeineiiL of regulation governing tli 
from the sidewalks or from a iiortion 
In a written discussion Mr. J. T. Eel 
that Now York City lias tried ulmosl 


experience, control of oquipniuil ami res|Hinsil>ililv are 
tlui main factors to ho coimiPred. rather than the area 


1 nuns, for the assigiunent of contra 
The statement of general prinei 
committee's report would tie eluril 
separated into these divisions. (I 
street railway assigiuuents, (3) mm 


every reasonable coni 
of tile must suitable 
particular arcus, sin 
consideration. All i 
nailed in to assivt I 


I'liry covered by the assignment 
liis i»r snow rcniov al adaplisi to 
or districts uf the city under 
Lteipol departments should be 


As u general comment on the committee report, it is 
suggested Dial, if possible, engineers nr street cleaning 
officials should receive from au authoritative source, 
such as tile society, a summary of cnucliisiuus covering: 

(1) A statement as to what types of streets should lw 
clean'd of snow, and how far the nmuicipulily is junl iAikI 
in removing snow from minor thoroughfares nl public 


required to plane their services at the iIih;misuI of llio 
municipality al cost. 

(3) A compilation of snow statistics fur various parts 
of this country, and if possible a summary of attending 
weather conditions. 

Koch city must work out its own sulvation regarding 
snow removal and disposal met boils. The problem is so 
complicated hy uncertainty ns to weather conditions 
that no particular method is iunt tilted for all cities anil 
all conditions. 

E. D. Very,' in a writleu discussion, pointed out that 
an endeavor should Ikj mode to define tho extent to which 
snow removal shoidd lie carrind on in a municipality. 
This definition should not ho made in units of mileage 
ur uf Bquaro yardage but rather in terms of necessity. 
In this regard tlui financial policy so affects tho maid 
problem as to dosArve considerable study, as tho extent 
to which the work shall lie carried on dc|iciids largely 
upon the amount of money a municipality can afford 
to spend. This question must lx- answered ixforc wu 
may assume that the area to lie cleaned has keen de¬ 
cided upon and tho appropriation of money must lie 
predicated upon an understanding of the actual need m 
this regard. We should go further and discuss the 
manner in whleli funds for the work should lie raised. 
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It is suggesUxl tlrnt tlm tax for tuoh purpose should 
Ih> levied; a part by a general tax and a part by lax on 
property immediately benefited. Much a method would 
restrain the indiscriminate demand Tor unnecessary ser¬ 
vice for personal benefit. 

W. Golilsmilb 1 nulled attention to a statement in the 
report where mention is made of enlarging manholes 
for tho quick disposal uf suow. In tho Manlialtan ex- 
|H-rimcnt it was shown that two i-ulnc yards of snow per 
minute eon Im- shoveled into a 24-inch manhole and that 
2,500 nuhic yanls wen- dumped into ono sewer by means 
of throe manholes in an H-hour day. This seems to in¬ 
dicate tlial a 24-uich nianlioli- is large enough. Besides, 
the effect or an enlarged manhole on the |>avement must 
Ik! eonsiden-d, tho majority of defects in street surfaces 
liemg due hi manholes of one nature or another and it 
seems that the elimination rather than an Increase of 
iIumi enemies to pavements should la- striven for. 

K. Kingsley pointed out the fact that the same old 
i-arHtnd-horse methods for snow removal soom to bn 
iisoil that were adopted when (he problem became 
serious some 2t) years ago. It Ih interesting, however, 
to note the success of the snow-melting device on the 
Pennsylvania Itailmad. because the melting of snow 
seems to be the most likoly path along whlnh improve¬ 
ment can take place. 

Tho cost of fuel hi melt snow is only some 15 |ter cent 
of cost of handling It under present methods. The liasls 
for this is tlial a cubic yard of snuw us removed weighs 
approximately l,U0U pounds ami would require nlsiiit 
200,000 British thermal units h» reduce it to water, 
allowing a liberal margin ever the latent heat of ice. 

< 'nal at 14 per ton provides alioul 07,000 British Ihernud 
units for one cent in a |M-rf«-el furnace, or 27,(XXI British 
thermal units witli 40 is-r ei-iit furnace effteleile.v. At 
the latter rate the fui-i cost for melting would only l» 
7}i mints per cubic yard or 15 )H-r cent of llu- present 
apparent cost of liaiulling it. This iks-s not Itududc in¬ 
terest or labor eluirges but them- ought not to bo in¬ 
surmountable olislaides. 

The problem Is im-ullarly one tliat mechanical en¬ 
gineers should Isi aide hi solve. It appears to be largely 
a balancing of the cost of heating surface against interest 
charges, and 1 square fmit of heating surface can transmit 
heat (as demonstrated by existing locomotive Imllers) 
at an approximate rate of 20,01X1 British thermal units 
per square foot per hour. With less efficient, hut more 
rapid transmission, twine this rate does not seem im¬ 
possible. On this tiasis, apparatus capable of melting 
100 cubic yards of snow an hour would require 500 
square feet of heating surface. Certainly there is noth¬ 
ing ahnnnna! involved in the provision of heating sur- 
faeo bi such amounts as this. 

One hundred euluu yards of oompaoted snow appears 
to he equivalent to about 450 oubiu yards ur snow as it 
falls, anil In a H-inch snowfall this amount, would cover 
500 linear font of street. The subject obviously seems 
to bo ono that is worth consideration by tlw various 
cillos in the country, it would lie interesting to see 
some thoroughgoing experiments along this line. 

The Protection of Iron and Steel by Point Films* 

By Norman A. Dubois 

Tun theories of corrmlou of Iron mid steel which 
Imve received cniisldcratlcn nml which still seem to 
have lliclr defendem anil opismcni lire Interesting to 
mile. Tim eurlsnilc arid theory In brief requires the 
presence of cnrliiinli- nelil to stiirt eornsiliiii. Tho perox¬ 
ide llimiry Huppnm-* Hint hydrogen lsiroxlde Is formed 
In the pn-seini- of nmlsiiin- unit oxygen, mill that this 
hydrogen la-roxldc ennscs corrosion. The elnctrolytle 
theory assumes that Iron passes lute solution In water 
In the form of a ferrous ion before It cun oxldtxe. A 
more or li-ss complete illseiissluu of those theories may 
Is* found In Hie nirloiis Journals mid other pulillentliins. 
It Is not the purlsisc of this p»|s-r to discuss tliem. 

From Hu- sliiiidiNitiit of the ]silnt teehiiotoglst the 
priililmn Is Hull of finding the paint flint which will 
enable him to prelect the exposed surface of Iron and 
steel from Hie various rusting Influences for the longest 
IMMstlile lime. The theories of corrosion and numerous 
discussions of them Imve Is-en of inestimable value, and 
llu- projK-r Interpretation of tliem baa enabled the (mbit 
leehnologlst to Improve Ids paint film, l-et us briefly 
eonslder these theories from the standpoint In question. 

The cnrlKinlc iicld tla-ory requires tile presence of 
iurlsiiilc ueld that corrosion may proceed. In other 
words, considering ii paint film |irotM-rly amdlud over 
the surface of Iron and steel It requires that carbon 
dioxide shall imss through this film, and also that 
water, ell her ns such ur In the form of aqueous vapor, 
shall i hiss through the film, and tliere In conjunction 
with the cnrlnui dioxide react ns carbonic add. The 


Impervtouguesa of the paint dim to carbon dioxide gas 
and to aqueous vapor, then, la the vital quality boa 
the standpoint of this theory. The more Imperrlocs 
the paint film to the gaaea carbon dioxide and aqueous 
vapor, the longer it will protect the iron or steal from 
corroakm. 

The peroxide theory requires the formation of hydro¬ 
gen peroxide on the surface of the Iron or steel. Con¬ 
sidering a paint film properly applied over the sur¬ 
face of Iron or steel, therefore, this means that the less 
pervious the paint film is to the gases oxygen aud 
aqueous vapor, the smaller trill he the quantity of 
hydrogen peroxide formed on the surface of the Iron 
or steel, and tite longer It will protect the Iron or steel 
from corrosion. 

The electrolytic theory requires that Iron first pass 
Into solution In water as ferrous km, and that it la 
then acted upon by oxygen dissolved In tbs water or 
by carbon dioxide and water to form rust. Again con¬ 
sidering a paint film properly applied over Iron or steel 
this theory requires the presem-o of water In which the 
Iren may dissolve to form ferrous Ions. Obvlnasly, the 
only way the water can get to the Iron or steel Is to 
iwss through the |ialnt film, as such, or In the form of 
aqueous vapor. If we suppose the ferrous Ions have 
I icon formed, the action can go no further In the absence 
of an oxidising agent, presumably oxygen, which In 
turn must get through the paint film. The reasoning 
for the presence of oilier gsscs Is similar. We find, 
therefore, that for corrosion to proceed according to 
Hie electrolytic theory the gases, aqueous vapor, oxygen, 
or others mast pass through the paint film, and, as bi 
the other cases, the more Imiwrvlons the paint film to 
guses ami moisture, the longer It will protect the sur¬ 
face of the Iron or steel from corrosion. 

This Is but to conclude that the paint film which will 
serve for tile longest time as a protection to Iron or 
sleel against corrosion Is the one which Is the least 
pervious to aqueous vapor, the gnses oxygen and carbon 
dioxide, or in fact any gas In the surrounding atmos¬ 
phere which nny In any way reuse or accelerate corro¬ 
sion. 

If we assume the corrosion to be entirely dne to tin- 
deterioration of the iwlnt film rather than to Its per¬ 
meability to aqueous va|»r and other gases, the same 
conclusion holds, as the rate of deterioration will be 
liroportlnnal to the permeability of tbs pirn to the de¬ 
teriorating elements. 

The electrolytic theory of corrosion has given rise 
to a division of plgmonl* Into Uiree classes: corrosion 
accelerators, corrosion Inhibitor*, and Inerts. While 
tlu-HC pigments seem to give results ns predicted by 
Ihls theory In the presemv of an abundunre of water or 
when the Iron or steel is actually Immersed In water, 
It does hot necessarily follow that they will do so. 
to a like exteut at least, when Incorporated in a paint 
film where conditions are much different 

Assume, for Instance, that our paint film is sooie- 
wlial pervious to aqueous vapor and other gases. It 
billows that Just as much moisture may enter to tho Iron 
nr steel surface and perhaps give conditions under 
which the electrolytic theory may apply when outside 
i-ondll Ions ore damp, this moisture may also pass from 
the steel surface outward when ontsldc conditions are 
dry, and thns leave the steel surface dry, la which enae 
the electrolytic theory cannot imsslbly apply. As a 
matter of fact, the actual conditions existing on the 
surface henenth the point film, In most Instances, are 
«ery probably between the two extremes of somewhat 
damp and nearly dry, and this Is far from being cov¬ 
ered with an abundance of water at nil times, the con¬ 
ditions nnder which the electrolytic theory seems to 
work out well. This reasoning Is borne out by the fact 
that a piece of bright steel Immersed In water contain¬ 
ing a little xlnc chromate In suspension will remain 
bright )s-rhaps Indefinitely, while the same pigment In 
a paint film under ordinary conditions will not protect 
the steel in n like manner. 

Again, two paints composed of the same vehicle, hut 
the first containing a so-called corrosion accelerator 
only, painted on a steel surface In a locality of ordi¬ 
nary drynen will outlast to a great extent the second 
containing a rust lnhlhltlre pigment painted cm ■ steel 
surface In a locality habitually very damp. 

This reasoning seem* to Indicate and the evidence 
seems to hear out the cooclnslon that the problem of 
Iron aud steel preservation Is rather to be solved by- 
making our paint film as nearly impervious to gases 
as iswdhle than by trying to prevent corrosion by 
the addition of the so-called InhtblUve pigments. 

The problem la a physical one rather than a cbrenlret 
one, and a comparison of paint films as to their rela¬ 
tive obstruction to the diffusion of goqea will tall more 
regarding their value as protection against corrosion 
than a study of the lnhfldtlve actloe of their pigments. 
This 1* not to say that the Inhibit!** property of cer¬ 
tain pigments la not worth coualdaraUon, but tfe* te- 
perrloaoMM of tha flaw la of for fnotar tmportaoo*. , 


A New PiiMftr I dfw oy i 

Tax methods of constructing ropeways have b*c6 *o 
thoroughly perfected that large aumbafa have been 
Milt for the conveyance of both paeee n ge r i and mar- 
ohandles In various parts of the world and have proved 
entirely successful and mttsfkctory. A new Installment 
tbit has recently been put Into operation at Bomb, In 
Ctormany, la thus described: The way la 5,400 feet 
long, with a rise of 2,700 feet, the gratia being an aver¬ 
age inclination of 43 degrees. The up-and-down Unas 
are located 20 feel apart and each consists of two steel 
cables, 20 Inches apart, an which runs a four-wheel 
trolley. Tin- cars, of which there are two, each with a 
capacity of sixteen people, half Inside and half outside, 
are attached to theeo trolleys, and the two ears are 
connected by double cables operated by in electric 
motor located at the highest station. Tha current la 
tli-ilved from a central station, but there are battsrie* 
for use In an emergency, and hand gear 1* also fitted to 
Hie can, one Of which descends as tha other ascend*. 
Tills ropeway Is supimrtcd on steel towers, the highest 
one being 50 feet, wbllc the longest span betw e en towers 
Is 1^00 feet. 

W* wish to call attention to the Cut that we are In a 
ismltlon to render competent services In every branch 
of patent or trade-mark work. Our staff la composed 
of mechanical, electrical and chemical experts, thor¬ 
oughly trained to prepare and prosecute all patent ap¬ 
plications, Irrespective of the complex nature of the 
subject matter Involved, or of the specialised, technical, 
or scientific knowledge required therefor. 

We also have aseodataa throughout the world, who 
assist In the prosecution of patent and trade-mark *p- 
pHcaUuna glad• hi all countries foreign,to the United 
Slates. 
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The Relation of the Horse-Power to the Kilowatt' 

Reasons for the Adoption of an Absolute and Invariable Standard of Power 


1h> value of thi hone poser may be expressed 
either in gravitational or in absolute units of power 
f nnfum in ofti n n suit* when one equivalent is redused 
to the >tl i r uinin llu. gravitational units depend on the 
tone of gravity shi h varies from place to plane and 
the absolute units 1> not Thus tho usual gravita¬ 
tional value for the I nghah horse power 660 foot-pounds 
p<r a on I wlw n roduoed to watts gives a different num 
lx r ai >riling to tho value of the aooeleration of gnvlty 
i mplovod in the conversion and hi nit wo find diflon nt 
values in various ref on noe hooka of wlui h the following 
may be i itod 


Such confusion has arisen because there has been no 
amipted authoritative doflnitkm of the honw-powor 
When the hone-power is taken as a spot lfled number of 
watts it represents the same amount of power at all 
plant a But wht n the hone-power is taken as a spool fled 
number of foot ]iounds per second the amount of power 
represent! d by it vanes for different planes This is 
evldtint state the weight of a pound as a unit of foree, 
vanes in value as g the aooeloration of gravity vanes 
Thus srnoe g is greater for northern latitudes than for 
southern the foree represented by a definite number 
of pounds increases as one goes north This makes this 
mode of definition of the horso-powt r very unsatisfactory 
It is similar to a proposal once made to doflne the meter 
as tho length of the seconds pendulum No one would 
now consider sunoualy a unit of length whioh vanee at 
difft rent parts of the world Nevertheless units of 
foree having preoisoly that i haraoterlstie are in i ommon 
use at the present time The gravitational system of 
units oontem ah rat tho gravitational unit of foree and 
it III s ooidingly impossible to understand the sulijn t 
without (artful toimdoration of the pound and other 
gravitational units of force For the attainment of 
precise numemal relations tho value of g must also be 
can fully considered and authoritative data on this 
will bo giv« n below 

TUr POUND AS A UNIT OP PORI K 

The pound and the kilogramme are primarily units of 
mass It is eonvinunt to use tho f >roo of gravity upon 
masses to measure f irons so that units of the same names 
art u* d for fan e (or weight) as for mass The inherence 
of thi am oh ration of gravity in theso units of foree is 
often fotgotton and is thi < ause of so mo oonf usion Tho 
pound as a unit of foree has generally been used as a 
gravitational unit the nharaoteristio of the gravita¬ 
tional units being that their magnitudes vary with lo¬ 
cality as g vanes Thus a pound force is equal to the 
force of gravity on a pound mass at any plat e whore 
measurements happen to bo made The oiu advantage 
of the gravitational system is that a given mass exerts 
the same nut iter at pounds of force no matter what its 
kwation Rut by this mode of definition the magnitude 
of the pound force is not constant as it varies with g 
Aftwwnters on the othi r hand have defined the pound 
fane as a flxed unit taking it as equal to the force of 
gravity on a pound mass at somi one particular place - 
e g Pans or 45 dogreos latitude and soa level—thus 
destroying the gravitational i ham ter of the unit 

The unit of foree oan be made definite and flxed how 
ovt r without abolishing the gravitational system This 
is done by recognising the difference between the abso¬ 
lute and the gravitational pound by the use of the terms 
standard and local respectively The principle 
involved is that contained in the definition of standard 
weight bv the International Conference on Weights 
and Measures in 1901 The statement 1 by the oonferenoe 
is given herewith 

The term weight designate* a quantity of the same 
nature as a force the weight of a body is the produet 
of the mass of that body by tho acceleration of gravity 
in partu ular the standard weight of a body is the pro- 
duet of the mast of that body by the standard accelera¬ 
tion of gravity 

The number adopted in the International Borneo 
of Weights and Measures for the value of the standard 
aooeleration of gravity is 980005 cubw centimeters per 

By analogy with standard weight tha standard 


pound foree may be defined as oqual to the force tf 
gravity on a pound mam at a place where g has the 
standard value 980 066 cubic oentimetesn per second 
per second or 32 1740 feet per seoond per eeoond like¬ 
wise the local pound force in any given locahty may be 
di fined as oqual to the foree of gravity on a pound mass 
in that givon locahty Similar definitions apply to the 
terms standard kilogramme fane and loeal kilo¬ 
gramme foree In specifying a foree in local mute it 
is desirable to give the location of the place by suoh ex 
prosnons e g as London pounds New York kilo¬ 
grammes local kilogrammes (j-981 X) etc This 
application of the twins standard and loeal to the 
i ommon units of foree was proposed by Prof E V 
Huntington of Harvard Umvr™ty and la followed m 

this circular 

The words pound and kilogramme ’ used alone as 
units of foree are ambiguous When so used the loeal 
uni t must usually be understood This has been the 
usual sense of the terms as used in the past Such an 
interpretation is clearly implied m the analogous state¬ 
ment on weight by the international conference above 
Writers cartful enough to use standard pounds or kilo 
grammis may be expnted U> use the word standard 
explicitly while those who use pound without think¬ 
ing how it is di fined will naturally employ the local unit 

Tho tarns here given are readily extended to derived 
units based upon the units of force Thus definitions 
follow at once for standard foot-pound loeal foot¬ 
pound standard kilogramme motor etc 

TB* VALUB or TH* ACCNLXBATXON OF ONAVITT 

The standard value of g 080 066 oubro centimeters per 
seoond per seoond was originally intended to represent 
the latitude of 46 degrees and sea level It has been 
widely used as a standard value tat barometric reduc¬ 
tions etc since 1901 and there Is no reason whv it 
should not continue in use as a standard value although 
tho accepted theoretic si value for 46 degrees and sea 
level is now a few parts in 100 000 different The exact 
value obtained for 46 degrees and sea level vanes with 
the gravity observations utilised and also with the theory 
adopted for the anomalies or departures of the ob 
served values of gravity for any particular stations from 
the values c aJculated by a general formula It is gener 
ally oonneded to bo better to retain a oertain value as 
standard rather than to eorreot it from tuna to time to 
make it agree with a theoretical location The value 
980 006 is the result of a calculation made by the In 
lematimal Committee on Weights and Measures* from 
Defforgea absolute determination* of g at the Interna 
tional Bureau in 1888 

In calculating the equivalent of the home-power in 
various units for different latitudes the f Blowing formula 
is used 

0-978 038 (1+0 006 302 sin* 4-0 000 007 sin* 2*) 
where 4 is tho latitude Thu formula* Is aooopted by 
the United States Coast and Geodetic Survey and is 
the result of observations all over the United States with 
Ilayford s corrections for isostatie compensation It 
is referred to the absolute determination of g at Potsdam 
about 11)00 The theoretical values given by this for 
mula will not in general agree exactly with the actual 
values at any particular plane because of the loeal 
anomalies caused by topography etc The depar 
tuns are in general only a few parts in 100,000 As this 
formula does not give »-98OO06 for 4-46 degress the 
point is onoe more emphasised that 980 006 is an in 
dspandent standard value not precisely related to a 
fixed locahty 

raACTICAL NMD FOB AN 1NVAN1ABIN UNIT OF Fowls 

Power is very commonly measured with oonsderable 
precision and heaoe It Is important that the magnitude 
of the unit should not vary from plaee to plaoe From 
the standpoint of metrology the de fini ti on of any unit 
should be rigorous and free from ambiguity The nsoee- 
sity for a precise definition exists at the preaent tame in 
engineering pnetieo When extensive research Is being 
made upon steam turbine* when teets are mad* care¬ 
fully and result* an interpreted minutely then should 
he no uncertainty in the unite used 

A precise definition 1* dasuable even m the eosuaeree 
of to-day Mi s un d erstandings might me over the 
acceptance or rejection of an engine under test bsea a ae 
of the definition of the unit of power If the power 
delivered by tha engine is measured by the ute of a brake 
with weights the numb® of foot-pound* per second 
obeerved would be greater, far example, at Now Orl ea ns 
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than at New York some the force exerted by tha weight* 
ii different for different latitude* and altitude* Ooe-. 
sequently if the hone-powsr is defined as a definite 
number of foot-pounds per second the same at all places 
it is poswble that tin engine might be aooaptod if the 
test were made atiNew Orleans and rejected if the teat 
were made at New York Three remarks also apply 
to the ease of testing an engine when the foree w measured 
by a dynamometer or an mdieator as well as when meas¬ 
ured directly by weights If tha springs were all stan¬ 
dardised at thi same plaee then the variation at the 
foree of gravity would not enter tha problem How¬ 
ever the elasticity of springs vanes with temperature, 
etc and hence in tho making of an accurate tret tits 
spring is calibrated by weights at the time and place 
of the test Consequently In any ease the variation 
of the foroe of gravity with looahty must be oonsidared 
in interpreting the results of a tret The difference* 
here discussed are lees than 1 per sent and greater 
error* than this would be introduced m any praetieal 
case by variation in the luhnoation in the measurement 
of power and in the quality of steam Neverthalrea 
the mean of a eerie* of test* would be token re the 
performance of an engine and if tins figure were just 
on the margin of tolerance an uneertaui definition of the 
horse-power might cause misunderstandings No such 
oonfusion is possible if the horse-power is defined in rah 
a way as to always repreeent the same amoqnfiof power 
On aceount of the variation with, sf Btfd beoousQ the 
equivalents of the horse-power are not decimal multiple* 
of any of the fundamental unite and, further because 
its definition and value are different on the Continent 
of Europe from its definition and value in England and 
Amenoa it has long been felt that the horse power is an 
unsuitable unit for many purposes Modem engineering 
prartioe is constantly tending away from the hone- 
power and toward the watt and kilowatt In Germany 
it has boon proposed to call the kilowatt Naupfcrd 
(new horse-power) to make its use appeal more strongly 
to those who have booome firmly attached to the horse¬ 
power The objection to the hone-power has been 
particularly strong m electrical engineering The In¬ 
ternational Congress ot Ekwtinmans at Paris in 1889 
rooomnu nded that the power of machines be e x p re sse d 
in kilowatt* instead of m horse-power A more definite 
and powerful action with a view to the elimination of 
the horw power was taken by the International Electro- 
texhmool Commission at Turin Italy, in 1911 This 
body oompoeed of the representatives of great electrical 
interests all over the world recommended that in all 
countries electrical machinery including motors, be 
rated in kilowatts only 

BIBTOBIOAL 

Tha term horee-powar as a measure of the activity 
of machinery was introduced* by Thomas Savory the 
inventor of ad early type of steam eigine The earliest 
application of the steam engine was in tha pnmpingof 
water from mutes work which had formerly been done 
by hones Savory in his Afuuri friend page 29 In the 
year 1702 says that an engine which will raise as much 

of hours will do the work or labor of about 10 hones 
suioa relays of hones moat be used to keep the work 
going continuously suoh an engine then he nailed a 

James Watt trim la generally known as the in von tor 
of the modern steam engine, adopted* tin tern horac- 
pown as a unit for exprammg the powrr of his steam 
engine and defined its value in gravitational units vlr 
foot-pounds per minute The magnitude of Watts 
horse-power was, however six or sight times ss gnat 
as Savsry ■ The value* was derived from experiments 
made under tbs direction dt Walt and Boulton, Ms 
business partner, about the year 1779 
Some heavy home of Barclay 4 Maas’s tommy. 
Lond on were caused to rales a weight tram tbs bottom 
at a deep well by pelUag horiaonteBy on a rope psalm 
over a pulley It whs found that a hen* mid tabs a 
o' 100 pounds White walking at the rate of 39 
mite* pre hour This b equtohmt to 3M00 foot¬ 
pounds per minute Watt added 90 pm rent to this 
vatae, filing 33,000 footepeonda per minute, «r 960 
foot-pound* per second. The addition of SO pw seal 
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ml an ahowaaoe made tor frietloa, so that a purchaser 
of dm of hi* engines might have no ground for complaint. 
The figure thus arrived at by Watt ii admitted to be 
in sosaas of the power of an event® hone for eontinuoui 
work, and ti probably at leaet twice the power of the 
averate hone working six hour* per day. 

Sines the time of Watt hie value baa been in general 
oat in England and the United Staten, and 5JO foot¬ 
pound! per second ii known aa the English hone-power. 
A* the use of the eteam engine ipread from England 
into other coon trie* the value of the hone-power wae 
translated into the unlta of the varioui oountriee; that 
ia, sines the foot and pound had different value* in the 
different oountriee, the number of foot-pound* in a 
hone- p ower neoaassrily varied. These value* were given 
to the nearest round number, and hence the equivalence 
to the English hone-power waa only approximate, the 
value averaging about 1 per eent mailer. Henee arose 
the discrepancies shown in Table I. 

After the metric «y*tem had oome into use in Franco, 
Om many and Austria the values of the hone-power in 
the various oountriee were reduced to kilogramme-meter* 
per aeootgl, with the results shown in the table. The 
values range from 75 to 70 kilogramme-meter* per eeoond, 
avenging only a little more than 75. Henoe, this round 
value, 75, ha* been adopted generally on the Continent 
as the value of the hone-power. 

The English value, 650 foot-pounds per second, is. 
howevtr, equivalent to 79.041 kilogramme-meters pur 
second, and hence It is that there is a difference of nearly 
1 6 per eent between the value generally used in English 
and Amerlean practice and that used in continental 
practice. Reduced to watts, the English horse-powor 
is generally token as 746 watU, although the precise 
equivalent, in watts, of 680 foot-pounds per second de¬ 
pends on the acceleration of gravity, and henoe on l ho 
iatit nd* and altitude. This Is dimmed fully below. 

It is unfortunate that the value of the horse-power 
on the Continent of Europe was not token as 79 kilo¬ 
gramme-meters per teoond instead of 76, in order that 
it might agree with the English value, as was originally 
Intended. It it perhaps unlikely that a change to 76 
eould now be made, or that an agreement could be 
reached by which the continental and the English horee- 
power would correspond to the same number of watts. 
It la to some extent customary for continental writers 
to distinguish the tsvo horse-power* by the word* 
“English” and “meWo." We shall call the latter the 
“continental horse-power." Thus, German writer* speak 
of the “ Engilaohe Pferdsstteke” and the “metrische 
Pfcrdestlrke.” The term "PferdestArke" is now the 
prtferred name for the horse-power in Germany, the 
old tom “Pferdekraft” being unsuitable beoauee “Kreft’’ 
meapa “focee." Btmilarly, in France, the old term 
“fonjirdio Dhirrei" has been given up for “oheval-vapeur.” 
Thar* (a another unit of power which ha* been used in 
Europe, the “ponoelst," or 100 kilogramme-meters per 
This unit wae named in honor of Joan Victor 
Poaadat, who introduced the teaohlng of kinematic* 
at the Sorboane in 1838. This unit was adopted m 
France shortly bsfore 1845. according to O. F. Paschal.* 
It was adopted as a unit of power in 1888 by the "Congrts 
international da mtohanlque appliqufle." Its use is 
stiff remitted In the electrical regulations issued by the 
“Aasoriatton alaarienne dss Proprifltaire* d’AppAreils 


nsaettes. 1 ' Thh is probably due in part to the fact that 
the lusts i>n an had so firm a hold as the unit of power, 

tolht SwSt! , “l^Sd^SSTto the am oh- 
leetiM as the hone-power when tbs latter is rigidly 
Mm4 m a rertefawuul* of footpounds or Idlo- 
gminme sastm per seeosid, via., that the power It re- 
prreekfli varies from ptaoa te _ 
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■quiviuim or to maun and amwucan uoui- 
rowrnu 

It is poerible to define the h o rse-p o sr ar in such a way 
that the value determined by James Watt will be con¬ 
tinued and yet the unit will rep re se n t its msw rai* at ail 
placet. The convenient and frequently used equivalent, 
748 watts, happens to be equal to the rate of work ex¬ 
pressed by 550 Local foot-pounds per second at SO degrees 
latitude and tea lad, nearly the latitude of London, 
where Watt’s original experiments to determine the 
hom-power were made. The horse-power is therefore 
taken to be equal to the definite amount of power, 740 
watts, and in oonsequence the number of foot-pounds 
per second corresponding to 1 horse-power vanes with 
the value of g, The number of standard 11 fool-pounds 
per second in a horse-power - 550.32. The same rate 
of work Is expressed by a larger number of foot-pounds 
per second in lower latitudes and higher altitudes, where 
the force of gravity is less, and by a smaller number of 
foot-pounds per soeond in higher latitudes where tho 
foroe of gravity is greater. Table 2 gives the number 
of foot-pounds per seoond in a homo-power at various 
latitudes and altitudes. The value of g at sea level Is 
obtained from the formula previously given. The 
change with altitude is calculated from (he correction 
to the value of g, vis., -0.000192 per meter elevation. 
The number given in the table for 45 degrees and sea 
level is 650.24; the fact that it differs from the numlier 
of "standard” foot-pounds per second, above, empha¬ 
size* again the fact that the standard valuu of g duos not 
correspond quite exaotly to 46 degrees and sea level. 



The foregoing table may be put in the following ap¬ 
proximate form for ease of remembering: 



Tho value of tho English horse-power may also be 
given in metric units for various latitude* and altitudei, 
as follows: 
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proper value of the horse-powor in gravitation measure 
(either foot-pounds or kilogramme-meter* per second) 
for any latitude and altitude. 

KQDlVALINTfl Of THE CONT1NBNTAt, BORHB-FOWIB. 

The continental horse-power is generally given either 
aa 75 kilogramme-meter* per seoond or as 730 watts. 
These two equivalents are independent definitions and 
are likely to cause oonfuskm unlta one of them is as¬ 
signed to some definite plaoe on the earth’s surface. As 
pointed out In the preceding sections of this circular, 
the unit, to be definite, should represent the same rate 
of work at all places. The continental horse-power, 
then, should be token as 730 watts, which is equivalent 
to 75 local Idlogramma-meters per second at latitude 52 
degrees 30 minutes, or Berlin. The number of kilo¬ 
gramme-meters per seoond expresring this amount of 
power will be smaller than 75 at more northern latitude* 
and larger at lower latitudes. The value* at venous 
latitudes at sea level ere given in Table 5: 
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» Tbs TsteM gtna Is team tabks eugsreeds these gtren la the 
in* sdtoea of ttfc sweater, wtata sms oshu l stta from s tethUy 
cUfcrspt v ste at *■ Tto eq ahmlmt sssd la tol* cheater tor Ihe 
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CONCLUSIONS. 

It is considered desirable that the watt and kilo watt 
be used as the unite of power, whenever poerible, for all 
kinds of scientific, engineering, and other work It is 
not unlikely that the unit of horse-power will ultimately 
go out of use. In the meantime, however, it is desirable 
that its definition be uniform. This circular ha* been 
wmtten to point out that if the horse-power ia to represent 
tht tame amount of power at different placet its relation 
to the watt must be a constant number, and the number 
of local foot-pounds or kilogramme-meters per second 
whioh it represent* must vary from place to place. Table 
2 and others of this olroular show clearly this variation 
with loaalily. 

It might be feared that some confusion oould an*e 
because of the independent definitions of the meohauical 
watt and the "mternationar electrical watt. The wait 
and kilowatt are deflnod primarily in purely mechanical 
terms, and not electrically at all. That they have been 
used mainly in eleotro-toohnieal work Is merely accidental 
and Is due to the fact that they are metric unite and so 
fit in naturally with the motric units in whioh all elec¬ 
trical quantities are universally expressed. Any kind 
of power may properly be measured in kilowatts. For 
example, m the case of tho hydraulic power furnished by 
a flowing stream, the power is given in kilowatts by 
multiplying 0.163 into the product of tho head in meter* 
by the flow in oubio meters per minute; the power is 
likewiso given in kilowatts hy multiplying 0.0001R8 into 
the product of tho head in feet by the flow in gallons per 
minute. The watt is deflnod directly in term* of tho 
fundamental units of mass, length, and time, in tho 
“metnr-kilogramme-eecond’’ system, Ihua; "Tho watt is 
the power developed by the action, with a velocity of 

1 meter per second, of a foroe capable of giving to a mu* 
of 1 kilogramme In one second a velocity of 1 meter per 
second." The "international watt,” however, is defined 
in term* of runorete electrical standards, whioh electrical 
standards represent practically, as nearly as the limita¬ 
tions of experiment allow, tho absolute electrical quanti¬ 
ties in terms of their theoretical relations to length, mass, 
and tune. Tho international watt thus defined is the 
closest concrete realization of the theoretical absolute 
or mechanical watt which we have. We can not at the 
present tune say whether the international watt is greater 
or lew than the absolute or mechanical watt, but the 
difTereni e i* probably not greater than a few parts in 
10,000. Consequently, there is in reality no confusion 
between the mechanical watt and the international 

electrical watt. 

It is renommended that engineering societies and other 
interests oonoerned rooognue the value of the “English 
and American horse-power” as 748 watts (or 550 foot¬ 
pounds per second at 60 degree* latitude and sea level, 
approximately the latitudo of London), employing Table 

2 to obtain the value in foot-pounds per second at other 
places. It is likewise recommended that the value of 
tho "continental horse-power” be taken uniformly as 
739 watts (or 76 kilogramme-meters per seoond at 
latitude 52 degrees 30 minutes, the latitude of Berlin), 
and that the value in kilogramme-meters per second 
at other places be obtained from such a table as Table 5 
of this circular. 

It is probably not generally known that those values 
were adopted by a committee of the British Association 
for tho Advancement of Science in 1M73. This was a 
committee whioh rooommended the ogs system, and on 
It were Sir W. Thomson, Carey Foster, Clerk Maxwell, 
J. D. Everett, and others (B. A. Report 1373, p, 222). 
The oommlltee In its report said: “One bone-power is 
about three-fourths of an erg-ten per second. More 
nearly, it if 7 40 erg-nines per second, and one foree-do- 
ohoval is 7.30 erg-mnea per soeond.” (One erg-nine - 
100 watts). 

The Standards Committee of the American Institute 
of Electrical Engineers adopted, on May 10th, 1911, the 
following rule, which was inserted in the Standardisation 
Rule* of the Institute: 

"In view of the fact that a horso-power defined as 
650 foot-pounds per seoond represents a power which 
varies slightly with the latitude and altitude (from 743 £ 
to 747.0 watts), and alio in view of the fact that different 
authorities differ as to the precise value of the horse¬ 
power m watte, the standard* oommittee has adopted 
746 watts as the value of the hone-power. The number 
of foot-pounds per seoond to be taken a* 1 horse-power 
is, therefore, such a value at any given plaoe aa ia eqid va¬ 
lent to 746 watts; the number varies from 562 to 640 
foot-pounds per teoond, being 560 at 50 degree* latitudo 
(London), and 560.5 at Washington. The Standards 
Committee, however, recommends that the kilowatt in¬ 
stead of the horse-power be used generally aa tho unit 
of power.” 

The same value, 740 watte, la used by the Bureau of 
Standards as the exact equivalent of tho English and 
American horse-power. The Bureau reoommends the 
use, whenever possible, of the kilowatt instead of tho 
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The Rural School and the Hookworm Disease' • 

The Greatest Medium for the Spread of the Infection and the Most Important Protective Agency 

iNTifcli) 1 H Itofol ation in the United Statre children may by this time be a httle pals tad pony (ran Oread toother Itahu phyri**® tho *gp <* 

and particularly in the Southern State* where the the dieeaee but they etart to aehoot this worm hi the feoee <E Hadi patieett, IS VJd M** 

prepunderenoo of rural population haa retarded oom The aehool may be hi a progrronve oonunnnity the peeled that the panaris waa the mem of % p E b*l- 
mumly eonlnl of sanitation realization of the health honee may be painted and funuihed with patent dealt* About the bum that Dr Ooioadatti rtadyiag hi ob- 
htaii of edu atiou hai lent alow Education in the and perhaps It haa Hound a creditable library Good icurs disease which had aausedthadaaihofmanywufh- 
south has ad van od rapidly ainre the Civil War and more hrotma have been prodded the light ootnea from the nan on the Bt. Gethard Trand, ffiaeovsted fa the ia- 
reoeatly Lh« rural aohooli have bad their chare in progma rear and over the left ahoukkn of the pupfli pa rh a p a taatzne of ona of the tttmal TtetfoM non than MQO 
Yet in this development the emphasis haa persistently there la a driven well to aupply water but there will be hookwonna 

beta on the school an 1 the teacher rather than on the no bubbhng drinking fountain Wont of all no pnvy Thu panaite known ee the Old World hOokwte>n 
children to be edu a ted Only recently have educator* haa bean prowled The puptla not having a privy at and named Aahyteatem duodmait wae eeeWaPy stafiad 
turned theu attention to the physical ondition of the hrme do not thmk of having one at Mhoot especially ita reapoMtbtUty for certain type* of aaamfc In rti Blh f 
avenge aohool child ai d in the eouth they have done ainoe the wood* and undergrowth are near the aehool Europe demonstrated. end eoeeeeaful tre a t ment fer Em 
ao largely beeauao of the discovery of the enormoualy houae The Smith ehildren do not know they are m diaeaae developed The preva tece* of hoOhwcHU fktw 
important part played by hookworm and alUed diseeaea footed they uaa the oommon hiding grounde with the in the New World tree not, however, reeognined ES 
u educational progress or laek of progrew Hookworm other ohildren Boon the whole aohool ground* an ao muah later On November 94th, IBM Met BafleV X 
diaeaae n Ina aenae a apeeial problem but it m a ipeoiaJ heavily polluted that on damp day* every pujfl who Aahford of the United Btatae Army M edical Oorpa, 
problem of *uoh magnitude aflei ling *o large a Motion goee around barefooted will contract ground lteh while treating ane mia wppoeedly due to rtmEo* 

of our eo intoy ae to be a prutlui i of grave national and moreover thoee who play ball marblaa mumble- oauaed by the hurrioaae la Proto Rteo Identified Hie 

oonoern the-peg etc get their hand* infected Facilities for hookworm aa the real «HHe of the widespread i H e ee e e 

Hookworm diaeaae u ono of the moat prevalent moat waahtng the haadi are not available ao at luneh tone He however anppoeed the panaite found bp him to 
insidiously harmf il an 1 moat completely preventable they handle then 1 food with toiled h a nd a which are be the Old World type In 1903 Dr O W Btftae, ef 
dlaeaeea known to man It eauaea human aullenng and likely to be contaminated the United Stats* Pnbtte Health Service, having (bund 

eoonomlo waate altogether out of j ruportion to ita op- In tl la way the pupil* at arh ml become Infected with the tame diaeaae in the aoutbare itatea Identified ita 



An Arkansas dispensary Mlcreweoplet an laid work la Gaergla 


parent death rate Many ilia that have been attributed 
to mental and moral weakness of whole bodies of people 
are n w defln tely known to be d e to thli infeotion 
and curable with It* cure lie end eat n la one of the 
moat important and preanng problems before the peoplo 
of the southern 1 alf of the United Btatea and of other 
semi tropical and tropical land* Moreover the pro¬ 
gress wbwh haa boon made m recent yean completely 
demonstrate* at once the vast benefit both in term* of 
1 uman happ new and industrial efficiency attendant on 
the stamping out of the d seam and also the complete 
adequacy m stomping It out of perfectly simple pre¬ 
cautions pres nbod by the moat primary rules of health 
and even of common deoenoy There is probably no 
other diaeaae which is so well understood in every detail 
and which can be ao aabafaetonly explained to a layman 
Nor a there any other widely prevalent diaeaae against 
which the lay community can ao readily and surely 
protect itself by simple precautions Its conquest vir 
tuslly resolves itself into a problem of poj ular education 
against soil pollution 

In combating hookworm d is ea s e it has been found that 
tho rural school is the greatest medium for the spread 
of the inf ecu n and the most important protective agency 
against t In some schools mvaatigated tbs infec¬ 
tion haa beam found to be 100 per cent—the teacher and 


the school as aa exchange In a comparatively short 
time the premise* around tha homes of tU the school 
ohildren are polluted and we have the change which 
anemia produces coming over the community Pro¬ 
gress of the ohildren In school is retarded the dally at¬ 
tendance is poor tha health of tha eammunity a be¬ 
low normal the crops are not so well cultivated there la 
a general backward tendsney Tbs bouses are not so 
well provided for or kept the whole community is 
■Ink and doean t know it tha soonomk lots Is tremen 
doua 

It u through tha rural aehool whsnoe the lnTeetl n 
haa come that the remedy must also oome The meas¬ 
ures necessary for permanent control of hookworm dis¬ 
ease are health supervision heal t h instruction and 
perfect sanitation The rural aehool oan aid In health 
supervision It oan supplement and drive home health 
instruction end above all it can teach good health and 
•lean living by being itself a model of sanitation for 
the community 

Hookworm diaeaae like typhoid fern la due to eare- 
lesi diepoaal of human excreta. Ono* schools and 
dwellings in country districts are provided with sanitary 
privies of on* type or another there will be littl* danger 


cause aa a difloent specie* of worm now known as the 
New World type or Nieattr Ammtimm It wae than 
discovered that the worm found in Porto Bieo wae of 
this species Subsequent diaeovay of this eeme wxmn 
as the oaueo of anemia among the viotame of the African 
low lands suggests that the ao-oaBad New Wmld type 
waa brought to Porto Bieo and the eoutlMen statM by 
the slave trade It elm prevails In India, aad haa been 
spread In Jamaica, Trinidad and Britkh Quinn* by the 
Hindu ooobe* brought thm* aa laborer* 

In tha United Btatae tha dteeaaa H found throughout 
the states south of tha Potomac and Ohio Rivers In 
Arkansas Missouri Oklahoma, and Texas and also 
m California Its prevalence and severity vary widely 
within a state and even m a oounty in some localities 
leas thaa I per osnt of the people bang infected, sad in 
others more than 90 per oast. Generally speaking the 
heaviest infection u found om the light andy soil of the 
coastal plains tha hghtast Infection on tho stiff, «fcy 
sod of ths Piedmont region, and an Intermediate fcfte- 
tion among tho foothill* and mountain* Ilk peenheriy 
a disease ef the agricultural, dktriste, wUafc goes fa* to 
explain the hug pasaMag lack of p hyri eal and InWI ii 
taal vigor to be acted among lam aiagna of pao* hi 


from hookworm 


what ought to b* ono of tho hmlthtest and tarot pro*- 


Infection by mtestunl paredts* la by no means eon- pereua sections tf the eouatey 


every lujda notimof the disease Reoord* of the iur- 
\ey show an average Infection among rural children of 
aohool age for whole oountie* running aa high ai 70 to 
90 per oent The general avenge for all the ohildren 
oiammed to date is 40 per oent of mfaction 
It is seldom realised to what extant the aohool in rural 
districts aids In spreading the mfoction Suppose we 
take a oertaln school district m which by chance no 
infection axista The son and daughtar of Mr Smith 
vtnt Mr Jones who hvea in a distrust where there is 
muoh hookworm disease While there fnuta or straw¬ 
berries are picked off the ground by the Souths and roten 
and perhaps in going harefooted ground Itch the 
beginning of skin mf sc tion w contracted The visit 
over the Smith* return home Having no sanitary 
privy on their prom use the soil around their home l» 
soow polluted so that ona by one tha whole family be¬ 
come* Infected m varying degrees of severity PaU 
oome* and the neighborhood aehool opens, The Smith 


fined to the south It ie world wide Is it* distribution Tha treatment of hookworm lUesees la a tiyp lf 
It Is moet prevalent in the tropical and swnl tropical Epsom sail* aad thymol see th*4n«l road Tl* object 
countries when it m a problem of gnat magutudo dprired ■ to etean tha onmt rnirli food jirthha fltro 
Of the total population of the giob*—about 1000 000 000 EM Intestinal treat, to that tha worms wUJ baegaroad 
peopia in round numbers—about M0 000400 five in to the action of tho tfcymoL Thk Is miMnMltil W 
eountetea where hookworm diaeoro is prevalent la She admu a s tre tiun at right cf a doef Uaa tat* 
the ml—waoopfa s xa o an a tt on* of the stools of promne ■*—t raTOtilag -‘ J f ntJirX ftp jiiJl if 
rix type* of inteetinel penahro have bean found tm .thymol is ropaalaeia givte, atfcA-M m&m Ml 
sulfieieat frequency to reader each one worthy of oon. is gives, sad at 10 A. M a «*eood dees ef agamt Mite 
*1 deration. bat the campaign la the south haa bm hgftm. Haringoleaqedftplaaoooiftom a$5» tha 
threoted primarily sgalaBt the hookworm beeaom it U warn*, the thymol a*Mta*ato«E*M«bl»$M' 
the moot hnportant, and by far the most prevalent Alcohol mi ode ere e*«2a fm 
ofthegnup esti m » ig fr il nm ^k i far rilheg af theea » StabEe 

Hookworm (Ueeare la not new It k only newly by Em psEm* Gmvy. buttnh ffifik, ala, m* lukt 
ondentood T he g aptomi of the ffieeme were do- ba dyvwl Mti^Wrih gihm. 

roro* wa. not known. The hookwo»S“i£S «. dti- 
oovered m 1838 by Dr Angelo Dgbiap. an htUrn, 

who whde makmg an ante pay found the smsB wUto MribMt *nrrfrm" J, -11r ■JEhUi fW 
worm with fl* bmdbtuted In thaw imltsroof ftaMBCfl ^ *- TrtTrfffjf^PKlTRllnj MJEolS 
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ta ** MB » tote ammoed ttert Mr. John 
D. BtAU foB te m ih* * tetiBca to be used 

m « effort te eeutool hookwotm disease In January 
1010, » (M*Um mo u lt of educators, doeton 
•ad WHOM wm of ntefowJ vqwMfam «m formed 
•adoBMMMoiMHdte VMblngtoa by the adminls- 
Mttia fewttmr> lb* volt ol this ecmnumlon, which 


OfiM MWhi ct A* tafwOn aad to nub • 
hIiIQ mtimato of tbs dagrss of tafaetion for each in¬ 
fected mm W to etna pNMBt Rffem; and (3) to re- 
mom Ak (MM of uforttoa by stopping soil pollution 

The itete *■ Adopted as the unit of organisation 
•ad of vrorta It tw regarded u fundamental, in the 
■ntiasst both of economy and efflctoaoy, that tbe work 
bo ikm W tor M poadbto through exbtmg agenmei 
Baefcfitoto tad Ito own ajtosm of pubHe health, tto own 
•yum* of otsubrnd medfciae, ite ova organised public 
paw, Ito on ay tma of pobbe reboot* Them four 
fnndamrrltVr aad a boot of other ageoelea ware ready 
for am b> educating the people Them institutions 
no rooted la tha Mto and traditions of the people, 
to Mart tbaaa sesames la the accomplishment of 
tha teak mi to iaaore the pecmaoeooy of the work 
from the beginning Tha eradication of this diaeaae, 
moreover, waa a work which no outaide agency 
working independently could do for tbe people If it 
would, aad one. which so outaide agency ahoold do if 
it scold. It waa raoognlaed that an outaide agency can 
be W yJnl otoy in ao far aa it aide the Btatee in orgaolr- 
ing and bringing into activity than own foroee In 
ihie aphtt thg raimniiminii responded to invitations from 
State boarda of health to co-operate in organising the 
work hi thorn Btatea hi which widespread infection 

In the II Btatea tins inciting co-operation a State 
dimeter of imitation waa appointed by tha ynnt action 
of the State puhBe-haalth authoritiea and the Roeke- 
hUar Sanitary Qnmmiesion. Tha State director ia a 
State o**l. aa oftom of tha State department of health 
olothad with all toe powara and nspoaaibihbas belong¬ 
ing to enah portion. Be ia the argaainag and direct¬ 
ing band of tha whole work for the eradication of hook¬ 
worm tikir ii m Ms State aad la reaponaible for the 
oOeieaetr of lbs service Hh work ia done under tha 
■upanrUoaof the State department of health, be reporta 
quarterly to tha State department and tha oommimon 1 

Under tha direct supervision of each State director 
of aaedtation ia a force of field doeotars of sanitation 
Them field mapeetor* are nominated by the State direc¬ 
tor and confirmed by the joint action of the Btate depart¬ 
ment of health and the oommuuon Three uupector* 
oosetitato an ambulant rervioe and devote their whole 
time to work to the field It u thaae Add director* who 
detarmtoi the geognphioal distribution and degree of 
tnfsotiou, who detmnne tha aamtery eonditiona re- 
i point hi* for tha prwan e e aad apread of tbe disease 
They anhat tha co-operation of the phyiMana in curing 
the auffenra, provide for the treatment of the indigent 
inrpeet schools, uatroot the teaehera, enlwt the preee, 
and, by katana, demonstrations, and peraonal oon- 
ferase, teach tha people the hnportanoe of getting all 
tafooted parooni cured and how to prorant the ipremi of 
the dhtaae by putting a itop to coil pollution. 

Aa a dadt/u diagwiak of bookworm diaaaae require* 
a ndmeoopk examination of tha patient's (tool each 
State baa a font of tretaad numeaoopoata whoae whole 
time to given to Aa aiamhi a taw of ipeounena roeoived 
Thb mfaroaeopto force ia atatmaad at tha State labora¬ 
tory and hi tha field, in tha latter oare working with the 

field directo r. 

Hm moat affective teaching, whether of physicians, 
oT adttore, cf aahool efftototo and taachare, or of tha people, 
la by damonabation. Tha ebiaf agency to thu demon- 
rtnffim^ajiiitog^taa^enaM^om^y^d^enrery^w 

T^Th^MPJrniiiTT ‘.TT 1 T^i * 

■tag tf As State board of heahh. The dtopenaary to 
« oonsirWtwnBy Bum 6 to S weeks. 

Toatiumtattoitoi ‘r the aim of th—Ahaibeac 

X. To titenauattote to tea people to each of tha 11 
S l M te 't i ter i uite fr hna bare u ndartekaa that hookworm 
diseae* ia C reason that it to a mdoca haodiaap, aad that 

ttfctftettoMdprcreatebfe 
X Ta tefifee am faf wtion corny Ate wffl give a 
"aahto mm* * A* «* tahtefan for each 

ma# i* M CM* 

(X tb'tooW* ilHtery aumy whi* shall ibow for 
MmSMcB lltefftate A* tendhtora of acfl potation 
■* - 


■tf'fteA*. by toaturm, 
A toteorteow to Aa 
It ifolAld Ond the 
fanfande;bcwthe 


diaeaae ia treated, how the Infection a apread, and how 
it can be prevented 

6 To teach tha practising phyamana of the State 
how to diagnow the dueaee and bow to treat it to teach 
th*n the importance of making examination for m- 
teattoal parasites a regular part of routine examination 
of all pa turn ta 

C To get every medical school in the State to mako 
proviaion for definite Inatruotton to the diagnosis and 
treatment of Inteetinal pareiitea to bo given to all 
■tudenta aa a requirement for graduation 

7 To eoliat the preaa of the State m the work 

8 To aee that the teaching of the dangers of noil 
pollution and bow to prevent toil pollution u made a 
regular part of the uatruotion given to the public school* 

9 To make at leaet one complete community detnon- 
atration, to (elect a rural so nun unity where the infec¬ 
tion ia reaeonably heavy to get every person examined 
get every infected person cured get soil pollution 
•topped then tell the people of the State the story of 
how thu community has eradicated hookworm difoase 

10 And, if powubio, to help lay the foundation of a 
county and community health sernoe that will u the 
and take care of bookworm infection and all other 

Recently measures have boon taken where the dm 
pezuanee have done their work thoroughly to follow 
the next logical step m the direction of parmanent con¬ 
trol of health conditions In North Carohna the State 
board of health has secured for a number of oountie-i 
and communities full-time health officers who In add! 
tion to fighting hookworm dueaare will do other needed 
health work Instead of selecting a oounty and spend¬ 
ing a short tame there—the dispensary method-the 
board now has full-time men employed who can remain 
until every ease of hookworm diaeaae is treated and cured 
In addition to thu sanitary arrangements are being 
instituted for every home m the community, with a view 
to preventing hookworm disease, typhoid fowr and all 
other diseases due to soil pollution 

Co-operation between the State departments of health 
and education haa been one of the most hopeful signs 
of progress in the movement for oommumty oontroi of 
health conditions In no field has thu no-operation been 
more practical or effective than m the work for tho 
e r adi c ation of hookworm diaeaae The school authori¬ 
ties have furthered in every wey possible the efforts of 
the State health authorities in the various steps of sur¬ 
vey, cure, and prevention 

In eorne of the States notably Virginia, North Caro¬ 
lina Alabama and Kentucky tbe alliance has been 
particularly dose Tbe State health authorities have 
furnished bulletins on public health especially adapted 
to use m the schools and the State school authorities 
have distributed these bulletins of information to all 
tbe schools m the State* 

Alabama haa a spoolally prepared teacher* bulletin 
for use In the rehools of the Btate, with an Introdui lory 
note by tbe State director of campaign agalnat tho 
hookworm disease in the 8tate 

Kentucky is another State where special bulletin* 
on health subjeots have been prepared by the State 
board of health at the express request of the State 
educational in then ties 

In Arkansas State Supt George B Cook report* 
that the State department of pubLio instruction has 
been very doeedy Identified with the work of tho Ro» ko- 
feller Sanitary Commission smee the work was first 
taken up In that State and that his department u also 
co-operating to tha fullest extant with tho State board 
of health 

while not one of the State* where hookworm 
disease is a problem offer* a good example of State 
wide health teaching to country sohools In the new 
comae of study issued for use m all the rural *ehools 
of the State, special stress u laid upon sanitation and 
bealth-oonservtog agencies m general 

In reporting on health teaching in Louisiana State 
Supt Ham* mentions particularly the work of the State 
board of health m otMjpsration with tha Rockefeller 
Sanitary Commission, »npt»ai«i«g the fact that while 
engaged to tha work of examining and treating school 
children and teachers “they give a great date of to 
(truetion In other One* of health n 

Is Mississippi a valuable health work that means 
nraofc for the hookworm eroaade ai well as for ev«*y 
other port tire movement far good health is the 
work of the State atemd improvement associations 
By mesas of these asso c iati ons , workmg through the 
State department of education, a (pedal “clean-up and 
beautify day" haa Un obawvad by at least 3j000 
•nhioh and o oma n aiti ee at tha dose of school to the 
■priag and again at the oprotog to the Call On thee* 
days the country people Join with the teacher to pot 
Affr Mtwok fat Mattery oonUtion and make them as 

It ia tits general testimony of those who hava to* 
..in*I mi that the rani school 

boUdlng and equipment to tha 


avenge farm dwelling of the oommumty it serves 
Certainly in respect to sanitary faoOitioa it has bean a 
disgrace to Ameneen oivdiaation Recently, however, 
muoh haa beat done toward making tha school house 
and grounds in the country what they should ev« be— 
a real model for the eommumty to follow In States 
where the rural movement is at its best particular at¬ 
tention la paid to tho two fundamental! of water supply 
and sanitary pnviea 

No probkm is of more fundamental importance to 
rural life than that of disposing adequately of human 
excrement It haa been repeatedly staled in this bul¬ 
letin that hookworm disease would be impossible with¬ 
out soil pollution and soil pollution is directly dne to 
tho leok of sanitary privies Theoretically the remedy 
Tor soil pollution it simple and should be provided with 
enthusiasm everywhere in tho oountry at every farm¬ 
house and at every school Practically its application 
is very difficult Ingrained habits must be obanged 
and to aocomphsh this require* that people be educated 
out of the present uncivilized custom to tbe point where 
they will gladly devote the nm scary time and money 
for the construction and use of sanitary facilities for 
night-soil disposal in other word* namtary pmu* 

Model Target Range* in Belgium 

A new jean ago the Belgian military engineering 
corps undertook some Interesting work to reinforced 
concrete const ruction at the time of laying out the new 
rifle ranges at Ortond. This locality Is now covered by 
the present ear operations In Belgium The firing 
ground* were Intended to be a model establishment and 
a novel point waa the extensive use of firing walla or 
backing for the target! built of reinforced concrete and 
ranging from 10 to TO feet high Such a system bad 
already been put In use In Bwltserland and other places 
to a limited extent and owing lo the valuable qualities 
of reinforced concrete for this clam of work It waa de¬ 
cided to go Into tbe prevent construction on a modi 
larger scale than had been heretofore seen Plana for 
the complete firing ground at Ontend called for four 
firing lines at 8B0 feet range four lines at 000 feet, five 
at 1000 feet tour at 1830 feet three at 1 0HO feet and 
two at 2000 feet range this being as will be men quite 
an extensive lavoot all them firing Unfa to be pro¬ 
vided with elei tro-automatlc target* of the Bremer 
tvpe which give an antomattc record of the firing 
point* Ilowcver only a l«ri of thin programme was 
carried out during the flint part of the work to which 
onr obtalnnhle Information hs* refen noe Tn the same 
wav tho .belter f< r the firing men 1* temporarily built 
of wood lined with canvn* In onlir to doadm tho 
«onnd The flooring of this -hid n nut ruction la built 
op pilon so a* to mice It eome 11 fe«t above tho ground 
livcl Tho plena call for a t (nl length of 170 feet for 
this part of the w irk Provision 1* also made for 
platol firing a* well aa for c mblned firing Iv round* 
and olhi r rpcratlons Taking Ibe case of the i 000 foot 
nmge n* an cxnmile the firing walla placed opposite 
tho stand and holdlni. tbe targets are built a* five 
"operate wall* with space between Such walls are of 
fat surface tn front except for various niches to hold 
tbe targets as well as suitable protecting parts of 
which the details are not given The wall haa about 
7 Inch thteknem in Itself but la greatly reinforced by 
WI hs In the shape of buttreme* In tbe rear which start 
flnih with the wall at the top and slant to the base so 
hs to project no lees than 10 feet or more at tho ground 
level The walls vary In length and are either squire 
or oblong shape the buttresses on each of the walls 
being spaced at reasonably dose Intervals for Instance 
five of them per wall In some cases Metallic web rein 
fi rrlng on tbe * ranch Henneblque sy stem is need here 
mid the surfaces which lie above ground rerelve an 
outer coating of cement mortar Tbe present walls are 
c ilculstcd to stand a much higher wind pressure than 
the heaviest tempests could prod nee and are thus very 
safe ta this respect tbe bread baae giving all the sta 
blUty needed For the 1000-foe t firing line the bright* 
of tbe walla range from 70 feet to 75 feet 

Experience shows that reinforced c >n< ret< walls of 
this kind receive but little damage from Ibe bullets but 
In the Oat and constructi on the walls themselves are 
protected by mattresses consisting of 1% inch planking 
spatted at fi Inches In front nf the surface of the wall 
then filling tn the space with broken porphyry fragments 
of 1% to 2 Inches In die In France such planking and 
fflHng la used alone for making up a back wall for fir 
Ing grounds and It la found that the shot will not pene¬ 
trate It to any case so that the Ostend construction has 
au extra margin of safety Suitable precaution* have 
also been takon to prevent glancing of the bullets from 
tbe targets or tbe walla. On tha whole the present 
layout la a model one of ita kind and ahowa another 
useful application of retafoceed concrete It Is not 
stated what has become of tbe firing grounds since the 
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The Defense of Belgium by Inundation 

Something of the History and Geography of the Flooded Region 

By P Sallior 


In ah agis thi region* bordering on the North Sea 
have mad« uk of innn lataomi aa a means of defenae 
\fter having work* 1 fr r < entunea to wreat land from the 
si a hv artifleial agencies Httgium and BoUaad olabn the 
right >f returning f >r the moment to the waters the tem- 
l run whu h (hey have won from them During the 
lift! w of Antwerp it proved impotable for the djatnet 
that ctuld le submerged to yield the detired reaulta 
Dunng the battle of the Yaer however the lone of 
\ icuport and Duunudi found mundatkm a valuable 
meant of ronstame While the war-ehipa of the Alliea 
dn w mar the <oaat to bombard the Germans and bat 
tern h if artllk ry rained ahella upon the diatnet the look 
galea wore rawed the dilcee broken down at the right 
moral nt and the water flowed again over the land en 
Unng the tnnnhiR of tht enemy and thua any farther 
progn a of the (It rmaas waa rendered bnpoaaibU 
An intareating aonount of thii heron) undertaking la 
given by a writer in l a Nalwt who deaonbea thti entire 
am Uon of Belgium aa a oharming region filled with aleepy 
old town* redolent of the paat poaeeaamg beifrtea 
marketa old houaea and peauiful oonvent* of Beguinea 
having bnilgea stress the oanala aoouitomed to quiet 
and tranquillity It waa ouatomary for travelers to 
go to Niouport to aee the memorial* of daring aeamen and 
tho aurroundlnga of an old seaport to Dixmude to in 
apt* t tha roodloft of tho ohurtb and the town hall to 
Yproa to aee the wondirful market-building and the 
belfry Along the toast thire were aandy beachea at 
Nh uport Middellcerke Manakorke Oatend and Blank 
inhcrgho where children were wont to play 
One ilay continues our author the swarm* of an ad 
vinary fell upon thia rtgion the oilua of which are no 
longer more than nanus on the map or heap* of ruin* 
The fot had two aima in vii w to drivi hw k tho loft wing 
of the Alius m order to resume its unending turning 
move mint and also to advance bv way of Fumoa to 
the capture of Dunkirk wluoh once in its hands would 
become a baae for naval operation* against England 
toward the middle of Oi tobir this attack by the enemy 
was begun in the region between N urn port and la Baasto 
and the operations were particularly violent at the out¬ 
sit along the eoaat The Yser River which has boon 
turned into a canal make s a long bond between Nieu 
port and Dixmude and during several weeks its banks 
wore tho scene of a violent struggle The Belgians very 
quukly comprehended the aid which tho water could 
give them There wire fine looks at Niouport that 
Baedeker had adviaod his compatriot* to go wo a* maaU r 
plooea especially the looks of the oanala of Bruges and 
t urne* as well as four others that are noted on the ac¬ 
companying map Successive use was made of there 
looks and thus it was that the German attacks were 
progressively forood bock from tho lower courses of the 
river to tho upper in proportion as the waten rose and 
inomaihed upon the land on the left bank of the osjial 
Up to October 21st the most severe attacks of the foe 
wire at Niouport and Dombartxyde On October 22nd 
when the watera reached Bchoorbakke the troops of the 
mirny forced a passage for themselves at Torvaete but 
were stopped three kilomotori farther on at the railway 
line near Pervyre where one thousand dead Germans 
wi n found after a battle On November 11th however 
a sum ms at last throw into their hands temporarily the 
ruins of Dixmudc which had already been taken and 
retaken several times but even this advantage did not 
i noble them to gam the left bank of the Yser By the 
i nri of November thanks to the aid of higher tides the 
mini lotions had extended over so large a region that the 
(.not Gorman iffort in whioh more than 120 000 men 
are sat 1 to have fallen had to be abandoned and the 
attack* reported after this wire in a more southirlv 
linitnn towards Ypn* Thi water has bw n seen ex 
tinding from Nuuport to Iht immediate vmnitv of 
Ypres fliwinginits ourm through Sohoore Luke Du 
mudi Bixx hoot* and B xronght One reault has been 
the laplun of hiai \ artillery sunk in the miry ground 
mar Kamaeapelk where four large cannon and two 
mortars were gathered up out of the mud 
The present war is hv no means the first time that this 
lislrul ha* served aa a battlefield In 1488 Niouport 
was beaugedhv the trench In 1000Maunoeof Orange 
won a VHtory there over the Spanish and in 1658 the 
Hal tli if V Dunes was fought not far from Nieu port 
in the dimtion of Dunkirk when Turenne defeated 
1 nnei di Condi and thi Spaniards during the oourse 
of a campaign not so dissimilar in It* happenings to the 
ivents that hevt just taken place 

U the period of this battle it should ha mailed tha 


French and tha English wen allied as at the present 
time The foroos of the enemy held Qraveiinre Dunkirk 
Bergues and Fume# The entire region around Dunkirk 
had been inundated by them Notwithstanding this 
Turenne marched boldly from Ca ssc l to Berguee and 
following from the latter place the only practicable 
dike he reached the dune* with the intention of besieging 
Dunkirk At this moment Condi who had oolleeted 
at Ypres the Spanish garrisons advanced to meet him 
and was defeated June 14th 1068 Eleven days later 
D unkir k capitulated This waa followed by the capture 
of Bergues Fumoa and Dixmude whioh was takan 
July 4th GraveHue* surrendered on August 80th sod on 
September 20th Turenne entered Ypres 



In explaining the physical and hydraulic conditions 
of the region which permit this method of defense the 
writer says further 

If a topographical map or what is bettor a map of 
the geological strata of thia dutru t is examined it will 
be seen that a lino of dunes runs along tha '.oast from 
Gmvehnes to Dunkirk Fume* and Nieu port Tbeae 
dune* are united into a monotonous plain only broken 
by the slight elevation near Berguee or Hondnohoote of 
older alluvial formations and thick beds of a clay called 
Flanders olay (of the stratified formation called Ypronan) 
which vanes from a thickness of 140 meters at Oatend 
to 80 meters at Dunkirk 

In traversing this oountry starting from the coast 
there first appears a low sandy shore a large expanse 
of which is exposed at each turn of the tide Then 
when a northwest wind blows tha sand is pushed toward 
the eoaat dunes are formed and always owing to the 
•amo influence those dunes advance inland while the 
•ea attacks them behind East of Dunkirk the dunes 
move forward more than 6 meters a year It is the 


region of the leadeo-hued landscapes whioh tbs painter 
Cain loved to us* as a background far Ps lw H m a n rewire 
The strip along tha coast formed by these dunes is only 
broken by tbs ngmths of streams of small Importance 
These river-mouths an habitually shut by look- gat re 
that an only opened at low tide when their discharge 
can taka place 

The plain back of tho dunes is composed of a day, 
whitish from the admixture of tsreeheUs at tunes a 
peaty subsoil is found below this olay A layor of peat, 
which is often a motor thick underlies this day at about 
tha meridian of Dunkirk Broken and recumbent trees 
are scattered irregularly through these strata. Innum¬ 
erable canals and their subdivisions wind through this 
clayey plain whioh oontarns many stretches of verdant 

Tha entire region has been arrested foot by foot from 
the rea and is ilka tht Netherlands, of which it n a 
continuation a marvel of human ingenuity 

The general level of the plai nts in faot OOP motor 
below high water and in certain depressions called 
mooes it falls to 160 meter below high water In 
order to form the poldore or tracts of reclaimed land it 
has been oeoereary to shut off the sea gradually by dikes 
crossed by drainage canals and to establish gate* to 
regulate the flow of the watre by preventing its discharge 
excepting at low tides Although this work of oonqusst 
wm begun many oenturies ago there still existed at the 
beginning of the Iflth century a large number of salt 
lakes wluoh have been drained off one after the othsr 
the moeros during the 17th century the salt fh l fca* of 
Lannre RobeUn and Taaf during the 18th odlfery 

It u consequently very easy says the wnter in sum¬ 
ming up to understand the method of defense that has 
been employed In ordinary tunes the gates are dosed 
when tho sea nisi If the procedure if (evened the 
nang tide penetrates the region by means of the entire 
complicated network of canals shown on the map and 
the dosed gates will prevent it from flowing off while 
retaining also the fresh water If a pawn knows how 
to make use of the highest tides more than a meter in 
height over the level of mean tide can be gamed By 
breaking the dikes at suitable points one or another 
section of the oountry can bo inundated aa the em¬ 
bankments of a railway or of a road forming a dam The 
ability to use the locks Is a fine art but the low dhtnota 
of Belgium have like the Dutch old experts who have 
been trained by long experience and who know all the 
tricks of the trade It is said that the combination by 
means of which the German trenches wore submerged 
while the Belgian trenohM were protected for a sufficient 
length of tune is due to me of three men The map 
shows the extent of oountry liable to inundation, whioh 
includes almost the entire triangle of Dixmude Nieu port 
and Fumes To the salt and south of Dixmude the sands 
and elaya of tha Yprreutn period are on a littlf higher 
level which protects them from the Invasion of the sea 
The Germans have tried in vain to stop the inundation 
or to oroa over it by mean* of refts They have bean 
compelled to reek another rente with little success 



Sresse la the legied regie* ef Mgtafi, 
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Deformation of the Earth by the Moon* 

Methods of Solving the Problem and Its. Difficulties 

By Otto Klotz 


In chapter VI of “The Tide* ’ by Sir George Darwin 
he dnnuMM the deflection of the vertical by the tide- 
generaiinft Tone of the moon In 1878 in oonjunotion 
with hie brother Hocaoe, he attempted to measure the 
mieroaoopw movement of* pendulum under the mfluenoe 
of the lunar attraction The dlffloultHw encountered 
' led tu to abandon our attempted meeeuremont and to 
roaolade that all endeavor* in that direction were doomed 
to remain forever fruitlee* I ean but hope that a fain 
flaation of our foneast by M Bhlert and by othtr* may 
be confirmed ’ Thi« i* the concluding paragraph in 
that chapter and the foreeaet aa we know has been dis¬ 
proved first by the observation of Hookur later by Orlov 
Miohabon and other* 

If the earth wore perfectly plaetw then there would be 
no 00 name tide* relative to tho land for both wonld be 
deformed equally and tide gage* would rooord no rising 
or falling of the water Otherwise, if tho wrth were per 
feetly rigid then we would have the greateet effect of 
Oceania tide* bv the lunar at t mo lion A* the earth 
oooupuo a condition Intermediate be two. n perfect plasli 
city and perfect rigidity, the occan tub* arooonnderul.lv 
modified thereby Darwin give* the intensity of the 
maximum honiontal force due to tho moon compared 
with gravity ae 1 to 11 660 000 As u soon this is 
a very small quantity and the diffit ulty of observing or 
determining it is manifest 

We will attempt to glvo an ulnmt nlary exposition id 
observing the effect of lunar attrac tion in the solid i arth 
be means of the horuontal pendulum and evaluating tho 
recorded result* In outline the horuontal pi ndulum is 
•imply a bob supported at one end of a horuontal (worn 
the other end being mnvahla at a slot I pout resting in 
an agate cup while fine wires support the bob from a 
pmnt on a vertioal rod Now this latter pout u nut 
quite vertically above the lower point and therein Ins 
the merit of the horizontal pendulum If the axis of 
rotation were vertioal then tho pi nilulum would not 
oseiUate when duplaoed from any position it might 
ooeupy However ns soon aa this axu is inclined to tin 
bob the pendulum will oscillate whin displaced from its 
zero poelbon and thi pc nod of its oscillation that is 
the tame required to make a to-and fro movemt nl will 
be dependent upon this inclination of tb* axis Ihc 
period Is a function of the angle of inehnation to tho 
vortical This angle u a matter of instrumental adjust 
rnont, so that we < an give the pendulum a definite period 
of oso illation to suit our purpose of mvmtigalion If for 
lnstanoe lU period is 10 steonds for a single vibration 
this would bo equivalent to an ordinary pendulum hang¬ 
ing vertically a* in a clock of approximately 100 meters 
u length or say U0 feet Kxpressed in this manner ono 
sees what a very unall force indeed would be required 
to defleet the latter pendulum from its vertical position 
Now this deflection wo could accomplish too by filling 
the support on which the pendulum hang* that is if 
the surface of the earth suffered a tlltmg or intimation 
to the horuontal the vertioal pendulum would move 
through the ame angular measure, and the loogi r the 
pendulum the more easily oould we measure the linear 
displacement With the above equivalent 100-metu 
prod id tun we would have a max mom deflection of the 
11,060 000th part or a little loss than one hundredth 
of a millimeter Knowing tho mass and distance of the 
moon as well as the intensity, of gravity it u a simple 
mathematical problem to oaloolate the di flection of the 
vertical at any time for a ngtd earth 

The physical lutes of the earth follow the apparent 
motion of the moon, and heno# the deflection of the pen¬ 
dulum ha* a to-aad-fro movement under tho lunar at¬ 
traction twice a day and with far greater regularity than 
obtains with the oosaa tides, which arc impeded in their 
onward course by Uw configuration of the earth ■ sur¬ 
face, L o , by the oonbaents 

Ws an speaking only of Uw lunar attraction while 
than is, too, oas due to the sun, but as the former pre- 


ponderatsg, In the ratio of about 7 to 3 we refer only 
to the fooMr, although the latter is oonxktired, and enter* 
mtp any observation as wen as Into the final computation 

tt than tbs theoretical deflection, on the supposition 
of gn nnyieldtag sarth sen be computed and the actual 
tiaBWffa i 9t the rertiflal tuim Umar attraction ean be 
titMirrei it hretwarfy Mtfvt that we have the data 
fagflsksiwlntsi the “give," the yielding, the rigidity 
nlna of Ih. atmwt svtiflrenre » 

pop* to state here, although it will be 


WafiMidtsssgptetths RayalAa ti aa n ti tnl —titer of Qsasda. 


referred to later that obeervations to measure the de¬ 
flection are (object to certain indirect effects among 
which mav be mentioned tho daily heating of the earth 
by the sun whereby a bulging of the earth s surface 
following tho sun is caused anil a consequent tilting or 
deflection of the pendulum This mav amount to many 
times—as niuih aa GO tune* the gravitational effect 
of tho sun Again if tho pendulum u. mounted sax with¬ 
in a hundred miles or eviti more of the *ea-eo**t the 
ocean tides exoroiso a dual influence In the first place 
high tides loading the sea-shore bend it and thi degree 
is dependent upon the elasticity of the rock suhjix led to 
the pressure 1 his effect making plausible assumptions 
admits of approximate estimate rhen again thi mass 
of watir brought m by high tidh exerts a gravitational 
effoc l on our pendulum just ss tho moon dm • and helps 
to mask the true lunar i ffec t T he bending of the earth s 
crust however under tho superimposed water mass is 
for near-coast stations of far greater effect than the 
gravitational ono of the same moss The two latter 
would xjnohrom/e with oaoh other but not with the 
solar hi at mg offoct 1 ho further we advance with thi 
problem of measuring tbo deflection of tho vertical by 
lunar attraction the more complicated and difficult of 
realization it become* Low tide duo to the withdrawal 
of water has of course tho opposite effre t of high tide 

From observation* it has been found that the earth 
has about tho rigidity of steel a conclusion arrived at 
bv Kelvin years ago and by quite another line of attack 
and furthermore that the terms dupondent upon the sun 
are largely mfluimod by meteorological conditions 
among wl.iih the daily heating of the earth has alnadv 
been referred to The change of declination must also 
be 1 onslde red 

ft was taken for granted that the magnitude of the 
deformation of the earth would show no seleetive azimuth 
but ubse rvations showed this not to bo tho i a* Taking 
the mean of tho observations at Potsdam Dorpat 
Freiburg ond Durlaoh we obtain 0 47 for the meridian 
and 0 70 for the prunes ertbal value of the Iheorelual 
value thoy should respeetively have which moans that 
the earth is morn comprehensible in a north-south than 
in an oast vest direction This anomaly was puzzling 
Mr George Darwin suggi stod that tho greater ngiditv 
of tho earth in tho cast-west dmstion was due to the 
rotation Prof Love however from malhomatual con¬ 
siderations oould not assign this as a n aann He how- 
eve r pointed out the possibility sa the difference was 
more marked at Potsdam whioh is nearer to the ocean 
than in Dorpat that tho ocean tides might I hi the dis 
turhlng factor and m two wav* In tho first plat there 
must he a bending of tho earth s crust under the tidal 
weight, and In tho next plaoe the tidal mass extnlie* 
its gravitational influence just aa tho moon and sun do 
Acting on this suggestion the International Seistnologval 
Association at Manchester In 1911 decided to have four 
deformation stations established ono in ocntral 
Siberia one in ocntral South Afnca one m central North 
America—these threo being far removed from the ocean 

and ono in Pans whore the above effects if they oxist 
would bo aggravated or increased Canada undertook 
to establish tho one for A mere a and Winnipeg was first 
selected but it was finally doe ldod that more satisfactory 
results would bo obtained at Ottawa at tbo Dominion 
Observatory undir constant technical supervision 
Hoc tally a oonerelo vault 9 by 21 feet has 1 ms n budl 
adjoining tho Observatory the floor of the vault boing 
24 feet below the surface and tho pendulums will shortly 
be installed 

8lnee the observations have boen made In Europe 
Prof Mwhelson ha* earned out a splendid senes at ob¬ 
servations and bv quite a new method using two long 
(800 feet) pipes, 6 inches in diameter the one laid in the 
n ^t»n, the other u the east-weet line and both under¬ 
ground 0 feet They are partially filled with water and 
the change of levd under lunar and solar attraction* is 
measured by means of a microscope A do tailed ac¬ 
count of the apparatus and results will be found m the 
Maroh Dumber of the Atlrvpkytieal Journal for the pres¬ 
ent year We shall give hu Anal results He finds— 

N-8 0633 - 0 007 hour 

B-W 0710 + 0080 hour 

We see that the amplitude ratio Is in pretty good ao- 
- - Janos with the mean European results of 0 47 and 
0 70, aad from the position of Mudwiaons station— 
WTthsmi Bay, Wbeonmn, near the YerVes Observatory, 
very far away from any oceanic tidal Influenza* the cause 
of the anomaly of tins difference in amplitude ratio, will 


very likely hare to be sought elsewhere—although 
Bohwoydar (1012) agrees with Love m attributing the 
difference as found at the 1 uropean stations to the offuc t 
of ocean tides The phono acceleration as found by 
Mu helaon u very satufaz lory be ing very small as ono 
would expect It is as hi says so small as to leave some 
doubt as to whother or not it u real ' 

Wo have shown in the preceding the problem to hu 
attacked and tho method of attacking it Attention 
has been drawn to tho very small quantities involved 
that is the quantitic s to be measure d and of the nuroc r 
ous fm tors that ontz r into it thi continuous change of 
the moon s position in deohnation and distance with 
the t onsnquent change in Its tide-disturbing effect The 
samo applies though in a less degree) to the sun 1 o 
oompluato our record still more wo havo meteorological 
effects impressed on the reconls such m the heating 
effect by the sun Yet from all the tangle the physical 
tides of the earth show up oloarlr and unmistakably 
At a maximum the surface of tho earth rises and falls 
about a foot twit o a dar due to lunar and solar attrac. 
tion Wo are sitting on a long leete r (6 (100 mile* 
long with a ponod of a little over 12 hours) unton- 
Mtouxly loitering It doesn tmmln mean much yet 
in it is bound up the constitution of our earth and of all 
objects in the universe none ramoe rns man more than the 
earth The earth is solid very solid somewhat like 
■tool There in no liquid multi n interior as we were nnt e 
led to believe 

We trust tlial in anolhe r year the Dominion Observe 
tory will be able to add its share to this ve ry interesting 
m vnstigaliun of tho deformation of the earth hy the moon 
and sim and the di termination therefrom of the rigidity 
of the earth a desirable quantity in geophysics 

Comparison of the Silver and Iodine Voltameter 

Aa Important Investigation of silver and Iodine volt 
aim line wnx recently undertaken liy CJ W Vlnal onriet 
ant | liysli 1st of the* Bureau of Sts nils rein In cooperation 
with S I Bales risen re h associate In physical rtum 
tstrj if I lie University of Illinois the result* of which 
have httn published In the KrtiiiUlh papers of the Bu 
non if Manilards No 218 brief summary follows 

Of the many electrochemical reactions whhh may 
tlicorethHlly be imjlojecl to dititmlnc the furailav 
t e the quantity ■ f rtntrtcltr associated with a ilicml 
cal equivalent lo any c lietiuchcmlcal change that of 
the deposition of silver from a solution of silver nltruti 
Is the only one that has been extensively Investigated 
The values width liavo been accepted for the forariay 
from ilnu to time have almost entirely been based 
upon rcwnlts with live sllvei voltameter This naturally 
re suited from the fort that Uw International ampere 
Is defined In terms of (he silver deposited under more 
or less rigorously fixed < mdltlins nod bonce thin ln*tru 
mont has been the sulijce t of many thorough Investtga 
tiooa both by thi iiutlonnl standardizing laboratories 
undbyprlvsti Individuals As a result of these InreaU 
gallons It hss been jmssllile for the post flow years so 
to 1i fine the conditions to lie used In connection with 
the sllvir voltameter that a re|ir sluellilllty of 1 or 2 
jiarts In 100000 may tic obtains I Until reeenlly no 
other voltameter had attained anything approaching 
huiIi a etc giee of precision 

\ little over a year au however Washburn and 
Bah s published Ihc results of a study of an Iodine volt 
atmtir which they bad divined and which was found 
to have a icjinslu II lllty of the same order as that of 
the stiver voltameter The apparently complete re 
vcrslbtllty and purity of the electrochemical reaction In 
tbs Iodine rnttnmeter coupled with the tact that uo 
solid deposit is obtained made It a parttcolarly vsln 
able reaction to pmjloy for determining the firaday 
and warranted very exa t electrical measurements 

We have made a cnreful comparison of the silver 
and lodlno volts meters using them In series so that 
tlu> deposits of silver and Iodine should be strictly com 
parable Tho best prefecture learned from previous 
Investigations baa been followed In each cue On- re 


suits are aa follows 

1 Ratio of silver to Iodine 08N)17 

2 Electrochemical equivalent of Iodine 181W2 

S Value of the faraday (I»120 02 ) 96 flit; 

4 Voice of the faraday (Ag™ 107 88 ) 98 494 

5 Value recommended for general use 06800 


Naa. 2 T and 4 are calculated on the basts of the 
International ampere using 111800 milligramme per 
coulomb as the electrochemical equivalent of silver 

•J Am Ctwm be H n u<i lits ww " 
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Removing Particles of Metal from Wotmds 
lineal mh n gnat Industrial plauta are funMiliig 
1 radically all the barbed wire Hard by the belligerent 
countries In tbe European war anl thonaaida of tone 
of material for Urn making or ammunition are bdig 
shipped from Pittsburgh to turope 
This city a commercial partldpell i li the nor la 
greater perhaps than any other city enj y*—I n so far as 
manufactures are concerned. Bnt besides furnishing hu 
much that la Intended to destroy human life Pittsburgh 
Is sending in Urge number* one mechanical agent of 
mercy to the battleflelde of France Austria and Bel 
glum It la the powerful magnet that In taking the 
Platte of the aurgoona painful and perilous probe—a 
machine that will prevent untold agony 
The removal of ptecee of ahrapoel. Heel Jacketed bul 
lets and other metal su beta Does by the uaa of powerful 
•ketromagnsta In hospitals In the European war aoo* 
has been serialised by many aa the very latest appUea 
tkm of actaoce to surgery But this has been In prac¬ 
tice In aonw of the Pittaburgh Industrial plants fog 
more than a year the first m a chin e having been eon 
strutted and Installed at the East Pittaburgh works of 
the WeaUngh use Electric and Manufacturing Com 
pnny As psrt of the relief department It has proved 
tbe m st useful device ever adopted and the big mag 
net Is here used for removing metal smbsdded In the 
fieeb nr In the ball of the eye. 

The magnet Is mounted on a box containing a resistor 
which Is wed tc regulate the amount of current fiow 


111, through Ibe mils It requires 4 000 matt* for Its 
opt rati 01 or enough power to supply one hundred Of 
e nils-poser llaada lamps. It la deidgned for opera 
tlon ou 70 volts As the dreeit from which It draws 
current Is used for testing purposes In the Wearing 
house works and ranges from 10 to UO volts s rasMor 

Not lnfreqoei tlv workingmen bet Mbs of metal In 
tbedr eyes < r hands Before the Installation of this 
magnet It was necessary to nae a probe to remove these 
foreign su bstan ce s a method which was mmartatn and 
often extremely painful TUs magnet makes the open 
tlon very simple and pa In leas. The part of the body hi 
which the metal ehlp la embedded Is placed near tha 
pole tip of the magnet, tbs switch dread, and the mac 
net doee tbe rest Tbe pole U removable, a numbsr of 

work. Blta at firing metal often panatrata the ayea of 
workmen When they strike with anOrient form to be 
embedded It la a difficult thing to extract titans okas 
the magnet Is oasd. The peotecring waring of the eye 
must be cut and then la always dancer that, taataad 
of removing the particle tt may be pushed tethtr Into 
the eye 

In the steel mllla worker* frequently teat tMr tends 
punctured by mlaata items at flytag metal wkVk te- 


w ft At TwS a t i ftHkpl ftfkgr the Wit* ; # 
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Tea astronomer la o otamoa with tha phyti s fch {kq 
ehaonrt and otter* greatly needs the teip 
mattematinmn can tire On tha otter tegdt I hdUm 
that the marimmatMten tea something to Iteta feutfiq 
astronomer with regard to tha point ef view bum unite 
he pursues ha reasarchil 

This dWfcaooe In viewpoint is nothing mom tim* » 
reonrmme of tha struggle that oarer* in wy ktad af 
human activity between the imatlali of nsahjs* «* 
the technique of that subject It Is a NtettUbk fete 

that the outooms of this struggle is not shnys hi M* 

of the farmer but that mtea tachnSgus ts sometimes able 

to gun permanent nuatery and to sabmergs oonnlstaty 

the objects for which It was cre at ed Tha beet flhktra- 
taonof this k tabs found in ths painter’s art We know 
that there was a time when painting was regarded as » 
mode of expremfam through which l essons might be 
taught and learned, or through which at hast Dm Hetld 
might be amused But for many a beg day palntars 
have refused to taka this aw# of their art They hold 
in frank contempt a picture that talk a story and their 
standards of what constitutes a great peoture are ua 
intelligible to any one who is not himself a painter 

Astronomy and mathematics have thee technique 
and are having their struggle with It A ceatnry ago 
Gauss a great mathematician and a gnat astronomer 
speaking for his times as mush aa for himself announoed 
as his motto Panes aed mature and adopted as hk 
crest a tree laden with fruit few in number but remark¬ 
able for them perfection Booh aeatnnenta aa these and 
the feeling that lay behind them have undoubtedly 
done more to hinder the progress of setoneo than to ad¬ 
venes it If there is any question as to what Gauss 
meant we have only to turn to his biography to find tha 
answer He did not oare to touch in print any anbjsat 
that be felt he oould not exhaust merely to oontnbuta 
to it seemed to him hte plucking unripe fruit Thus 
his published work extensive though it Is represents 
only a part and it may be only a small part of tha nn 
remitting labor of his wonderfully fertile brain We 
know for example that Oaass had developed tha pfaw- 
ples of the method of least-squares while hs was still 
in his teens but it was not until fourteen years later that 
he ventured into print on this mbjeet He would doubt¬ 
less have wished to delay oven longer had not Logandra 
in the meantime unearthed sad published the am 
principles We eau mate a good guem at the re aeo ns 
for Gaums ^day The method of leaet-aqaaras Is 
founded upon an amumption wUeh oan be put in varioBB 
forms but whlah always remains aa —iimptnm Gaum 
would doubtless hare wished to prove Uus assumption 
from fundamental principles or at least to hare given it 
a more axtomatio dress but this nsitter he nor any one 
that has ootne efter him bee soesoeded In doing An 
oven better illustration of the former attitude of torn of 
asonoe in the matter of then- obligations to ssfeoot Is 
afforded by Gauss s part m the histosy of non ■nrintem 
geometry In a letter to a friend he states that he had 
occupied UatsK attentively with Euclid • Mafia tone 
owning parallels and goes on to otttMna vary hskty Shm 
of tbe results ha had obtained. This letter ooatahm *U 
that le known of them researches A few yean teter it 
was written Lobatatewaki poblkted the Xtti* book in 
wUeh haprovaa that ttepsraBsl axiom is aomdem at aBi 
bat a pdra assumption add Etowa that writer kad of 
geometry U tmagkabie la white the eppbrite smumptfen 
isaade U vk# or tUs work. It would hate 1m* 
neoaseary for Gauss to revise what to tod abaadjntam 
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fatranee to the vasH, abowlag ike I foot thick N to* iwr (fn aad cIimm) with Jelat ground to an air tight It 


The Strongest Vault in the World 

Its Massive Construction and Unusual Method of Protection 


Tun eqpnrity vault recently installed In the new bank 
Ins bonding at Messrs. 1 P Morgan * Oo baa tha 
unique that!notion of being tha strongest In tbs world. 
It la Sg feet wide by ST feet deep by 88 feet Ugh out 
aid* and la dlrldad Into three ctorlee The walla are 
tool thick Bade up ot a barveylsed niokel steal 
armor plats lining surrounded with rock concrete rein 
forced with doobls and treble aectlooa of 138-pound 
nickel steel rails, Interlocked at all corners and bound 
with aaolttple angle frames and tie rode The outside is 
finished with a steal panelled cladding 
The mala entrance la guarded by a round door which 
is auule without stopping or rebates, and Is ground Into 
the frame for Its entire thickness of 88 inches. This 
door la of ootnpoeite construction the inner half being 
oi niokel gtael armor and the outer of east steal with 
concrete. Jail rods and antt-oxyaoetylene cutter burner 
proof tactions between This door with its bolt work 
and hinge* weighs SO tana and U eo well balanced that 
tf can be swung with out hand. 


An emergency door of coi responding thickness and 
construction bat of lesser else obviates the poulblllh 
>f lockout and furnishes means for ventilation the air 
being changed every two and one half minute* 

The three floors of the Interior are equipped with 
wLorlty closet* and aafes, filing futures trucks etc 
The floor* are finished with cork tile Stairway* afford 
communication between floor* and an elevator ia pro 
vlded for trucka and packages A level entrance la 
afforded by lowering platform* 

The vault ia provided with two systems of electric 
lighting a high tension which is reguUriy used and a 
low tension which is brought automa ti c all y Into service 
If the high tension fails. 

A complete system of calls alarms and telephones Is 
also installed, In addition to a telephone permanently 
connected to Central for use If a person la locked in the 
vault The night lights also run continuously 
Time locks are applied directly to each door which 
la solid and has no spindle boles the combination locks 


and b At throwing mochanlarn bring applied I the Jamb 
All of the combination and time locks and bolt throw 
ll g mechanism upon the Inside of the vault are covered 
with heavy steel plates which obviates an almost uni 
veraally weak condition where the putting of a small 
hole through the vanlt walls provides direct access to 
tbe locking connections 

A pritectid and electrically lighted dial with revolv 
lng iwinter* has been sut otltuted f r the standard com 
hlnatloo lock dial* this affording gnatvr convenience, 
and Insuring the operation of the c vmblnatlon against 
ol serration from anyorn except the operator 
Flectric protect) n I* at piled over the entire vault 
and la connected with Ctnlral Offlco service Ihe vault 
1* arranged for Ovsen all n ly mi ana of iatrol passages 
and mirrors aronnd the f ur sides undomcstli the bi I 
tom sud across the t p 

The work Is Are I roi f water proof burglar proof and 
mob-proof aud as a whole represents the vary last 
w vrd In high elans vault construction 


Rafrnetoiy Materials awl the War* 

Tub auocaaafol manner In which the German* have 
developed tba manufacture of various hast resisting 
materials Mi been dasriy demonstrated sines the ad 
vast* tt* war and as tima goes oo tha absence of «up- 
pUaa birnaim mora and mora trying in those industries 
where heat-nslating Materials are required Tbs menu 
factors of dssmlcal porcelain for instance, la almost 
tmknewp te Orest Britain, and w* have to depend for 
•unites* this w*ra on food* which are obtained more 
or Ms* awnpOitoutty through neutral countries such 
as fatten* and Besadtasvte. Tbs somite* stocked by 
dssAkf fava am (man very tags, and thesa were 
rspWy dtotetsd ate enoooragwl a aumbar of British 
pettote to malts BOBS atapte attempts at tha manufeo 
to» * toCnatesy parealajn, bat mort of them aoca 
ato»dto>» Hy ttatofe ttay could make ware which 
wiato tetetodaad sold ttto oosld not produce a porcelain 
vritt tba to —Hffl ve s w i to sudden change* in tempera 
to«g Utah fa to etormtortetto of tha Saxon warn Other 
tog totoM M te are bring continued, and it to hoped that 
toMfrMrtotoim* whfc* to ae Important to ohm 

Ml. 'fill Til iilidnsWiiTlj' tefatototorad la this matey 
ft aUto* £bt teWfaBy afchm fate hate basn paid te 
m IMhUKI gtttttot Mtetofeys, tea nte of tosed 
■WsnlSsto tatoalFumtet sa tt wfll amt 


f «d otter parte of ths 


Continent has necessarily ceased during the war Fin 
hrteka of equal refractor! was can be purchased in this 
country but they do not satisfy tbe teat* which tbe 
Continental builders of coke ovens consider to be eeaen 
tlal British firebrick mannfacturers are making ex 
tensive efforts to overcome these objections and are 
gradnaliy Increasing their ability to make firebricks to 
fit any reasonable specification They here much to 
learn however though they have made much more 
rapid pragma since the war began. Firebricks for 
furnaces and similar purposes where tbe specifications 
are lea stringent can be made ancnea sfu lly In this conn 
try though the prices Of firebrick* In extra Bnropeau 
conn trie* before the war were largely In favor of those 
made In Germany This was doe to the noth larger 
works organiaad oo an entirely different baste and 
working on a system of •dumping* which does not 
appal to British manufacturers It te a carton# feet 
that with inferior materials to hw .wnwmrmiy used In 
Great Britain, tha Germans bare toned out better fire¬ 
bricks and hare been aMe to guarantee result* to an 
extant which Brittoh firms bare found Impracticable. 
With competition tom eevere In tome rsapseti British 
manufacturers are now taming their attention to fan 
proving tha qualities of their goods, as In tlto past they 
hare ooaeentretod their minds on the production of 
cheap bricks. Witt adequate toehntoal assistance of a 
kind not gmterally available they wfli be able to make 
great Improvements In quality and should in time be 
able to product better bricks than any now on the mar¬ 
ket Batorta far tha teanafeetore of coal gas cannot 
now be imported teem Gectaany eo that gaa snginesrs 


art compelled to use tbo homo-mude prodin Is I Ian. is 
much divergence of opinion as to tbo relative values of 
British and Guman retort* aul Its has not been un 
usual to find German engineer* Importing British re 
torts while some British engineers have preferred to 
purchase German ones Here at.sin British manufac 
tnrere are trying to meet the demands sa far a* they 
are able to do aa 

Tbe chief difference between British and German re¬ 
fractory material* may be traced to tbe difference In 
tbe ownership and management of the firms In this 
country refraitory materials are chiefly mailt by men 
who bare worked tbemeelvee up from a small begin 
ning—or the deauendenta of such man—their (blef char 
actorlstics being that of a workman whose knowledge 
and experience hare been gained almost entirely in the 
workshop, and whose theoretical knowledge—either of 
chamtetry physics or mechanics—te almost negligible 
The German manufacturers of refractory materials oo 
tha contrary have almost Invariably bad a sound train 
lug in chemistry and engineering they approach tbe 
manufacture from an entirely different point of view 
namely that of the user turned manufacturer Donee 
qoently they are more Impressed with tbe need* of the 
user while tbe British manufacturer is chiefly lm 
pressed with the difficulties of manufacture and the 
limitations imposed by bis material If once this bias 
could be overcome—and the only remedy la tbe better 
education of tbe manufacturers— there la no question 
that better refractory goods can be made In Great 
Britain than can be obtained from the Continent foi 
the same prion 
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The Educational Scrap Heap and the Blind Alley Job ’ 

A VitaUy Important Economic and Social Problem 

By L. W. Dooley 

Iv there U one word In Um Hngllsh language which with them. The abstract or book minded child la oce employs ily two third* at the children that hare 

tlto roughly designate* the nplrlt of the modem age It who baa no difficulty la committing to memory abstract left school aa 0ocd’ da tha law allow*, by saying "It 
1* the word efficient*. In manufacturing, In merehan- principle* and like* to study books. Between these two la Ignorance on the part of tha paronta who allow tha 
dining, Id philanthropy, In church, on the farm, every- limit* an shades of different type*, The a mage child child to enter tin mill «r factory, and tent ngtOnr 
where we are convinced that preventable waste ii a la motor rather than abstract minded. power nor advantage la gained by entering tea Indus- 

thing to bo dlarovorod, to be corrected. To many men The teat for promotion In our present ecbool system try at an early age, and tea child who doe* enter an- 
the 1dm of efficiency 1* rattier Indefinite, meaning la a literary one The abstract minded child with hie soda tea himself with our most undesirable pcgmlatioil" 
something above the average, bnt not capable of any quick memory ha* no difficulty In pamtog the pro- In detrimental to tea child and organised Industry, 
pra-bia definition. As a matter of fact, efficiency la motional tests, while the motor minded child, without What a terribl* indictment to place am our factory 

very definite. It Is the percentage of useful work or quick memory, falls of promotion sod becomw what system. Let ns examine It and ase whether ft In true 

effect which Is obtained by man or machine In compart- the teachers call * retarded pupil. A child repeating or not. There are certain branches of Industry, nodi as 

son with what may be termed the maximum effect at- a grade feels test be Is a social outcast among tee textile and glass, eta, rsqulrlng low or medium grsds 

tainsblc. Manufacturers are not satisfied with tea pupils and loses Interest In school Then again, a skill that are absolutely dependent for ttrir operation 
mere entering of raw material Into tee factory, and child of twelve cannot be expected to be Interested In on e supply of labor of boys and girls between tbs 
the finished product leaving by another door. They the methods of teaching and content of Information ago* of fourteen and seventeen. A conesryattre estt- 
dcslre to know the amount of waste, ami are very on- adapted for a child of ten. mate baaed upon reliable information chews teat preo- 

naay If too much raw material In wasted or placed In There can be but little question teat our school ays- tlcally two thirds of the children that go to work after 

the scrap heap. Waite la repugnant to us today. This tern has lagged behind tee development of those forces leaving school go to work from tee immediate grammar 
Name cry of greater efficiency of tee modern time has of buslneas organisation with which they should be grades In tee above-named Industries, 

entered our educational Hystem. Cltisww and public clearly articulated. Our school system la only Jutrt The textile Industry employs more children at tha 

spirited men are criticising our schools through the now entering upon tea stage of efficiency which Indus- age of fourteen or under than any other industry, and 
newNpnpers and magaalnca. They claim that there ts try ha* long since considered. Nowadays educational consequently is held up to the poblte as the most liar 
great waste In our schools, the essential Is neglected, experts are beginning to see that the dull pupils can rant violator of child labor laws. It may be of Inter 
end tee boys ami girls are not properly prepared for life, be rescued and that stupidity has various causes, a art to study the kind of Juvenile work performed in tbs 
The practical abandonment of the apprenticeship In tee great many of which may be cured. In yean gone by, textile (employment) Industries. Both boys and girls 
country, except in s few Isolated places like Brown A If a girl or hoy did not got on well In school, be or she of fourteen or under can readily find employment in 
Hharpo Manufacturing Company. Is bringing about a wan mart likely noted as being just plain stupid, and mills performing simple and easy operations inch as 
want of skilled workmen which tbo modern Industrial called a dunce, and allowed to drag along until the doffing (replacing full spools on spinning trams with 
Hystem Is falling to supply. On the other hand tha day came, when he or she would leave school. These empty ones), piecing (placing brokUi'Rbda of yarn to- 
great number of unskilled workers has Increased, anil children have been referred to is the scrap heap of gather), supplying various adult machine operative* 
all at them have not been able to obtain employment, the public Kbool system. with bobbin* of yarn, etc These operations can only 

The great Industrial demand of the present, and of the Very wide and careful investigation/ have established be performed to great advantage by Children under 
recent pest is making this want felt more and more the fact that a great many iiarenta feel that whon their seventeen. What they do receive In the line of learning 
sharply. The whole country In awakeulng to the neces- children reach the age of fourteen they should go to Is the development of useful industrial habits that are 
altloa of the case, and demanding a remedy. Organised work. The children )e a few caaes are not obliged to very valuable during the period of Bdoleecence as they 
educational forces are moving rapidly hi the direction leave school because hi* parent* are very financially remain with the child. 

of making our school system more practical. able to keep him In school but because they (the pn- In all these Industries tbe work Is intermittent, that 

With the Idea of increasing the efficiency of our rents) went to work when they reached the age of four- la, It Is of a character that allows for periods of rest 
school system In this direction, a commission was up- teen, sod they do not see how a farther training In and requires tbe attention of the operators for not 
pointed some six or seven yean sgo to Investigate the the public schools would aid their son or daughter In more than two thirds, or half, tee time; therefore, it 
noed of practical education throughout tbe 8tote of direct training for oarnlng capacity. On the other hand does not require the consecutive labor demanding coo- 
MsmichnscttH. Tbe commission naturally tint studied tbe vast army go to work for economic reasons. This contrition, and tbe attention of the children and the 
the need of Industrial education in the great manufae- educational scrap hnap, designated by our present school care of tha machine. Children at this age, between 
luring center*. In the course of their Investigation* of system as worthies*, has great Imitative power and fourteen and so van teen, have not tee endurance, teat la, 
the condition of tbe employment of children between calamity for mechanical work and experiences no dlffi- the bones have not developed sufficiently to allow con- 
14 and 18 years of age. they found that nearly five culty In obtaining work at a high Initial wage In what seentive work. To illustrate: the average bey or girl 
sixths of the children In tbe mills have not graduated are called by our social workers "blind alley" or "dead of sixteen or seventeen will actually give In work at 
from tbo grammar schools, and a very large proportion end" employment, that Is, employment such as moreen- least a half hour a day more than the average child 
have not completed the seventh grade, while practically ger boys, attendants In bowling alleys, doffer* In mills, of fourteen or younger. The child of the same age, *lx- 
noue bad a high school training. To bo more specific attendants In glare factories, etc., In which the expert- teen or seventeen, will do at least B per cent more work, 
n couservatlvo estimate would be that every year In ence gained under tee preeent Industrial and educa- hoar for hour, with a correspondingly less amount of 
the State of Massachusetts from 20,000 to .10,0(10 boys tlonal condition* are *#ld to form no basis for ad- waste material and damage to finished product The 

and girls, on reaching the age of 14, leave the school* (ancement into more skilled and better paid work aa work will al$o require leaa supervision, and trill be of 

to go to work. This army Is four time* as Urge a* the child grows older. When these young men reach higher grade when finished. 

tbe group which, at approximately tbe same age, enters the age of eighteen they have passed their usefulness That Is the reason why the other so-called skilled 
the high Mmol. Only one of every *1* of these chll- In this type of Juvenile work, and find there are not trades, snch as tee higher brandies of tee metal and 
dren taking up some wage earning occupation ha* position* enough for them In other parts of tee mill, machine trades, the building trades, and printing trades, 
reached the eighth year or grade of the elementary and they leave and form our great unskilled army, and etc, do net care to receive boys or girl* anti! they an 

schools, only one of every four ha* attained the seventh fill our puhllc employment offices. There are plenty seventeen. Girls find opportunities In skilled trades 

year, only one out of every two the sixth year. The of position* In tho met»l trade, etc, demanding me- as typewriting, stenography, millinery, dressmaking, 
record of tho number of pupils that enter tee high rhanleal experience that these young men might fill machine operators, and are not wanted until they are 
school and colleges In Msasaehoaett* Is as good proper- with profit if they had received a training on tome kind sixteen or seventeen. The above trades at high grads 
tionnlly as any State to the Union. Bo that above of a part time baala while they were engaged to highly allow for Individual action, the pupils hare an oppor- 
figures would bo a conservative figure for tee rest of specialised Juvenllo occupation. trinity to study their work and make comparison* ba¬ 
the country. Tbe problem today la how to retain our Industrial tween their part experience and their dally work. It 

In most Btatca the law compels children to remain supremacy, our present Industrial organisation of high- also allows for tee Initiative and independence of the 
In school till they are fourteen yean of age, and under ly specialised work, and to develop the whole boy and pupils and lead* to a pmu ea alre deveiojxnent frost a 
ordinary condition! they should have completed the girl so that we may have snecemful men and women simple process to one requiring a higher degree of skill 

grammar school at the age of fourteen or thereabout with Industrial habits to live useful and happy lives, and Intelligence. 

Tbe question teat cornea to one’s mind la, Wby has not This cannot be done by groups of social workers In Why cannot tbe factory vatarn provlda this training 
this child completed the grammar school before going this country attempting to tear down our industrial to tbs tame w»y as aotne of tha higher branohea at 

to work? system by forcing unjust legislation on tbe community the metal-trades? Competition will not allow It Orett- 

The public school system la divided Into division! such as ootnpulsory full time education for children up or changes hare taken piacs lit tha organisation of 
called grades, baaed upon tbo chronologic age of the to *lxteen year* of ago or over. Our social and Indus- industries to tbe United States daring As Wet gaasra- 
lndlvldnsl. Pupil* are graded to a school to order to trial system la a growth, and we are it the present time tloa since tee factory system was to trofinoed than lor- 
keep sa far aa possible the mental and physical devel- passing through the transition period of a change in tog any other period In the world’s history, 
upment equilibrium. A great many children of the our industrial and social system, tha like of which *Mo industry shows this devetapment batter than the 
name chronologic age may he safely placed to tbe same has never been experienced to toy equal space of time textile Industry. Daring the past fifty-four yaart tear* 
grade to tee school, but since individual children differ during tbe world’s history. All this means readjust- hare been practically no Invention* involving now prfo- 
frnm each other In mental and physical development to ment* of oar social Institutions, particularly tbs educa- dpie* Of textile machinery, hot there torn been marrei- 
a marked degree, a wholesale classification ho* proved tlonal system. The school and factory mart work hand one Im p ro v ement to tea sOdeocy of tea machinery- 
In many cases to be Inadequate. In hand. The achool most supplement tlm factory to In order to reduoe oar *e-a*ll*i educational acrap- 

The different types of children may be Illustrated by such a way •* to overcome tee deadsntog effect of beep it is a sosset r y to change ottf epbool S/Steti to tfot 

a straight lino, one end of which might be called motor highly specialised work, and at the game ttox glre It wtU educate ter-Whole boyand girt 6f EhftOay. A 

minded and the other abstract minded. The motor a training teat will develop tee child so,that whSu ha mangel training as MT tWf t sfrafid; be ttteflhSd, to-' 1 

minded* or hand mind child Is one with a craving for has passed hi* twrfutosas In that Jovenfl* wprk be may every scbOot id tb^ oMtotryl CIhllM Bhoatf be taught , 
achievement, to do and not to study. Tie has a natural bare tbo training and intelligence to enter other lteto of as soon a* O*r«0 to MX** tfi t**a teste henffit, nates. ; 
dislike for bunks, and ttada It possible tq understand work. fatiMT «ad 

abstract principles only by having an actual expariaooe Any attempt to degn* OW factory Syria*, wtfcft gfMtoti to Afid. ft* *** tap«tni*;»irteSf 
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ba taigkt wteft t**grum Xh* Mas <rf all Chfe 
mB *mr bar fiH, wtai they nub the 

iD 4k fo ur teen. know how to ow thdf Uadi with 
mm degree ot okm, to be Tandy" to addition to the 
ordinary aoadsrate work. Tor the majority thk will 
not n iM ilt e f i xay More boon at work (school). We 


mind will be sttmulatad. la addition, the child win not 
Me* Ike school with a Healing ot repulsion. 

la order to look after the welfare ot the Individual 
child It t* Monetary to know definitely the time be 
should begin to work and the kind of work he Is able 
to da Physicians Ml us that the mental and physical 
ooodttlon should not be overshadowed by being brought 
Into UM before the development adapted to such use la 
csftabliebsd; and on the other hand, that functions, both 
mental and physical, are weakened by not being brought 
Into use when they are ready to be used. 

Tbli means that the mental condition ot the child 
should be carefully determined to see whether the child 
should be si lowed to work at alL Before this Is done 
it te absolutely necessary to know the kind of work 
the boy or girl la to perform. After It la determined 
by tests that be baa the mental equipment and the de¬ 
gree at knowledge neternary to do Juvenile work, the 
nest problem to be solved Is whether hie physical con¬ 
dition la such that this particular kind of work will not 
harm him. Since labor differs In character, occupa¬ 
tions should be classified and the boy or girl should only 
be allowed to perform the character of work that Is 
best adapted to his physical condition. 

It Is evident then, that some additional aid for deter¬ 
mining the fitness of an individual, either for his school 
or physical work, beyond the usual superficial examina¬ 
tions now conducted for fitness, should be required. A 
very eminent physician of children's diseases, Dr. 
Thomas M. Botch, has for some yean been making a 
study of additional means of determining the relation 
of physical fitness to certain degrees of labor and to 
school work. 

The dam relation which Is known to exist betwoen 
physical growth and the development of the epiphyses 
led him to make some Investigation by means of Roent¬ 
gen ray on the living anatomy of early life during the 
different stages of development A study of n large 
number of oases showed that under normal conditions 
all the’centers of ossification progressed with compara¬ 
tive regularity, and that the degree of development of 
the wrists and hands represented to a fair degree that 
of the entire body framework. This correspondence of 
the development of the wrists and hands to that of the 
rest of the skeleton Is especially fortunate, as It is evi¬ 
dent that the wrists and bands are the m<»t available 
parts for routine examination In a large number of 
cases. This anatomic relation has been sulwtantlated 
by other physicians of high standing. 

Bo that a more reliable and very practical method of 
conducting a physical examination may bo substituted 
In which results will show whether the child has the 
proper physical development to perform physical work 
of e certain character. This method of physical ex¬ 
amination Is at present conducted by the United States 
Government at their naval academies. 


The children who go to work in the mills leave school 
ut a very tender age, a time when they have little liking 
for school or Interest In the subjects they learn there. 
They have received absolutely no Industrial training for 
the work they are going to do. The Industrial opera¬ 
tions of mills and shops at today are so highly spe¬ 
cialised that the operators are not obliged to exercise 
any at the training they have received in school. The 
result la that they rapidly lose the habits of thinking 
and the power at Initiative, and when they reach the 
age of eighteen, end cannot any longer perform the 
operations of dotting, eta, on account of the stiffness 
of fingers they become dissatisfied and leave the mill 
and fonh the army of the unskilled. 

Bef or e the advent of the factory system Juvenile ap¬ 
prenticeship wee Okenmon on the farm, the household, 
and In the trades. The child wee taught the practice 
end theory of hie trade. In addition to learning the 
orderly proeemes of hla trade and seeing the necessity 
of continuous effort, he learned the practice of the 
amen eoonomlae which are the basis of frugality and 
thrlfb Be learned to fit means to ends and become in- 
gnkne find Invective, Ha Mined that when many 
worked together every little helped, end that only by 
mataal Mp could the beet results be obtained. 

\ W* Must act on the prlndpls admitted by everybody 



■aperiaoa bas shown that evmlng schools do not 
appeal to tired children. Boys between fourteen and 
seventeen have the "gang spirit” In them, and after 
working hard all day they desire companionship of 
their fallow workers on the street corners, or moving 
Picture shows. Their eyes, wearied with long labor In 
the day, cannot endure the fatigue of book work by 
night, but they ere revived and changed by the splendor 
of gay Ughta of the theaters and moving pictures. Phy¬ 
sicians confirm this experience by stating that while 
these children require education, they should not at¬ 
tend evening schools after working nine or ten bourn. 

It may be said, therefore, that while we have built 
up In the Industrie) centers of the United States at an 
enormous expense a colossal system of education offer¬ 
ing opportunity for s general education and prepare 
for admission to colleges and higher technical schools, 
we have failed to provide for the greater majority ox 
hoys and girls who enter industrial life In Juvenile occu¬ 
pation*. That Is, a practical relation between Industry 
and education for that great mass of pupils who are 
going to work with their bands as soon as the law 
allows. We allow the results of our educational system 
as far as these children are concerned, to be very largely 
wasted and lost. We cease to educate three alt Im¬ 
portant years, during which we all know that education 
Is most needed and valuable to our working iieople. 

The German government has solved the educsttonal 
problems In a more satisfactory manner than any other 
country. According to their scheme of education, every 
worker In a profession, trade, or commercial pursuit, 
must not only have a general educntlon, but tochnlcnl 
preiwratlim for tho iwrtlculsr work selected by him. 
lu tho United States we believe In the same policy, hut 
apply It to three entering the profession only, disre¬ 
garding the groat mass —DO per cent—that leave school 
at fourteen. 

Germany, by recent legislation. Insists that every 
child be under educational Influence till the age of 
eighteen. The child may leave the common school at 
fourteen. He may go to work, to n higher school and 
prepare for college or to u technical schisil. If he gore 
to work, he must nttorsi classes called continuation 
schools, classes to tho extent of eight or nine hours a 
week, lu the United States he may leave school at 
fourteen, and Is uot obliged to attend any other school. 

In order to ovpreome the educational weakness of 
our present dead end or blind alloy occupations, we 
must provide for working youths opportunities on a 
part time system, an education which will meet with 
their Interests and tastes, assisting each to become pro¬ 
ficient In some line of work that he may enter nfter 
passing his usefulness to the so-called blind alley 
position. 

Experience of educators lu thU country and abroad 
who have worked In large factory centers agree that 
It Is a positive harm to retain the great muss of chil¬ 
dren between tbe ages of fourteen to eighteen In n 
school on a full time basts In spite of the many asser- 
tlona from social leaders to tho contrary. They have 
neither the mental equipment nor the Interest to devote 
so much time to academic work. They have descended 
from ancestors that mature early In Jlfo and have In¬ 
tensely practical Ideas. 

Therefore, they should receive au education adapted 
to their physical and mental equipment—part time sys¬ 
tem of education. The educational training ou a |sirt 
time basla for boys In tbe so-called skilled occupations, 
Where tho re are sufficient opisirtunltles for thorn to re¬ 
main all their life should be for greater efficiency and 
civic betterment. For the boy In tbe ao-called unskilled 
or factory operations, where there is a lack for farther 
advancement there should be a trade training so that be 
may receive during the years from fourteen to eighteen 
the beginning of ■ skilled trade, so he may he accepted 
Into one of tbe skilled trades as a useful beginner. In 
this way the part time school acts as a port of entry 
from onakUlod to skilled trade, and removes the strong 
feeling that exists today that our present school la un¬ 
democratic In that It takes care of 10 i>er cent In the 
community and Ignores tbe 00 per cent who most work 
largely with their hands. It will meet the great edu¬ 
cational needs of our splendid Industrial system by sup- 
plamestlng the highly specialised experience with an 
antidote of, more general practice and theory. 

For glris In skilled vocations, tbe training must be 
for greater efficiency—e supplementary trade training 
In case of seasonable employments end a training In 
housekeeping. Since women have more or leu to do 
with tbe home, It la doubtful If there la a more effec¬ 
tive sy ste m of education than housekeeping. It will 
bring both health and happiness to tbe home. 

The efficient democratic school of tbe future must 
have a ooune of study In the elementary schools that 
win be adapted to the aptitudes of tbe gnat maaa of 
children who are motor minted and must be reached 
through the manual and objective methods of teaching. 
In this way pupOs wOl bs attracted to tha acfaoola and 


not leave ns soon an the law allows. Vocational ad¬ 
visors should be established to assist and direct chil¬ 
dren In selecting vocations and while attending com¬ 
pulsory part time education. Intelligent selection of 
au occupation la the result of Intelligent preparation. 
We cannot expect young people to find themselves voca¬ 
tionally without furnishing them with any raw mate¬ 
rial for thoughtful selection. Our public school system 
should audit our social eocounts and publish the oppor¬ 
tunities available to young people, that they may choose 
their life work scientifically, and in this way reduce 
our acrait-lieap of unskilled labor to a minimum. Blind 
alley jobs will then become ports of entry Into more 
skilled and profitable positions. 


Trinitrotoluene In the War 

In a recent article reference was made to tho high 
explosives used as bursting charges for shells, tbe most 
important living tho muoh-disoussed trinitrotoluene, used 
largely l>y the Germans. The following summary, from 
Nolan, of an ablo contribution on the subject, published 
in the St. Tkomai'i llotpiinl (laieUe for Dooembtw, will 
prove a useful supplement to thA previous article. 

Few peoplo realise the exacting conditions whioh a 
high explosive for sheila must fulfill; these may ho sum¬ 
marised as high bursting power, stability in storage, in- 
sensitiveness te shock on firing from the gun and on im¬ 
pact of the projectile, where it is desired that penetra¬ 
tion shall precede bursting. Vet it must be possible to 
cause the material whioh withstands such drastic treat¬ 
ment to detonate when required with frightful violonoe. 
It is a ease of reconciling the irreconcilable. Further 
points are safety in handling in tho shell factory and the 
suitability for producing maximum density of loading, 
say hy some such method as melting and pouring Into 
tho shell. 

Tho brisance, or bursting power, Is shown to depend 
on the potential energy of the explosive, tho velocity of 
detonation, and the degree of eonoentratlon (density of 
loading) 

It will Imi realised that few substances will fulfill suoh 
conditions, and the numlier will be still further reduced 
by difficulties and cost of manufacture. Tho paper 
dismisses the four most important explosives whioh have 
been triod for this purpose, namely pierio acid (lyddite), 
trinitrotoluene (TNT), tetrenitromethylanlllno (totryl), 
and trtmnitranlline. 

The trinitrotoluene is the symmetrical isomer (1:2: 
4 :0) melting at H0.8. It is manufactured by dissolving 
orikonltrotoluone In ooneentrated sulphuric arid, nitrating 
first to tho dinitro and finally to the trinitro stage, the 
purification bring effected by rerrystallixation from ethyl 
alaohol containing a little benzine. 

Data are given of comparative trials of TNT and 
picric acid, both in France and Germany. In velocity 
of detonation and with the lead block lest (inereaso in 
si sc of cavity on firing a charge) the advantage is with 
lyddite, as tho following figures demonstrate: 

Lyddite. TNT. 

Velocity of dotonstiun 7,746 7,140 meters per second. 
Lead block test 228 218 cubic centimeter. 

TNT caused, however, a greater displacement of earth 
than lyddite when fired In a bore-hole 1 meter deep. 

Except in tho last instanoe, ploric add held a decided 
advantage throughout, and the question at oooe arises: 
Why, then, has trinitrotoluene been adopted by Germany, 
Russia, Italy, and other countries in preference to the 
picric arid that is still mainly used by us under tho name 
of lyddite, and by Frame undor the name of mdiniloT 
Tbe struggle botweon the two explosives hsa been long 
and of doubtful issue, but it has now probably ended in 
tbe victory of trinitrotoluol. 

In furnishing the answer to this conundrum the writer 
continues: 

We have seen it to bo inferior in regard to ltower, 
velocity of detonation, and density of concentration; its 
advantages lie in its greater insensitiveness to shock, 
Us freedom from poisonous dust and fumoa, the much 
lower temperature at which it can bo poured into shells, 
and it* chemloal indifference to substances like lead and 
iron which are liable to form dangerous plenties. When 
firing a shell against a ship’s armor, at certain limits 
of tbe thickness and toughness of tho armor-plato and 
of the velocity of the shell’s Impact, picric arid would 
explode when trinitrotoluol would perform Its work 
efficiently, and the latter in therefore bettor adapted to a 
high-velocity shell of large caliber. 

Since TNT contains too small a percentage of oxygen 
fur oomplete oombustion, attempts to use it incorporated 
with bodies rich in oxygen, such as potassium chlorate, 
havo been tried. The Belgian high explosive, "ma- 
rarite,” is stated to consist of GO parts of TNT and 70 
parts of lead nitrate. A very high density of loading 
is thus attained, but the velocity of detonation of ma- 
carite is given as only some 4,000 meters a second. 

In oonoiudlng his articlo, the author says that totran*- 
tranfllne nr totryl seem to be the only known tultsUnnu, 
that may supersede trinitrotoluol. 
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Gyrostatic Action* 

As Applied to Torpedoes, Submarine Craft and Aeroplanes 

By Jaa. G. Gray, D.Sc., F.R.S.E. 


11 In the object of the present paper to dim Ibe n 
nuiiiUr of gyrostatic dec Ices available fur routrolling 
timing bndles ibe gyroatatlc motor can and bkyclea 
n tilth are described In thin and my previous paper to 
tin Institution abould bo retarded merely as a kind of 
l \ It iduct the real object of my work on gyroautlce 
Ins been directed to the production of gymstatlo con 
tic Is fur torpedoes aubmarlns craft alrsblps and aero 
I lains 1 be motor cars and blcyclea do however prove 
i n litaltely that the principles and methods of opera 
tton that have been evolved an dynamically correct, 
umI tbat the application of tbeae principles to problems 
f Hubmarlni and ostial warfare promises to insult in 
Hit production of machinery of gnat valno 
In nil the enscs considered In the present patter the 
siiilillllv of the gyrostatic system In derived directly 
■ t liullrcitly from the propelling syntem Hence these 
ini h do not Include solutions of the monorail problem 
for they have not ttue stability when they are at rest 
turning In the backward direction rite tandem 
a heeled motor curs to be described for example 
although they may be eat to ran In a perfectly straight 
path will not balance on a single rail The devices, 
however have properties which are not pose a mid by 
any of the monorail devices so far evolved and it la 
these very properties which promise to be of value. 


suppose It to tut over on the table A* a cooasqnance 
the gyrostat precs s sea about the men bearings, tad the 
I (recession la aided by the spring, with the remit that 
the frame erects Itself into the vertical Bet at the 
Instant it which tbs frame has attained the vertical 
the spring in out of line with the frame, and la exacting 
a moment on the gyrostat. Under the tnfiuenoe of this 
couple the gyro sta t conttones to process about tbs Una 
of contact of the feet with the table that la, the mam 
frame paa MS beyond the vertical position, after which 
the lateral Instability of the entire structure results In 
the establishment at a couple tending to aocelenta tills 
preceaaloaal motion This couple causes prscaaalon 
about the mss bearings bringing tbs crank and spring 
Into line with f but when this alignment occurs the 
entire top Is Inclined from the vertical, and so on. The 
amplitudes of these oscillations oontlnuaUy Increase, 
and finally the top falls over 
Again suppose that, starting as before with f, and 
the crank In one vertical plane the crank gets out of 
line with t As a result the spring exerts a moment on 
the gyrostat which, In consequence, preesases about tbs 




It to necessary that the sosegy distorted la friction 
shaaM be mads good. 

Returning pew to 1% I, It win be seen th* the *8t 
top Is provided with two projecting pieo* Ik. fe dm 
signed it may be set op ton fact sad pedgstsl njonrtto» 
aa toxurn to Fig X Tbs fly-wbsal of the cynftst to art 
tote rapid rotation, and the arrtugimmt sweated on 
the fork with the frame 1 end tbs erank to one vMttat 
phum. TTO fork la grasped tn the hand of tbs sxptki- 
mentor. Mow, suppose the arrangement to tilt op the 
fork bearing b, «, The gyrostat p n f —m m the 
boatings that carry It ea tbs frame, and hwuedtttoto * 
conpla doe to the spring, touting to accelerate the pro 
eemloosl motion, comas into existence. At the tame 
time the experimenter tone the tort, so a* to bring Urn 
frame Into line with the crank Providing this op** 
tion to properly carried out the frame to restored to 
the upright position and the crank IS hi Hue with It 
The spring has supplied energy to the frame to r*tor- 
Ing It to the upright position, gad the potential ansrgy 
lost by the wring has ban made good by the expert, 
mentor Thus the experimenter, by cawing the frame 
to follow up any p r s ra s rioml motion at the gyrostat 
andowa the system with esmplets stability 

Mow, 1st a weight W be attached to one side of the 
frame. Thto at one* ca n s* precenrion of the gyrostat 
and the establishment of a eoupie dee to the spring 



lit t Ig 1 la shown a form of atilt top A gyrostat la 
mounted as shown In a frame f The gyrostat to on 
cioaa bearings carried by / When / Is upright these 
bos rings are In a vertical Hue The crank o, which to 
rigidly fixed to the frame of tbo gvrootst, to attached 
to one rod of a stretched spring 8 the other end of 
which In fastened to a point p In the main frame If 
the fly wheel of the gyrostat 1* act spinning and the top 
placed on a table with the plans of the fly wheel and 
the main frame f In the same vertical plane, and left 
to Itself It will balance for a considerable time If tbe 
apln la great Initially f la In the name plans as tbe 
spring 8 Tbe stretching force la the latter, therefore, 
exerts no moment on the gyrostat about tbe erase bear¬ 
ings which attach It to f but aa soon aa the gyrostat 
pm room on the latter bearing* the crank gets oat of 
line with the frame and tbe spring exerts a moment 
In tlie direction of the processional motion 
Ibe entire top when vertical to unstable without 
rotation of the gyroctat flywheel, about the tins of 
contact of the feet with the table Farther In cooee- 
qaence of the stretched spring tbe gyrostat Is unstably 
mounted on tbe frame Thus Um gyrostat to doubly 
unstable without rotation of Its fly wheel 

I lie nitlon of tbe top la as follows Starting with f 
In n v ci tlcal plane containing the crank and spring, 


line of contact of the feet of the top with the table 
Thto processional motion to automatically accelerated, 
and tbe apring la thrown into Una with f, which Is now 
Inclined from tbe vertical ind oo on 

It will tbns be oeen that starting with the main 
frame and the aprlng contained In one vertical plane 
the top balances and If the spin to great the balancing 
power to very considerable. Bat there to not true 
stability oscillations are set up The frame oedllatea 
to and fra on the lags tbe gyrostat oscillates to and 
fro on the bearings which attach It to tbe frame If 
the stability wars real tbe top. If started In an inclined 
position would erect Itself Into the rartiosl one with the 
spring In tbe plane of f 

It to Interesting to consider the action of thto top 
from the energy point of view Tbe entire structure is 
unstable on tbe le*. and thus posse** s stock of po¬ 
tential energy Again, potential ansrgy Is stored In the 
spring Obviously the entire stock of potential energy 
le a maximum when the top Is upright with tbs crank 
In the plane of f When the frame tots on Oh toga, 
and tbe gyrostat tarns on tbs trams heart** my is 
dissipated In friction. Consequently, once the frame 
has become Inclined to tbe vertical, or the crank 1 ms 
got out of line with the tram* the system cannot ret urn 
of Itself to the position of maximum potential energy, 
that to, to the position In which the erank and trams 
are in one verticil plans To obtain oomptota stability 



The exparimentar turns the fork so os to bring the 
frame Into 11ns with tbe crank Hw-e energy to being 
transmitted from tbe spring to tbs frame by aws of 
tbs gyrostat, and at the *me time energy to hah* 
supplied to the aprlng by tbe experiment* Tha frame 
tarns on the fork bearings, so as to raise the weight 

until tbe center of gravity of tha entire-gsresnt la 

vertically above the tint of t, k» The aprlng Is now In 
llna with tin tram* and aonseqne n t ly its stock * potoo 

ttal energy Is precisely that which It r-^ilf at tha 

start of tha apartment The enemy required to nice 
th e weight a gainst gravity has been supplied fay the 

Fig, 8 Utaatratos the application of tbe prindptos 
Jo* described to tbe construction of tirowhsatad and 
fourrarfaedad gyrostatic motor oin Tha figure shows 
a car to which the whoa* of which th*e are twe, ran 
to tomtom. Tha gyrostat , b mounted an tap and 
bottom bearings provided to the mala frame W, One * 
tbe art* which carry the gyrostat to extended, and 
terratoat* In a bearing for one ad tha wheels W, at 
thee* The oepatrarttan to sueh that thto wha* to la 
the plant of the flywheel of the gyroetat tie back 
wheal to gwred ep to driving machantom. Tbe gyrostat 
is httad with a crank and wrtag devicst a* steady 
descrihad. Atrawa on the wheab tedbnte the dkeetton 
of mutton of the car. 

L* U» dy-whe* »e art trio rapid rotation, and the 
car dee* on the ioott wife the auttt trams the fly 
whs* of the gyrostat the two wheels exporting the 
•tovicn end the creek to one rortienl pins. » w* he 


theesr wSbobnoecn the th«l*tart 
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to* *1 1 * w l|h to»groond.ud»— « « proeredate 

tiwfirflMpft- 

fitto* 4*7tw to* Braw Smtrm tto riabtoato g 
ft** ttata 4* fl0H*t «d wta* tti at** «f potential 
■HV »**■*•« *F tha taring la drum dpon. an equal 
Mi if Mfltar te tartMntlially rondted to It by to* 
propm* **& m* gyroatit thu* detect* any ten 
daMt to Wt In either direction, mile apon the *>ring 
to tha naresaary correcting foreaa, and upon the 



M W 

rig. «<-Gyre*tatte wHot-tu flute wtth CM 
trotting wrighta. 


pnpaitor to Maintain constant to* snorgy p o wiaaa d by 
(M to | i n i 

Tha gyroatetio aettoa of tu* dark* la Illustrated 
graphically In Fig 4. fluppoa* to* ear to Kart prefectly 
balanote and upright. This oondltka U abown In (1) 
of to* diagram (A) of to* flgur*. lb* arrow at 
to* back of th* car ton to* diractloa of motko, and 
too furred arrow attached to tha gyroatat Indicate* the 
direction of rotation of to* flywheel The angular 
momentum saay be completely npnasntad by a atralgbt 
line drown oat flom to* flywheel toward to* reader 
Tboa at la the apto exte. Mow toe car la unatabl* about 
toe line of contact of to* wheel* with to* ground, and 
baoca, attar a abort Interval, a tendency to tilt In one 
or otter diractloa will aaaert ttaolf fluppoa* that when 


to* car la in to* position (2) there exlata a tendaocy of 
toa deftoe to tilt toward* toe reader Thla tilting 
oonpl* to wpreeented. according to the natal 

contention, by a Ua* a, (toe couple axla) of proper 
length drawn aa abown In (2) toward the back of to* 
car The gyroatat proreaae* m that a, torn* toward toe 
‘nriiatwitv"* poeltian of a. to* crank comm out toward 
to* ebemrer, and a couple tending to turn to* gynetet 
ooanttralodtwton •• viewed from abov% la established. 
Tbto eonpla to npnmntad by e, to (S) The gyro- 
teat now prooamm ao that a, norm toward tha Intean 
tanaoaa position of ■» that to toa car wrote ltaelf 
agateet gravity, It moral away from toa reader aboot 
to* line of contact of too wheels with the ground. The 
tilting couple to tons reduced and Anally annulled. 
Tuitoer, and tola to a point of toe greatest Importance, 
In rnmanpiteira of toa fact that the gyrostat to teaming 
to* ear. which to moving to too forward direction, toe 
want of alignment of to* crank and car to being re¬ 
duced. Thu* a, and a, d imin ish together, and to* car 
II Anally left aa to (4) of to* top diagram 0 f toe figure 

Mow to Investigate to* annulment of to* testability 
lutr odooad by the crank and spring This will be 
understood from the lower diagram (A) of toe flgure 
to (l) toe ear I* abown balanced In to* upright potetion 
with to* crank te line with F Buppore It to gat out of 
lint with toe ear without there being any tendency of 
toa latter to tilt (tola may be do# to a Jolt) Ut the 
dhptaoamteit of tot crank be towards tha reader Tha 
couple brought Into axteton ea by toa want of alignment 
teropnaroted by a, ad (I), and to* gyroatat turns ao 
that«, mores toward to* toteaatansoa* position of *„ 
the ear tana over from to* upright position (away 
from to* reader) and a coup!* up cme ntod by «. of (8) 
oemm Into play The gyroteat now turns on the vertical 
bagriihM I* toa tonetta which iroolte la to **>*»« 
toward to* iMbtttoaaooa potetom of a'r-toat to la the 
dinette which bring* toe croak tote flat with tot ear 
Ha*-tempi* «w to want of alignment of to* crank and 
tram* dteapp**r% bat to* ear la left ladlned to toa 
roteteh thi teaga ta ahaarn to (4) Tha gyroteat la 

..top ca toa rartkal baarlnta. sad a couple wpro- 

halted by < (8) te tetroaooed. A* reaultla* procro 
d tei l defte and the torward mriten roauK to*, and 
gate eat at ishlie i aa ahmdy explained, and 
toatitette Ifltefl** shewn to («). It 1* now upright. 

rfaafirattUms-- 
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stat y — mh ta utete g mt alewly Tbe tctte to 


Mtf*Wtotototo < 
l»*U»««nrta 


M *»«**>**•*•* 
ptetoto*-MW attrotoaga 
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derle* an, beworar greatly added to by attaching a 
wuight W to to* frame of toa gyrostat ta abown te 
Tig. 6 (a) and (») if tha gyroteat la spinning te toa 
direction te which to* wheel* of to* ear rotate, too 
walght abonld bo placed u te (a) If toe direction la 
rorarsad toa weight should be aa te (b) Consider 



Fir l 


diagram (a) Let a aide weight bo supposed attached. 
The car banka up against thla weight, with the recall 
that tot line of tha frame bearing! becomes Inclined 
to the vertical A couple acting against the spring la 
then applied by W A eteady etate la soon arrived at 
In which the couples applied to the gynstat by the 
spring and by W are equal 1 he car le nut sufficiently 
banked up to account entirely for the side weight and 
the gyroatat processes continually The car moves In a 
circular path 

When the aide weight la removed the device 
straightens ltaelf out and proceeda In a atisight path 
Attaching the side weight to tbe other side of the car 
cause* tbe latter to move In a circular path te tbe 
opposite direction to tbe former one 

big fl la a [holograph of an actual working model of 
a two-wheeled cur constructed on tbe above principles 
In this model the front wheel I* the driven one The 
gyro*tat Is carried cm the main frame on vertical boar 
lugs It steen the back wheel through a link attach 
meat Tbe car Is available for demonstrating tbe prin 
cl pies which bare bean explained A much larger 
model provided with an electro-magnetic steering devi e 
capable of being actuated by tbe wlrelem transmission 
of electrical action baa been constructed it la housed 
te the Bdence Museum Booth Kensington 
(To to ooariadte) 

The Effect* of Beadi on Electrical Conductors 

In a abort article In the BriHik WotUngkoota Oaerile 
Mr P Jackson dlscnama tbe effect of bauds and loops on 
the Inductance of a conductor It la frequently stated 
that tbe leads to and from apparatus—a lightning 
arrester for example—should be aa straight as 
passible because abort comers snglsa etc Introduce 
an undesirable amount of Inductance This, Mr Jack 
son contends Is not strictly true. The only reason for 
avoiding cornets and bends, ha points oat, 1* that a 
crooked line cannot be the shortest one between two 
points In fact, no matter how crooked and Intricate 
the path afforded by a conductor, ao long aa one loop 
does not 11a over another Its impedance cannot be groat 
ei^-and la te fact somewhat lore—than that of the 
same conductor stretched out straight Those who have 
been te the habit of looking upon loops and bends te 


n* i 

eooduetora as detrimental from tha print of riser of 
low lndariano* may tool Inclined to reject title state¬ 
ment, bat te tapport of toe argument Mr Jackson pots 
forward tha foUowteg Illustration The Inductance of 
a ateglt tan of wlr* te to* flora of a cirri* te doable 
tost of a similar loop of half toe diameter Coore- 
qnmtSy tor s ta fls r loop* to* lnduetanoe te proportional 
to the length of tha wtr*, In other words, the Inductance 
te toe eaiM par flat of wire 
It to* loop be made very Urge, that a email section 
of it te appwxtimitely t straight tine, and Its Inductance 
say b* eoUtowd to be equal to that of a tonight 
wi n. Bases the ludu ota o ca o f a to ot of win carrying 

part to a a**D loop « a tam on* or * toxaltht tua- 




doetor Tha diameter of tbe wire however has an 
effect which has not been considered and furthermore 
to* statements do not apply to ooQs te which there are 
two or more tarns For the statement to be strictly 
true to* diameter of the conductor must vary with toe 
ate* of toa loop if not, the lnduetanoe Increase* slightly 
more rapidly than tbe linear dimensions of toe loop 



Fig 2 


Nefflw lint thla however the statements may be taken 
as corrwt. Assume that loop B In Fig 1 haa twlw 
the linear dimensions of loop A and of course an area 
four times aa gnat Suppose the are* of A be divided 
Into aay 1000 little portion! i A and the tlrcumtercoco 
Into a smaller number of short area d a Weawdhld# 
up the loop B Into tbe aame number of portions and d A 
will of course have four time* toe area of d A and 4 b 
will be twice aa long as da Now i b being twice aa 
long as da the magnetic effect of current flowing 
through it at any point will be twice aa great Small 
elements also Uke dA and dB will be magnetically 
affected by t a and d b Inversely as the square of their 
distances from one another 

In general since the linear dimensions of A are twice 
those of A distance A will be twice as great aa distance 
r and tbe magnetic effect of a given current in t b on 
g B will be one half tout of a similar current In A a and 
i A However the area ot dB being four times that of 
d A and ita flux density one half as great It will contain 
twice tbe flux There being the same number of ele¬ 
ments i A and d a as there are d 0 and d b the xanir 
conditions bolds for the whole tlnles or loops of what 
ever shape ao long aa they are similar la other words 
tbe flux for a given current varies directly with the 
dimensions of similar loops and colli and the Induct 
awe la the same per unit length of conductor 
Now suppaae that loop B were many time* an large 
as loop A ao that a length ot inch conductor equal to 
loop A from p p would be practically a straight line 
Nogin ting the Influence of the alae ot tbe wire which 
was referred to above, Its Indui lance would be the 
aame aa loop A Thus loop A from p to p ha* no greater 
Inductance than tbe aame conductor stretched out In a 
straight line In other words bends loop* and corners 
are harmful only because they Involve more condiutor 
and not becanae such loops and bends la toemaelvta 
Increase the Inductance But this Is not tha ease If oue 
loop overlaps the other as abown on the right of Fig 1 
In this case the Inductance increase* In general aa the 
square of tbe number of turns Sharp paints are bad 
whether at bends of the conductor or elsewtwre tut 
f >r reasons due to the static rather than the magneto 
Add The production of magnetic lines around a con 
doctor or through a coll by magnetomotive for* Is 
analogous to tha flow of current through a resistance 
as the remit of an electromotive force In oue cue 
the flow of energy is proportional to toe value Bl A 
bring tbe preseure and I the current and te tbe other 
case tbe stored energy 1s proportional to tbe value B B 
B bring the magneto-motive force and A the flux dons 
lty With a given loop or coll if H be doubled by il ub 
ling the amphres A will also be doubled and their i rod 
net or the stored energy will also be four times is gn at 
The same te true If the eleriaramottve tone api lied to 
a fixed resistance be doubled—tbe energy Inpot la quad 
raided If a cell of given shape baa toa number of 
turns doubled tbe value of B tor the same current 1s 
doubled and tbe magnetic reluctance remains the aame 
so A te doubled and B B ot toa stored energy te quad 
rapled In this cue also, u toe stored energy per unit 
currant 1s quadrupled the value of £ or tbe coefficient 
of aalf Induction which I* a measure of this value 1a 
oormpoodtngly quadrupled 
Thla fact that the stored energy te proportions to 
B A develops another fact which la sometime* uusud 
pectod. Taks a oril rath u that shown te Fig 2 with 
an iron flux path. If there te no air gap tbe flax per 
unit current te greatest, but toe stored energy for a 
given flux te not If an air gap (7 be Introduced the 
value of B moat be largely Increased on account of 
the reluctance of the air gap The stored energy u B 
then beooaMa correspondingly greater It tbs oril te 
in n series relation to the circuit it te mart effective If 
tb* llr gap 0 te Just large enough to permit saturation 
of to* iPOB dreattv— TO* B agl a ear 
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The Future of the Police Arm* 

Considered from an Engineering Standpoint 

By Henry Bruere 1 


Tnr author states a* hi* rewon for a discussion of 
lh< pro! Ii m* if pi lice administration at a meeting 
of moohatuca) ingmwrs that the moat niglootod Hold 
of public Mrwe in America ii the polieo department 
There i> no part of municipal admuuitration not lUelf 
in tho engine! ring category that more urgintly noeda 
thi aid of engineering method* than doe* the polka 
arm lit make* thi* assertion on two aaanmptioni 
with whiib he says them may not be general agree- 
mi nt The flnt aimumption n expreaaed in a definition 
of the aubatanoe of the engineinng method The 
swond assumption is expressed in a definition <4 the 
fu notion* of the polloo arm lhiae definition* are as 
follows 

a The engineering method consist* of applying 
srlentiflially determined knowledge to the execution 
of a particular problem and the use of ordered and 
analysed fait* a* a basis for formulating oonolumons in 
respect of that problem A* a result of the repeated 
application of the engineering method to Ilka or similar 
problem* a technique is established for achieving a 
partu alar obpet repeatedly with least waste of energy 
and rieouroe 

b The function of the police arm of government is 
to ascertain all the facts regarding the phenomena of 
crime and disorder and by the uio of those foots as a 
basts for notion direct and collateral to minimise and 
extirpate crane and disorder 

In respect to the functions of the police arm the author 
says that generally until now the functions of the police 
have been assumed to be something as follows 
a General enforcement of certain lawi and ordi- 

6 h nforeement of certain other laws and ordinances 
selectively according to the feasibility of their enforce¬ 
ment and the (tab of public opinion regarding them 
a f nforeement of oertain other laws and ordlnanoee 
on complaint of ptrxons injured by thmr infraction with 
particular respect to the perpetrators of the injury 
d Repression or prevention of anme and disorder 
by the proows of tacit intimidation In other words the 
brass buttons and swinging night stick 
c Physical and militaristic tuj prwsion of express 
disorder such as not* and street brawls 
/ Investigation of crime committed for the purpose 
of tracing identifying and apprehending the criminal 
g Performance of inspections regulation of traffic 
rendering aid Vo cituens and miscellaneous other in¬ 
cidental functions that are committed to the police as 
matters of oonvenb noe and are not geneno to the p >1 k» 
problem 

The one oummon Ideal of police service that has been 
developed in Amenoan cities is that the police must be 
physically well-conditioned and personally honest Thu 
is about as far as any A mem an city has gone with the 
possible exception of Tibd i under the rule of Brand 
Whitlock and New York city to-day under tho adminis¬ 
tration of Mr Mitrhel and Mr Woods 
In the minds of the conventional police criminals 
divide them alvei Into four groups 
a Aliens enemies of society violating the rights 
safety and peace of a community to be put away 
thus gotten nd of 

b Native moomgiblee endowed with natural per 
varsity namely the familiar thug the gangster the 
crook 

e Fortuitous onmlnala who bei ome subject to police 
action because of moral lapse or temporary aberration 
Or as belonging to 

d A miscellaneous group Including special and in 
dividual eases too numerous to isUlogue but compre¬ 
hended generally in 174 items of the standard crime 
olaasifloation as used, for example by the Now York 
police 

There has been no recognition of crimes as the eonse- 
qutnte of remediable social conditions or the offset of 
individual abnormalities either physical or mental 
resulting from removable cauaos 
Thera should however, be a statutioal bans for poltee 
work as there u a statistical basis for engineering work 
Then u nowhere in the world a collection of social 
data so potentially useful to the development of a com¬ 
munity as lie in iviry great municipal police depart¬ 
ment in the record* of arrests in the records of crime 
dupoubon in the Investigation of dimes m tha note¬ 



books of policemen and in tho memoranda and reports 
of detective* 

In the report of the New York poliee department for 
1913 the only reference to theee records le found in a 
angle sentence under the heeding Bureau of Records 
During the year 1913 there were reeel red and filed 
in the Bureau of Records a total of 83 018 doeumente' 

New York city employe 11000 poUoemen who made 
119 730 arrest* in 191d It has a detective bureau of 
ISO detective* who investigate 35000 oases of on me 
a year but it has not a single employee engaged on an 
analysis of the facts brought into the archives of the 
department in the form of reports on investigations 
and records of arrests Commissioner Woods is the 
first police commissioner in America so far as the author 
knew who has thought it worth while to put In hu 
budget a request for statistician* Next year he will 
have a statistician under the supervision of a deputy 
trained in statistical analyst* who will study current 
police conditions and polio* work Not only u he 
taking thu step but he u utilising every member of 
tho force as an agent for gathering social facts respect¬ 
ing *uoh matters as unemployment destitution im¬ 
proper guardianship upon which intelligent police work 
must be predicated 

While it is generally known that ooonomio dll trees 
and unemployment lead to an increase of small crimes 
against property and the breakdown of natural seif- 
oontrol no American police department has ever an¬ 
alysed its records to correlate degrees of unomploy- 


roeatal attitude towurfc breakers of th* law and vio¬ 
lator* of th* public peace and social rights of th* com¬ 
munity is sot advocated On the oontrary, a very 
drastic action Is favored ragnrdnv them when (uoh 
actum doss not defeat its own purpoas It is recog¬ 
nised that the existing product of soalal environment, 
of disease, at mental degeneracy, of moral psrvenity, 
cannot be dealt with through eliminating conditions 
wboh breed them but have to be dealt with through 
our penal machinery and will probably soon* or later, 
for the protection of society, beoome the subject of police 
action 

A very considerable part of present criminality can 
be eliminated by intelligent preventive action This 
preventive actum should be initiated If not actually 
taken by the poliee To Initiate it intelligently, the 
poliee must act not on general Information or impres¬ 
sion* but on carefully gathered data. Them data 
will not in every instance point to (dear oonol u rion* 
or be capable of definite analysis The work of cor¬ 
relating crime to sodal oonditloiis is practically un¬ 
tried If law and order he at tbs bash of industry, if 
sexual adjustments are essential to sno n o m lc welfare 
and civic development then no section of the com¬ 
munity can ignore the police problem It Is particularly 
important that engineers who are the expert advisers 
of our industrial and economic life should make their 
special expmenoe available to pohoe administrators 
in formulating a method for arriving at the fact* under¬ 
lying the police problem 


meet with perpetration of orane and Ahus furnish the 
basis for pohoe activity with regard to unemployment 
New York city however has had this matter forced 
upon its attention Conditions of unemployment last 
year furnished the opportunity for anarchistic agita¬ 
tion demonstrations of violence invasions of churches 
anil other disorderly practise* on tho avowed theory 
that only m this way could the puhlio be brought to 
realise the crucial importance of unemployment con 
ditions 

Theee violent manifestation* of disorder whieh had 
their relation to conditions of unemployment occurring 
in 1914 make it seem a natural function of the polloe 
to asoertain the facts regarding conditions of unem 
ployment in 1915 The poliee department is the logical 
agency tn call the attention of the community and 
other bruu-he* of the government to the need for t*I""g 
some constructive steps to mitigate abnormal unemploy- 
nunt 

In Ntw York one of the pruuipal problem* con¬ 
fronting the pohoe n control of traffic It was never 
conixived by the builders of modern citiee that thor¬ 
oughfares intended for residential purpose* and often 
(rowded with children would be utilised by high-powered 
motor truck* and automobile* and that many itzeeta 
designed for local traffic would beoome the thorough 
fare* of a vast population As a result of this condition 
there are lolled each year m the streets 445 persons 

It is peculiarly the function of the pohoe depart¬ 
ment to work out mean* of preventing this appalling 
condition because the polioo department is charged 
with responsibility for regulating traffic Up to January 
1st of this year New York aty s pohoe did not record 
information neoeassry for an intelligent analysis of the 
conditions surrounding the death of persons in the 
streets although they are required to report the facts 
regarding each occurrence os a part of this ooronsr's In¬ 
vestigation 

By foe using the attention of pohoe cap tains and 
patrolmen on the incongruity at using congested traffic 
street* tar play spaoes for children, th* present poliee 
commissioner obtained from patrolmen and thsir officers 
suggestion* concerning the use of vacant lots for pkty 
purpoeos and for closing to traffic during oortain hours 
of the day street* used by children for play The bum 
fact that the pohee themselves fomulato such stogie 


The latter part of the paper deals with pohee organ¬ 
isation Involved in this ape questions of training at 
officers selection of officers ratings for efficiency and 
selection for promotion enforcement of discipline 
methods of compensation welfare activities, including 
educational work medical supervision and provision 
for insurance and pennons These venous questions 
are discussed briefly The author say* further 
The outstanding fact regarding conventional pohoe 
organisation is that it is military and tha outstanding 
fact regarding military organisation is that It is not 
mtended to accommodate itself to shifting sodal de¬ 
velopment to relate itself intimately to community life 
to be sympathetic and understanding or to be Amble 
Military organisation deals with Individuals aa sub¬ 
servient members of a group and not as sett-governing 
factors oo-operatlng m th* execution of an undertaking 
In police department* it has aimed »t th* on* considera¬ 
tion everywhere recognised as fundamental In police 
work namely personal integrity The military as¬ 
sumption at moral and mental dependence of subor¬ 
dinates on supmor officers has, however been one of 
the great weakening forces of pohoe work In the oaso 
of pohoemsn personal Integrity results from exeraae 
of sett-restraint m inhibiting an unpulse to aooept a 
bribe to connive at a violation of the law or to practice 
extortion The faculties needed to resist temptation* 
of this character must be developed through a prooes* 
of aelf-reliance, through a formulated, even though 
rudimentary, philosophy of personal conduct Tho 
soldier oeaees to be responsible for hu moral conduet 
ones he ptaoes himssif under the command of a superior 
officer This condition while of course lass In 

pobs* service than in a purely military organisation, 
still prevail* to a oertain degree, and has been a eon- 
spknwua ssnberrssunent to the development of individual 
police Initiative In larger American polio* department* 
Mr Woods, N*w York's present potto* waunMour, 
has no military training or sympathies, sad is dealiag 
with tits affiaers sad men of hu department onthaas- 
■umptiou that they an setf-controlllDg sad sstf-fautUting 
canton of {mhos thought and pottos wwfe This nwthod 
u n premlmg contrast to the potloy of tha martinet, 
or a pohny of easy tofomnm, that oustommfly pcsvaDi 
in pobs* work, and stands mi against fibs old oosutt- 
toons'a. stnkmgiy a* tho mextorn, snttghtonsd » 


turns and aaustin putting them into effect, brings about ploy's policy in tadastriai management doss igsfaut 
a psychologies! change in the attitude of tho pobesman th* old Urns shop bo* mthod of dantfag with wssstm 
to hu community relationship* which is fuB of th* Th# futon dsveiopmsnt of tbs pottos asm, ttpofie 
greatest pombdltisa forth* development of poliee service work u to b* soostruetiv* and to fulfil its possUMas, 

It u merely saothm fflnstmtlon of applying the Muntifio -t be along the 'nr rf th* rgfmnlng moths! 

or engineering methodto apartmuhr problem. Ins tead Tbs pottos departme nt through UsmtdMtod* attgmH 

fatohstie retignatioo to wkatorw mny^wT^ 

The anther aatHpaia* poaUd* airiest of U* sug- sandM—s t» th* oammunityirHeh eg* bt kfitosdhd 
gnttoas that they oytook tbs n s ssty fat dealing only thm-hocmannHy sttontkm 
with erimlaali as arimfauli tad aasatantag tow and aunt should b» th* am met mi foala* fewm 
order by rigorous pottos nation It is no psr* of tUs oti» g O rtrannt . It » ind* ttooMh fr t » fm / f om 
suggestion that law .n l o r iu n n* bn aatamd. A santi- and ohwmMon thm re oa sto to. fto^ 


kiwi* 1», !•!» 
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that lfcw op* ate «oadh*oa* and th* waiter* 
of tbs city's youth those testa should bo driven home 
to tb* steatail and weesativ* department* and In 
th* aa»a tray inth other eondltiou* 

Tbo poUeo department of a gnat dty should bo tbe 
napro center of the eity s prmnmt capable of act¬ 
ing with -vigor when a ataatxm demands vigorous 
tnataant, strong to protest the aafety of tbe publw 
against dteordsr and the unruly informed on condition* 
which manufacture crime and onmlnal* m order that 
these eooditioaa may be remedied where remedies are 
pOralble t aggmonve inrtt*d of defensive courageous in¬ 
stead of fatalistic organised for achievement Instead of 
ter mere opportunism, militant but not military except 
m the sanse of obedience to necessary rule* and respon 
live to dlaeiphna bea to deal honestly with conditions 
in the b|ht «f those conditions instead of in tbe light of 
statutea written by dead hands co-operating intelligently 
with ebanties corrections, health hospital* and edn 
oational department* 

To bring these things about the polios problem most 
be broken up into its proper functional division* Cnmo 
when perpetrated by prafemional criminal* must bo 
dealt with differently from some committed by those 
who stray temporarily from the paths of rectitude There 
should bo organised a national nmoa for tbe deteqtlon 
of criminals and crime prevention along the lines of 


■mil** service now engaged upon forestalling and de- 
tootug counterfeiters The voice of the police depart¬ 
ment moat be heard m the courts when punishment is 
meted out to criminals not because it is the police de¬ 
partment but because it is informed and expert on 
questions of penology 

Above everything else back of police work there 
must be developed a scientific spirit tho true t ngineer- 
ing (pint in plaoe of cunning and cudgels than must 
bo substituted a policy based upon a knowledgi of 
needs standards of service fiambic of attainment and 
organisation di vires to aioomphah them methods of 
administration and the plant to facilitate their aiiom 
phshment and the genius to capitalise tlie initiative 
and individuality of every man on the first 

Did URS10N 

t lament J Driscoll Bureau of Municipal Research 
New York oity w a wnttan due ussion said that the 
cause for police lmffioiency in New York can be found 
m the fact that in Id years the department has had tan 
pihoe commissioners Not one of thtso doubted the 
efficiency of the engineering methods and not one did 
not fully realise before he retired or was forced to retire 
from the department that the police problem was such 
that only careful paliont apple alien of suentiflo me- 
thols would aolve it All of them would say to tht 
engineers gathered here that all the methods kn >wn ti 


science would be of little value while the control of the 
department was In the hands of tbe political powers of a 
community The Panama Canal one of tbe supremo 
engineering feats was made poenhle only beoauae tho 
engineer in oharge remained on tbe job king enough to 
work out the engineering problem But even Mr Goelh 
ale would not have mastered the police problem of New 
York bv the application of the engineering method 
if he had lieen subjected to the condition* under which 
all tho administrative heads have had to work No 
matter how determined a police commissioner may be 
to keep his department free from politics it will be sub 
jected to a political influence so long as hi hums If is 
subject to arbitrary removal and the may ir f a i lty u 
held responsible for a police department 
In summarising he urgi d aa thi Orel step toward in 
creasing the efficiency of the police the adoption of 
statute* providing for a more permanent tenure of office 
for the administrative head second the complete separa¬ 
tion of the poliot department from the mayor* nfliu 
placing the full responsibility for the administration and 
conduct with the polioe commissioner or administrative 
head regardless of his title third the application of the 
ongineinng method and fourth the romplete abolition 
of tht system now m vogue througliout the tounlrv of 
adopting poll us of law internment which will result 
in tho i ntereement of the statuti h as wnlU n 


Thunder* 

Theories, and Experiments Conducted in an Endeavor to Solve the Problem 

By Dr Wilhelm Schmidt 


Artism to explain thunder and lightning have here¬ 
tofore generally been based upon a study of electrical 
sparks in the laboratory Although much valuable in 
formation has been obtained in this manner wo should 
he cautious about assuming that tho results deduced 
from such experiments apply to the gigantic operation* 
of nature as it Is easy to overlook factors that occur in 
one case and not m tho other For example the dis 
charges occurring in these laboratory experiments are 
generally oscillatory and it haa commonly boon assumed 
that the same waa true of lightning discharge* How 
over Dr B WalUr of Hamburg with the aid of his 
rotating camera haa obtained convnuing pnxf that 
lightning la mainly unidirectional A lightning flash 
begins with a preliminary branching spark that pene¬ 
trates only a short distance along the ultimate path of 
the discharge this Is followed after a brief interval (of 
the order of 1/100 second) by a somewhat longer dis 
charge eta until finally a path Is built up for a < omplota 
discharge which again is intermittent in iharaeter 
An even more striking proof of tho differ* lue 1 m tween 
laboratory experiments and actual lightning is seen in 
the fact that the question of protecting buildings from 
li ghtning still remains unsettled opinions differing both 
as to the posnbility and method of securing prelection 
In a like manner the conception of thunder aa merely 
a reproduction on a large scale of the eraokhng or deton* 
turn of the sparks used in the laboratory needs to lie 
oonflrmed by a study of the natural phenomenon more 
especially aa very few attempt* In this direction have 
hitherto been made In this study we may take as 
point of departure tiro important fa* W vu the brief 
duration of the phenomenon and the great aecumulation 
of energy In a small space that it involves 

On aoeount of the latter there is a strong repulsion 
of electrified air-partialre of like sign and therrfore a 
suddm temae of pressure in the path of the spark 
H Machs and E Hasohek have found a pressure of more 
thaw 00 atmospheres In tbe case of a spark 3 millimeters 
long, thoug h this waa In part the result of the vaporisa¬ 
tion of material In the electrodes A wav* set up by 
this inoreaaa in pressure spreads out in all direction* 
This b not an ordinary sound-wave as the fluctuation* 
of p re ssure am not small In comparison with (he normal 
pressure, but a sooafled "mplorion wav* «wh as is 
observed m certain rapid and violent chemical reaction* 
Bush upMon warm, which wo pwoeive as a report 
spread grth a velomty that may b* much greater than 
that of artery wteurtvm, but are teonrfonnedl into 
tht latter as their Intensity rapidly diminish**, owing 
■wording fe Turnhr*, to tb* esparafaon tam them and 
lagMt teWnd of aaoondary waves Experiment* of 
” ‘ with “sshhassa" and interference method* in 



cumstam.es that we hear an actual report winch is 
the distinguishing mark of an explosion wavi Dire* t 
investagati >ns of thunder an therefore nec* scary 
For this purpose w* have uaul two form* of apparatus 
one ter the analysis of regular sound wav* s and the 
other for that of the longer pn ssur* wavos Th* termer 
a modification of Marbe a apparatus 1 records tho alraoa 
phtno impulses In the form of flu* tuation* In the deposit 
of soot from a flame upon a rapidly moving atnp of paper 
Ihe latter registers the displacements of an nxtremily 
light disk whloh hangs before an onflie opening into a 
box enclosing a large volume of air these movements are 
mat,nifled by a suitable mo hanuon and the apparatus is 
provided with a time-wale Both instrument* aero 
kept ready for use so that registration oould begin as 
soon as a thunderstorm orcurrwl 
The records from those dev Ins showed that regular 
trains of wavts of uniform length prmotKally never 
on Lined and hence that the thunder had no jropir 
tr no but was merely a noise and the records ala ■ 
showed that it waa quite similar in character to the 
rattling of window panes The irregularity of tho waves 
was greatest during the heaviest part of the thunder - 
l e at the mom* nt of tho clap —while toward the end 
of the thunder in many eases a certain degrm of re¬ 
gularity waa noted A statistical analysis of tho fre¬ 
quent Y with which waves of various lengths ooourred 
showed a pn ponderanoe of those lasting 1/40 seoond or 
more and again of those lasting between 1/120 and 1/75 
sec ond (i i vibrations of such length that d they had 
o* mured m uniform trams they would havi product d the 
tone F| or lower or again tones betwetn D and A) 
Shorter waves moat co mm on in music wire much rarer 
The reoords of the second piece of apparatus showed 
that the greater number of th* longi r waves are In fact 
so long that they are imper* eptihli to tho ear Their 
duration was mainly hetween 1/10 and 1/i seoond In 
one oase the duration was 0 64 second 
The flactuations in air-density occurring in connection 
with these waves were far greater than those occurring 
in ordinary round waves or in the more rapid audible 
wave* pertaining to thunder (Vibration* at the rate 
of 30 to the second may be assumed aa the lower limit 
of audibility) Although the lfehtning was never near 
at hand—the interval between the flash and the beginning 
of thunder bong mostly about 5 seoond*—the reoords 
showed pressure fluctuations amounting as a rule to 
more than O01 milk metro Hence the greater part of 
the total energy of thunder is represented by these long 
Inaudible waves which must be regarded as the eroenUal 
part of the phen o m e non and thus strange as th* state¬ 
ment may aouad, we may say that on* really hears only 
the smallest part of a clap of thunder Most of the 
phe n om en o n either escapes our senses altogether or is 
perceptible only through th* vibratson of objects around 
us the rattling of window-panes etc In th* Immediate 
vicinity of the eleetneal discharge those pr ero er* fluctua¬ 
tions an evidently, extremsly violent, and a great part 
of th* purely mechanical injuria* wrought by lightning 



t* wo p »te gj^T^’sSuw** 11 * 


Tho number of these violt nt wav* s is liowcv* r never 
large In mist eases they occur in lmgular sent* of 
three or four in vinous parts of tho thundir In the 
heaviest thunderclaps perceptibl* as su* h to our senses 
where thB wav* s have generally traviled onlv a eh* rt 
distance and reach us but little modified there is usually 
but one violent wave vir at the virv beginning litre 
we have lompkto agreement with ahat haa Ixxm saul 
above about explosion wave* and from this fa* l we may 
draw certain lundumons 

Wo are to ion cive of a shock wavi (Stoss irll ) as 
traveling in all directions from th* path of eleetneal die 
oharge The prolongation of the phenomenon depends 
in the first instance upon the fact ahead} mentioned 
that the discharge is frequently intermittent and may 
then fore set up eoveral initial waves but more especially 
upon thH o ourrence of shorter audible wavts whi h 
separate from the initial waves gradually increasing th* 
magnitude and duration <f the dwturhami at the tx 
penso of its intensity The duration is further pro 
longed by reflection—not so mu* h from oloude and sheets 
of falling nun aa from tho interfaces between atmospheric 
strata of different t* mperaturrs—and especially by the 
action of tho wind The onginal sharp report is trans¬ 
formed into a roll or is sometime* divided Into two 
or more daps Irregular short waves whioh give the 
rattling noise of nearby thunder are gradually lost in 
the more regular waves so that in distant thunder the 
sound may assume a more or Ions definite pitfh 

Whoth* r the em rgy of the electro al dm harg* alone 
is suffi unt to produce theso phenomtna is a question 
that can ho answered without diffliultv The <n*rg\ 
of thunder as shown by the analysis of our retards 
amounted in a maximum taw to 22(100 kilogrammeUr* 
and was then fore viry gnat lomparod with that of 
ordinary sounds In this case tho thunder lasted 13 
seconds and it would require more than 200000 000 
buglers blowing for the same length of tune to produce 
an equivalent amount of energy Nevertheless this 
amount is insignificant compared with that of a flash of 
lightning for which we may assume and not in extreme 
eases something like 10“ kitogrammeters In fait 
only a small part of the energy of lightning is transformed 
Into pressure-waves and sound most of it assumes oilier 
forms such a* those of heat and light 

We have still to consider the queetion of the lolling 
of thunder ae related to the length of tbe lightning path 
In connection with the common idea that the round 
roaches tho observer first from the nearest part of the 
path and last from the moot distant part and that ll c 
duration of the thunder depends upon the resulting in 
tervat of tune the following facta should he home in 
mind Assuming aa a first approximation tho <a*e 
of a uniform imputes along a path free from sharp angles 
we shall have only a single wave spreading in all dim 
twns and the observer will perceive only a single bntf 
sound whose tame of occurrence will depend upon his 
distance from tb* nearest part of the lightning-path 
This follows directly from the Haygheman theory of 
wave-motion Moreover bends m th* lightning path 
will aaaoont only for a limited number of claps and 
not for Hie “relT of thunder. 
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Modern Ideas on the End of the 





Wti, 


New Contributions to Cosmology Obtained from the Development of t)psrential Thttrtie* 

Bv (iustav Jaumann, Professor of Physics at the Technical High Sthooi *t Brtutt 


We are totally 1 km rei t t the beginning of tbc world planet* do not describe etrtdly elliptic*! trajectories. not support so 7—tafttad In 
inning Uh IohI hi tuiy tb byiiotiimN of Laplace and The fora and tbc position ot there trajectories (flange nearly fell tatretatoarfe agree ta HadMpa WfHfltoi 
Rant that flu 1 Ihi< to 1 rocmled from the huh and oooatantly although with extreme elimauma The Is* atiUting dMtettM from tkta liwtaeMttakf tt* 

wen 1 ihi rr l) Hu utailju of It enjoyed wide cred at Newton afford* an tupUnaUoc at the fraater part moan, iilitnb 11 "t$ inn In IdinUtnfe^ll ageHtoHll* taf 

enu A < idli b t this theory our earth w»* once of three dirarfmwaa, tf tb* reciprocal attraction* of (ha 1 — *y- * 1- 1 ft- 

in a Htati jf h l< wIuk liquid Judging by the Increase planet* are token Into aoaatdmtkm Tobias there d*vt- oly, am feurfeod end tatl m*e* 

In Umpuatun lu ihi deep etraU It In covered et the atkau Into c nMt de retKm . R U paarlbte at pern le t to bean r ec c g nl re f I* the moHta ft toffert «top|abA 

inwnt tlnu Iy Lbe h lldHled cruet relatively very thin calculate to within a tow aeeeed* the pwdttoM at the orbit at Kmey yttaeMte fee-tyf nfrnfofeW WNMe 

1 whl b w> lit, Huh a inucepHuu boa rendered ran the moon and the planet* a hundred year* hi ad- rotation, httototoff d| eOOCmfo per fe^A wjit* 

IiHunlbli a till r lu tin deluxe and In the Idea of tone* Bat to ditemlu* at a dlatonce ot mllllota at otatriefey la tot 

a itnal day or Jodgmcnt when the world will be de- yean the end of the Newtonian world enormous matte- the Ifew to gre rilat tea tastooda. Thfe agtfl % P&t 
\ cured by flamo matloal dUBcuitbw moot be overcame) Indeed, It la a t* subject to enoreetta* at dm msto Mfo&to «!httfetofe 

Geology Indeed record >> horrible cataetrophM the matter concerning the problem of the rttoOity of the IneKnadoa at the orbit of Tamm taettadta ItfrtflMr 
hlKhcwt uoantelnH were foimed by a elngle abort earth planetary system and of calculating whether the die- by IS mwb every Bettor TertfeeBSt 
laake of tnmeudouM violence the remit of upheaval* turtrfng influence* week bat tnaemant, which dm sent* area from Uto pakni of view Of dUMticto, ft ffotM 
cf granitic mngmu By cnuimou* volcanic eruption* planet* excreta* upon each other will nearly ooafitarget sad matMl oooitlatlou #f afraetiou *f 
1 mi tic block* nn carried tboonand* of kilometers each other In time or will end by entallln« the deattue- I* not to be explained abort hy thft *tom*Ota f|fr|E 
In particular the whole of Aula suffered the lnroalou tlan of the planetary eyntem ntooa or of too m.* ft t» Me that theto **» I’tiaMlUQ 

of the Indian Ocean which wo* precipitated 00 the Eminent MCholare hare alwaye toned tbamaeirea with small and taoloted dentatiata, gat that Hr jfftopkjpt 
continent with lnccncelvablc violence sufficient to oarrj resolving tbit fundamental problem relative to tb* law of gravitation euttdto flop tb* eatealatfogct fo* mo- 
tbc rhlnorerua and llie mammoth which are cooaldered atoblllty of the world Laplace and Lagrange shewed, lions cf the Star* with ■ apflgtint utmta a rrirW. atWfejri 
Indian animal* a* tor «■ the froaeu Hold* of Siberia by mean* of an approximate coloulattei that the plane- awtofetkf that tb# mate «*fo la taMfoNrtajNl U 
Curler affirmed not only that the world would be de- Ury system of Newtoo fetveared to bo stable. Poisson friction. Thto latter, however , to tor ftto Mag ms- 


each geologic formation constituting t 


creation entirely separate lu origin According 


but that It demooatrated that by further redoing the calculation 
e oatadymn* later epocha cooM be (unreyed In which greater and 
1 burial plan greater mictuattou In tbe form of the planetary ortlta 


> this hypothacla the termination of each geologic: Ing tbe calculation t> 


v present finally Poincard proved that hy carry 


ktoto Whan one nrm e H i re toot the 
, «rea tw omalM outoe HIM 
tonal rmtotonca, (bat toeffeMepiiahto 
to odor corona oft * **•* aft fttt* 


narked by a lomplete endlug of t 


rloeed In which tb* planet* would to 


world and tbe opening of each succeeding period by progreoalve enealM aeculor dtotorbaneto and tafeliy tlcn 1* rot *mOWaaf, bat t 


St WWA—r NBff «»e*iw«ft*taM 


a apodal creaUve a t giving birth to a new fauna more untur of them would toll Into tha *wy and other* lore hinted at hy Xlplto. act Cfexm the ttfere to mpdWfe kM 
perfect but equally Incapable of evolution By the *lde t bemad re* In the cold of coamlc apaoa Thu* the plane- tend to oOHt the affect* da* to friotkm fef ton fetototo 
of the brilliant Cuvier lived obucure and unknown the Ury ayatem of Newtoo h*a no (tabUlty no tnteml other It la a fact that DO trace, h o weve r lUgto, Of> 
much greeter Lemarck. It ta he who recognioed tbe eomUuwy Bat tbe foregoing calculation* were modi bagtomlng of tL: lttag of the pUneU towvdtlm (qo, 
eoutlnuouii evolution of the fuuiuc* hi accordance with on much too favorable 1 bad* Ocemlc apace can not a* tha Uw of Newtoo predict*, fa* M Mfe ftorTO- 
*n Immanent Uw or at leant In conaeqneaee of tbe he empty a* Newton held Since it u transmit light Tha earn# any bo (Old Of tha aoaito ff of tha otot-wktoh 
cai a< Ity which irgnulHinji pcowciM of perfecting them it moat be filled with e medium extremely ten non* and should fallow In oooordanoa with the taw of muty. U 
Hcivea by amldiiou* ciertloe and by communicating la cold called crank ether The extreme vaaram obtained waa mppaaed tor a lo*| time to ha atferltot tost 
pert to their duHcendantH the Improvement* thua *c- la tbe labor*tory cooled to —170 deg Oent preeenU the cHmato of tbe earth had KNWlt Mmataatly aadtelt, 

lulrcd It U thU nay of thinking which after a torn a ocuridereble vUrodty which U only ton ttanea In but thia idea baa been mtirety abaadcoed. 

t eard Tiarwlnlum ha« finally eotoblUhed Itself Now ferior to that of the normal air* Ooneaquentty tbe lea* than 10 dag ftoR, oc both (tow ef tb* wgaft 
to ia.nnlt aneb un eccdutlon 1 f the organic world from coamlc ether mint oppose to tbe movement of tbe tampers taro have ooonmd, erreral data lb fc* 
the beglnnlngH ti 1U actual perfection require* a urn planet* a very appreciable frictional resUtanoe. They rope, thus pUdng then region* now Uodor toetfital 
aldeiablr duraUmi of cuemlc quiet Geologic Invest! mum continually luee energy of motion la addition eottdttians, fend now under tb* awkttttana of tb* Arotic 
gatluna alnce I yc II have Indeed demonvtrated that the to which the attractive action of the ran becotalna Zoo* Bat from thto point of View tba w ggt IStaote 

immagp from cai b geologic formation to that succeed more and more considerable the planets should describe ago* ot tha geologlo ktotocy <d the earth diffw Mf at 

lug It la made gradually and without lnteri uplb n Tbe orbits more and more narrow and oboe Id end to sonn gl) frees tb* present week, GUetfel frnnaHiwn. ggtefe 
Inuiatatk un and volcanic catastrophe* which are pro million* of year* by predpluttog thcmaelTes Into U *lra but sot tkkfe, hare Hera found Ik tarty OUpitaa 
lured at all tinea far from detdroylng woild* have Thn* again we have the lgneotM death of the earth strata.* At that time tha Uapatatuta wav hot klghta 
1 exr been men than punly local Volcanic eruption* But that end would he preceded by the destruction of bat lower than to odt epoch, and More ihga a bfeodred 


1 Index of a fluid ami liwnndeacent 


miens the terrestrial organism* all being a 


1 hy death mlUloo yean hare p 


ft r I he accumulation* of lljuld lava have llttie ex ten from the cold which would set to much earlier On* eaa with auncoify admit of tb* 11 to tain to to* 

slon io that oven nolxhbortng volcanoes aneb a* Vul The energy thrown out with the aonUght to eeveral son of a avggfy of eb urg y atoa to mmflnim vritbOM gp- 

cano and Htromboll hare no relation to each other billion time* greater than tb* total toUTOhangs of energy precdahle (Worse**, for eo long a time, the ta WHlf 

One can ctcu affirm that the fluid incandescent nucleus which takas place on the earth The sue give* off 000 expeadttore dgeto radiation. The stability ofth*g|Uo- 
of the earth does not exist Heceat physical observe tlnnally enormone quantities of it, and Ma (apply, of tary aygtam and the taortif - n ttWv toatomm po«W pf 
tlonn especially thoao relative <0 tbe tranomlsaion of whatever unknown kind It may be, moat Anally be ax tha raa arm tottbawt, to ft QKtkta tattat 

the ttaneverM setamlcol waves through tbe Interior hausted It would cool down man and more and our by direct peahVIe iikamiilUgi 

of the aalth and to tbe period of migration of the terrea civilisation after terrible struggle* would meet with Bow 1 * It that the law cf graVitatiM and tb* petoet- 
trial axle admit of the ooncluakm that tbe earth to Its disaster more and more amidst the evet^present ice p|* of the rreuniting Of to 1 Iff fkU so, 

entire mam b an etantlc ae a steed of good quality Thus tbe two fundamental physical law* lead, it 1 * their prophecy wntoulp l tb* end of Ck* 1 * 0 (U 1 Wkal 

Rut now wo must observe the very db, julcting pre mil to eMenttoDy gloomy ooneeq u a n eee, but, wUk all la tb* htodta dtftat Of them taw* wtoeh, to tb* ftoto 
visions ot the exact sriencee Them we must notice the reaped that 1 * due to their anhlime remit* and to tattoo* of phy^ae, ttavt |tvto atoeto WMBtoto bl I nfiblto 
particularly for physic* and astronomy have exact their procSMoo, to>la only right to eak whether they wWbto nefrowo* Miyeia , and hot Oft* theyhe dvltom 
nata^el lews and to this way may be predicted In all are really ***$&hed with noh Ideal ava ctaem aa to entirety co r feta form} 

I roboblllty the moat distant conaeqnenani for tbe laws enable oocLto draw co nd u eion e applicable to epoch* Ragxrttog foae* realty fmlgiatofel imadttto* eftbtoi 
which are concerned here that of gravitation and that immensely remote and to eemprebend the very plaa of retinal physio*, { fod atymU eoltod t^o* to fh 
of the comtcrvetlon of energy are among the one* moot creation. Before accepting (beta a m aequ ta oca it wffl to to for to tbtf faff whlkfo to* fo|d ef bty gwr gt toj to, 


b for to ttoff fatt wifotato* told df«y 


e real achievement of Newton was to ehow that 
law of gravitation had a more exact application 
the lews of Kepler according to which the planet* 
> along their elliptical orbits.' In reality tbe 


wtil to submit these Inexorable lawa to a much more T ihmM pafot pit, nfffrrjri fltol 
ehow that starching scrutiny That tb* law of grav ita tion whl wfckA are * " ‘ c - 


eUlptkal orbit*.' In reality the to foe now of the *u I mffiag of to to ta toff toa 
• Iaaogoral tddnaa of th* tauter at tb* ImrerU Owmaa 
rraaaJceeph letoaksl Bl*b dcbool et Brea* delivered on 

October Nth ltlt rrtwUatod from tbe Oaraua to tbe * g!***”-" WliUtm wtta - 

am sal report at tbe Imitbaoalaa lostltattoa, pabtobed by tbe TVS -.go:..". 

techairai blgb acbooi BtotbCM, fee weota net have aataed fed to giton ta trtt Into 

■In tkli roenectiea we dmtgaete j^PMtrt a to t^ealy tint upgmtort towttot eMKBntiN* ta tto toffMt wto' wre 


~»£***%«% ■ 


mattamstleally by Wm* when pfeytoeal work wo* other* 
unimportant Newtoa aoly ooatrilmtad proof of (to oonetom 
Rapier originated tbe f—flw ta n i tad egtidmffasty a 
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Gardens of the Zoological Society of London' 

Its History, Organization, and Its Valuable Collections 

By R W ShuMdt 


Ai m the Me will all tl « bievomonfe of man 
museums soolomeal garth ns and aquariums have each 
and all had their bt gmmngs 8om< of then latter have 
been of extremity modest pretensions while in the eaae 
of other* the itartinc ha* been upon afar broader baa* 
and the enterprise Riven an initial impulee through the 
tnAuen e of powerful patronage and munificent financial 
mi) part which in any particular instance hai at once 
plat ed the Institution in tb< fomnt it rank with other* of 
its class In tha present article it i* not my intention 
ti have anything to My in regard to any museum or 
aquarium these mihjtots will I taken up later on but 
I k prt pose to point out • imc of tin advantages of a 


will soon he discovered that the most valuable of these afflueuM IIm later Canan *W the* til petal*, M 
date from the tune of remotest antiquity Such treeing dating their regime, Pttay produce* that rW til M b s 
quickly aames one mio tha musty tome* of thefebnkms and marvelous m*u**-*k work 4* «* 
ages when traditional history soon becomes obscure kletocy af aafrnali As wn IN new nemo, demy Mjt 
and the thread of invseitgation is lost In those archaic of It* malt* with wqr, or fit Wttdared ynuMpIfg^ 
tunes collections of living animals were known m msaag- tha Sagrenl imieoduetloa at the fabulous and tWridN- 
one* and in the mats they Modeled at collection* of loo*. 

large mammal* (and sometimes bird*) obtained by the But w* are not so on e euod with them wmritaP 
monstsr-qusller who for that pwpow aeoampanied or with tba mtiwrdlury toe* daring wfekfe flftp fa* 
the arraiee of lnvaaon In the day* of aneieat Oteeoe and peered,'siia bpt to refresh the xsired Of tin reader tifft 
Rome Them natloni m many raepeoU ww* barber- reapeet te the origin at menafnrftaM awti** OftMh, 
lau* in those davs and most of us know qf tha brutal and tba formation of the manna In earty W/m. ftr 
and fiendish ueea to whteh tbeae captive Hons and bear* fully fifteen esetane* thmeaftir tlMra wta na bt^Upv 



first class zoological garden and for this purpose I have 
M footed the Zoological Uatdins of Ismdon as my ex 
ample 

Let me say at the outs tart that these Oardeni belong 
to the Zoological Society of London an organisation 
of world wide reputation whioh waa incorporated by 
Hoyal C harter as long ago m the year 1829 havmg for 
ite main objeot the advancement of soologioal science— 
a mission which it has most efteaentiv performed far a 
period extending over three quartern of a century 
Personally I have always taken an active mtenet in the 
welfare of this Society and as 1 have been one of its 
corresponding members for nearly 30 ream I am more 
or lees familiar with its history the history of lu gardens 
and with the enormous Influence the two combined have 
had in promoting the best interests of the science of 
soology throughout the oivilixed world While It did 
not receive its charter until 1829 these gardens were 
first opened to the public a year brfore that time or on 
the 27th of April 1828 This statiment however will 
by no means enlighten the reader upon the highly In 
tsrestlng question of the origin of these gardens—a point 
1 dean to refer to before passing to matters of a more 
recent nature 

In order to disc mr how soologioal gardens first came 
into being—if one be so fortunate m to ultimately ob¬ 
tain such information—It behooves the searcher to scan 
the historical records having reference to them and It 


tigers and leopards were put in tha puttie arenas and in 
tbs dungeons of the cities of the conquerors 
Still as the years psessd by these v«y early nations 
with all their cruelty and barbarism m time pnaented 
the evidences of the dawn of thought and observation 
Individuals appeared from time to time who In an era 
of mnrreimg Maun devoted themeelvea to phOoaophM 
studies of threr environment and in this was Included the 
wild and captured anhnele which earns within their ken 
Sentimental as this movement was at first It speadily be¬ 
came the foundation for mom exact toologieal research 
and tha dawn of soientiAo investigation set m 
Thus it stood u later Oreeea when the Macedonian 
conqueror Alexander led his viotorious armies eastward 
even to tha vary hanks of the Indue Never did he 
allow an opportunity to pass through whioh he might 
further the aims of sesenee or add new annuli to the 
marvelous menagerie be had already formed at hie 
native capital Aristotle lu old friend and tutor 
took up the serious study of these treasures and reveled 
to the extensiveness of the undeamfbed material at hie 
hand In due eourse it bore ite fruit and the world waa 
given on* of the most ongiaal end greatest soologioal 
works of the period Arietotiei HitUrg qf Amlmmlt 
A somewhat simil a r growth of natural setanas took 
place In Rome during the Mm* period but along different 
lioM here the pubBe msuagtriee were replaced by tha 
private siscne supported fay individuals at leisure and 


up anywhere In Rumps of a meaegens *r-a et rfp gi eal 
garden white the entire setaue of animal history waa 
steeped in fable and sfarouded in the ranhM atowphere 
at ignorenor 

It was not until Lome the Fourteenth founded and 
sustained a msnagwrle at TermiQat that the intiwsat tn 
each Institutions was again rev i ve d on the Continent, 
and writers once more appeared to take advantage of 
what was at hand for them—that is, a large end vmded 
coDaetion of oapbve animals, and null other material 
m the early museums then supplied. The Jfetorel 
Hxdorg of the highly tmagmatire Buffon fallowed, ae 
did, about the asms tone, the tar nan end work of 
Daubscton—respectively the Huy and Aristotle qf 
tine later ttmee 

In Lo nd fea—very early Landow—wae tha Tower 
Menagerie wUehmay totridtohuvubewtheaneeetor 
of the pressnt Ecttogleal OardiM of tha loobglaal 8o- 
eiaty of London at R*mt’i Park This Toww M**g- 
arie poaeagNS a wonderfully bstaresting htitary. Mid oti* 

I may tay, hr too extensive to he touched upon in tide 
article U1828 there wee aaadminhUeoUitfcnoa pub- 

1m exhibition than eoarietiug *f a large uBmib* <d 
valuable animals, aotne at which, later on, found that 
way Into the present "Zoo M Thsrv were about *ttty 
dritaent ffenA, ehieiy mammals, tiktic them atiB to* 
nutinad with ihwn » numbmof birds and re ptilea ameag 
tha tamer a great bemad owl and among the Uttar a 























SGtENTlTO AMERICAN SUPPLEMENTNa2046 


rrtOseemk*. ttw la wM«bh of A* fart Art ww rt 
Art *t*Jy day. upwards of a century ego wfld form* 
ware being obtelaorf ha Amarion for exhibition i> Loo. 
dm. 

Tha Zooiogioal Bo** m now organic eonaiata of 
■warty MOO IbDova and. Ulna together of some 300 
Ftaetau Honorary and OommoocUac number* Than 
I* (footed annually a council which governs it and King 
Orewge who ha* bam a FeJtow rfne* 1894, I* Ita patron 
Tha Duka of Bedford u Hi pceaant pretedent and Ha 
■eentery la Dr P Chalmers Mitchell F R 8 At itated 
Interval* it tana* Froim disf* and TV an amt m M the 
latter befog a sumptuous pubheation fat whiah haa sp¬ 
in A* Bag)!* taugafe Report* upon A* animals of 
tha *200" appear aa a nda la A* FrooMdtnft 

Among other bnUdbrt Am is a fine library and 
oflaaa at Begmt’a Pack, whiah la located at Mo SO 
aa show* on the aeoompaayiag plaa I may aay (a 
pairing Art all Aa view* shown af A* park and iW 
bnildlnca in Ab artieU wora kindly made for me by 
Mr F W Bond T IS Aa official photographer to 
Aa Boris ty, who haa a wonderful ooUeebon of photo¬ 
graph* of animal* whioh have bam kept rt tha Zoo, 
all aaaurtd by Mmaaif 

Them Loodoo gardma occupy but a onaD extent of 
(round A tha ray heart of the city There are not over 
84 amnia aB, though Aa viawa woold land one to eup- 
poaeArt AepJaoawneeoertderaUyUmr A* will he 
mi by the aesoapanying plan tha ground* have ham 
admirably laid out, and that wiA Aa View of making 

An many inmatra aa somfortobfo and contented n* poa- 
able, eomyetlbU wlA Aa a onevmle al apportionment of 
maaa Aa » property. Am garden* an held from Aa 
Crew*. through Ao Offlet of Wood* and Conunmrioner 
ofWorka, rt a fbcad anaml rentage 

It la amreeiy n aoomw y to my Art Am 1» a di*. 
ttegaUbed rtaff of mtenattHa oonnaeted wlA time 
gardUtf, md a very lam body of wexhmm employed 
to porfrtm Aa tarty drtfaa mrtelrtad wtA mob aa ex- 
tsnriv* tnstltatioo Some of Ratfand's gnats* arfam- 
Art* heva. in Aa yean «pm to. hem counseled fat one 
miridlj or HMta wlA Ao "ha," and the actant of 
Aa f A IMi a d r aaairaha. mmfo by tty k on. of the 
gfrnddM miynmafU Art fert avgr tpm meted to 

M a£dT3rtMot rt Wad* m kpe*«hlbhim 
Aaaort 4ttAne*,|ihd AO Hat of Aoaewhlah have been 

3 


die in Ae oollwtion aa well aa reaearehe* upon their 
anatomy, both normal and poAologtoal Mr V K 
Beddard, F RJS la the present proseetor and Mr H 0 
PHmmor, TRfl the society! pathotognt An enor 
mom quantity of excellent work haa been done here 
whiah for yarn put hu been pobliahad is the society * 
Fr cs ac dfog* 

The admittance to theee garden* u quite (pedal u a 
obarge u made for admlanon of one ■b'Hing for adult* 
and a nxpenee for children On Monday* however 
and on eartam advertued day* it I* ilxpenoe for every 
body and on Sundayi Ae garden* we aloud except to 
Fellow* and their fnend* who gain admiadon wiAipeoial 
tioketa 

The aoelety publbhee an official guide-booh whKh I* 
not only beautifully illuitcated with pieture* of a luv 
number of Ae animal*—half tone* from photograph*— 
but It print* a gnat quantity of information ab nit them 
u to their habitat* habit* in nature breeding and much 
else beaide* Some of these account* are more extensive 
than ms find* in work* on natural hiitory and certainly 
more trustworthy 

Under the giraffe-hous* for htstanee (Mo 03) we read 
in All guide Aat The flnt living giraffe which is known 
to have reached England waa lent to hi* Majesty King 
George IV in the year 1837 It lived two yean and two 
month* In the summer of 1830 four giraffe* from 
Kordofan reached the garden* mfely Theee suooeedni 
in the most remarkable manner and no kw* than mven 
teen individual* were bred m the Society ■ garden* from 
them animal* or their descendant* In 1881 tha but 
survivor of tin* stoak died but Ae Society was able to 
punhaae other example* and to exhibit them until the 
last died in 1893 At that time and for tome years 
afterward* Ae Soudan was practically olo»od because 



of A* Haa of Mahdum and the next arrival wa* aflne 
young female imported from South-east Africa which 
however died In 1907 A pair of giraffe* from Ae 
Egyptian Soudan was presented to the eooiety by Col 
Mahon Ae governor of Kordofan In 1902 mid bom 
them wa* born in September 1907 a young female 
which ha* beep meoearfully reared The coloring of 
giraffe* bum different local! tew vanes ray much and 
aoB* naturalist* believe Art a number of apemeo and 




porliap* two genera should he reoognixed All the 
pnnoi] *1 mammals anl birds in this gu do of over 100 
pages receive such n< tioos aa the foregoing ao that Ae 
t ody of inf mnation thus presented is both valuable and 
instr ictivi 

Aa I know fn m per* nal experience the Society la v« rv 
glad to reo ive at any turn living animals for its menai 
r e and Auk are invariably fully acknowledged in ita 
annual r port in the jiar in which lonati ms of the kind 
n to han 1 I usually send such animals hy express 
t pnpirlv mini ted agns and I haw thus succeeded 
i transporting different species of turtles horned 
u uds an An sons squirrel and ao on The list of such 
I nati ms dunng a year usually number several hundred 
fr m all sources Occasionally these are of unusual 
extent and correspondingly valuable a* for example 
when the King last year presented the gardens wiA the 
Nepal collection consisting of 48 large and rare mammals 
and 1 birds while the Duke of Bedford and the govern 
mont of t e federated Malay states presented during 
the same /ear many animals of Ae greatest value 
The installation* of such ■ollocti ns as those at the 
gardens form oocaatons tu which At royal family not 
only take part but greatly oxeito the wit rest of Ae public 
afterwards For mstanoe in the oaso of the Kings 
Nepal donation it is reported that The collection on 
board the British India Company a S S Afghanistan 
n aehod the Royal Albert Docks on May 30A and ar¬ 
rived at Ae garden* before 8 P M Tho animal* were 
at onoe installed aa all arrangements had been made for 
Asm and they were on view to visitors on May 21st 
Ibo King and Quun anl Inntss Maty visited Ae 
gardens on the idle m wn f May list to lnspm t Uw 
animals By tho King* wish At visit was sin tlv 
I rivalc and m special ] roj arattons were mad 
As will bo soon from Mr Bond * interesting photo¬ 
graphs some of the view* in the London gardens are ray 
attrw ttvo and along the canal and elsewhere one can 
hardly realise Art the plane* are in the very heart of 
Ae largest metropolis in Europe 
The entire management of these garden* is earned 
out along strictly solentiflo linos and under a plan of 
management whioh appeals to anyone wb appreciates 
extreme tidiness system and proper presentation at tha 
animal* he resort* there to itudy sod such a one eannot 
fall to be encouraged by the knowledge that behind it all 
•oience 1* constantly utilising the material through 
published paper* and report* to the advancement of 
mvilliatioa and to the national credit of the country 
rostahung the institution 

Metacy of Coal ud Electric Heat era 
Cox eras mo the Importance of efficiency of alectrltaud 
Ore radiator* but little general Information haa base 
Vlven oat In some recent experiment* It In stated Aat 
sn electric lamp radiator gave out M3 watte, agatimt 
1000 put In, or an sAdeuey of OS per cent On the 
other hand a Or* radiator produced T37 watte eat o< 
W70 put In, giving an cOefoncy at 43 per cent nm 
•re, however other question* than thoa* at comparative 
dMeocy to b* eoaaUared, as, for example drat coat 
and eeat oC maintenance, which la nodoabtedly greeter 
tu A* ateetrle waste. Tha out Mrtmaiy Ac epacatta 
aad A* «*et occupied areatee eftea Impartart. 
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A New Era in the Science of Nutrition 

How Two Masters in the Art of Experimentation Are Bringing This About 


About four years stfu, Dr. Thomas B. O* bo rue and 
Prof Tnfa.vclto li. Mendel, began a series of feeding 
I'XiHirimimLH hi New Haven, which have had the high 
diminution of being epoch making from the very be- 
ginning They haw- boon epoch making because chemi¬ 
cal nnulyxin. physical iiioMmrenientii and mathematical 
pn-cision mulcHay tlicir procedure Them experiments 
ere still licing continued anil the erlentiflo world waits 
ami wnnilem what tiumc iuwwtigatore will unearth next. 

It ih marly at) yean since Dr. Thomas B. Osborne was 
appointed lUmeareh Chemist at tho Connecticut Agri- 
culturnl Kxpcrimont Htatiim. His many investigations 
in the chemistry of fimilg during all tliesc years, havo 
given him a name i-qimlcd by few in the entire world of 

I*rof. lafayelle 11. Mendel, although comparatively 
young, has occupied the Professor’s Cliair in Physiologi¬ 
cal Chemistry at Yale University for over 15 yean, 
during which time ho has gained enviable fame as a 
chemist of animal life. And to-day Ms laboratory is 
the Mena fur those students whose aim is to solve, liy 
chemical means, some of the mysteries of animal life. 

These investignlnrs, with the assistance of Miss Kilna 
K. Kerry, Dr. Alfred J. Wake-man and a host of chemists 
of the Connecticut Agricultural H tat ion, made up a 
gigantic- seic-ntifle-n-seareh combination, with the modest 
aim to c-lcar new ground and extend the mad of the un¬ 
explored territory in the science of nutrition. 

M ARY-RlDED rXPKKIUKNTs. 

The most important |HTiod in the life of an animal is 
undoubtedly the time of its growth, when Its bodily 
foundation is lieing laid and the body structure huilt. 
These investigators showed us that Nature will nut build 
an animal body if the supply or proper building material 
be withhold from the animal—if it be Improperly fed. 
The young animal under those conditions need not be 
underfed; on the contrary, it may consume enormous 
quantities of Improper or inadequate food: nevertheless, 
it will not Iwcnmo larger and gain in weight it will not 
grow—ns young animals should and ordinarily do. 

The effect of nutrition on growth is, however, only a 
small measure of their far extended investigations. Thu 
rifle 1 materia play in digestion, the importance of the 
inorganic oonstitutent* in our diet, the relative nutritive 
value of different fats, such as butter and lard, and a 
numlstr of other problems of pnu-tieal concern to man, 
have been investigated hy these workers. And when wu 
consider the Tar reselling importance of these experi¬ 
ments it becomes eluar tel us why the seienllfln world has 
taken such an active interest in them. Efficient and 
ecunumin feeding is not only of importanou to man in 
his persona) pursuit of health and happiness, but to the 
mule raiser us well. Science is the greatest waste eiuni- 
nHtor wo have, and ultimately it will prove to he Ike 
Important factor in reducing tho high cost of living. 

VoUMKR VIEWS 

It is needless to say that cxpuriiiumta of this nature 
could not havo been undertaken had we still believed 
that "Hie food we ato was first converted by the liver 
into natural spirits, which tho blood and inspired air 
changed into vital spirits and which, on reaching tho 
brain, became animal spirita." Neither would these 
investigations have been possible bad wo still thought 
that tlie meat (protein) we eat, hecame body fleeh with 
very little transformation. 

It was this latter view which led Justus von Liehig, 
tlie great pioneer in physiological chemistry, to suggest 
tlisl tin- best food fur one wlwi works with his muscles 
is smile uther animal’s muscle, sueh as beef. This 
theory euuld never make clour how tho ux builds up its 
licet on a purely vegetable diet. We know now, beyund 
the slightest slim! of doubt, that the energy required 
for muscular work u furnished largely by the carbohy¬ 
drate* (starchy food*) and fats. 

Unfortunately the Ueliig view is still popularly ac¬ 
cepted. Again and again friends advise us to eat meat 
for strength, forgetting that our douuatioatixi animal, 
which display the most strength, suoh at the hone and 
bull, are herbHnmus animals and live on a vegetable 
diet exclusively. This is not an appeal for vegetarianism. 
Man should cat moat, hut let hint eat it moderately 
and not entertain the idea that it supplies him with 
energy for muscular work 

The erroneous corpuscular theory of light, formulated 
by Itir Isaac Newton, whloh kepi, the wflrM in d..im*— 
for several centuries, until tho wave theory of light 
finally' conquerixl, is a similar example in the field of 
scianee of a great man's error end Its lnffn«*i 

It is ov idem that, just as tlie helpful nuggeeUons of the 
grout exert a goodly influence. In the same way, and to 
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the same degree, do their erroneous views exert their 
harmful effect. 

THE TBOTEIN MOLECULE, A HllOE HTUUCTURE. 

The greatest interest in the study of nutrition attaches 
itself to the protein molecule; the nitrogenous molemile 
which goes to build up the various tissues of the animal 
body. The carbohydrates and fata are our ooal foods; they 
furnish us with the same amount of heat and work energy 
which they would furnish an inanimate heat engine if 
burnt in it. But how the protein of a grain of wheat 
can be transformed into a nerve fiber, a drop of blood or 
a muscle cell, appeared until recently quite Inexplicable. 
It was known for a long time that tbs grain iff wheat 
was first broken down in the digestive system, after 
which tlie body would utilise the broken down products, 
to suit its own needs, further than this, however, 
nothing was known. 

Thanks to the recent laboratory investigations, we now 
know the chemical nature of the protein molecule better 
than we ever did before, and wo ean follow up its life 
cycle in the animal body with much precision. 

The protein molecule, although physically not big 
enough (o be soen with the highest magnification under 
the microscope, is, nevertheless, chemically a very huge 
structure. Should we break it up it will yield an enor¬ 
mous number of other molecules. These new molecule* 
the Herman scientists have christened with an unusually 
appropriate name. They call them BauaUrine (build¬ 
ing stone*), they bring the building stones which go 
to make up the protein molecule. Then building atones 
are definite chemical substances known as anlmo acids. 
uirrKRKirr buildings with similar buiLoma btVjnes. 

When a protein molecule is allowed to come in contact 
with acids or digestive fluids, the building stones or anlmo 
acids are liberated. These building stones ean now serve 
as the material with whloh new protein structures, suoh 
us liver, brain and muscle protein may be built. This 
in faet, is what lakes place during digestion. The diges¬ 
tive fluids lilierate the building stonoa of the proteins 
which we eat. These building stones enter tho circula¬ 
tion and are distributed to the different tissues of the 
body, where they serve as the building material with 
which the body lmilds new tissues to suit its own noodn. 

We ean now understand how the Don In the jungle, 
the now In the stall or the bird In the neat, can build 
up tissues which are so similar on foods so entirely dif¬ 
ferent. The mystery wu solved when the laboratory 
student subjected a largo variety of foods to ohemlcal 
analysis, and found to his great surprise that the building 
stones nf the various proteins found In these foods were 
essentially the same. 

Just as we have in any city a Urge variety of struo- 
lures built with similar materials, we have in nature a 
large variety of proteins huilt with similar anlmo acids. 
Home structure* in our city, embodying more building 
material, are larger than others; others, again, containing 
different proportions of certain building I tones may vary 
in form or style. Similarly, some of our proteins lack 
ammo acids, like giiadin of wheat and trin of maixe, 
and are therefore smallur—or to use a laboratory phrase¬ 
ology—arc incomplete protein*. Other protein* again, 
are Iwlleved to ountain different proportions of certain 
building atones. Thus, for Instance, albumin of egg and 
globulin of meat are two oompUte protein*; 1. e., as far 
u is known, they do not lack any anlmo adds, still they 
possess different chemical properties. It hi extremely 
probable, therefore, that these two pro trim contain 
varying pro parte ns of the same building stones. 

The blood of the lion, cow, bird or any other 
knows not whether the source of the building stones which 
eome to it be a grain of wheat or a bH of flesh. This 
is not its business. It is the buslneaa of the animal to 
obtain food, that of the digestive system to ooavert this 
food into energy-yielding and tissue-building material, 
and it is the blood’s dnty to norite the dally supply of 
this new material, particularly the tbaoe-buttdb« 
material, or anlmo aeids, and distribute it to Avar, ttueoles 
and other organa of the animal body when it may be 
utilised to rebuild the eeSs which aro bring broken down 
in the daily wear and tear. 

A VISIT «0 THE LABOBATOBT. 

Let ua now spend a few mlsates in (be laboratory where 
the experiments with which we are laoet ooneeraed are 
bring carried on. We ere all sufflriwrtly ad Vanned la 
the erieoee of nuhrition to understand fully the work of 
our investigators. „ 

Here ve are lu k large and dignified brick bUWiflg 
on Huntington Street, New Hama. It Ja the attoat 
building nf the Cokwwtiout Agrboltiml trjwfariag 
Station. We wfll eater to the right the ipariom toon 


on the main floor and wateh the chemists work. 
Practically all are burily ««ag*d boladag jprotolm flStod 
various food stuffs. We ace one adding as arid eoh)tiim 
carefully to a lOgaUon jar eontaiaiog atflk. We tga 
see the flooulent pnripitato of caerin bringfoamd ah he 
adds the acid. He ia separating the easels from the mflk. 
Another ia isolating edestin from h a m pe re d. A tidsd 
la re-purifying the giuteaht he obtained from wheat, east 
so down the fl». Every one sewn* to reeUs# the im¬ 
portance of hit work, for there Isolated proteins are to 
be used in the feeding experiments of Osborn* arid 
Mendel. 

In another room we ire several hundred cages, cash 
about the rise of an ordinary bird cage. In each of that* 
cages one or more white rats are riumbering. There 
animals sleep during the day and are satire at night. 

cause of the relative ease with which it can be looked 
after, and also because the life cycle of this animat and 
its relation to man has in reemt yean here carefully 
studied by Prof. Donaldson at the Wbtar Institute. 

The duration of ltta of the white rat b three years. 
For 20 days after birth it will depend upon the mother 
for sustenance. It b sexually mature at the age of flO 
days, and its entire growth preiod b completed when it b 
280 days old. The first year of the rat’s life eaneeponds 
to the first 30 years at human life, and, according to 
Prof. Donaldson, the 3-year-old rat b very old—com¬ 
parable to the 00-year-old man. 

MAIHTEHAHCa AMD GROWTH. 

To begin with, the diet of there animab oonabted of 
starch, lard and inorganic salts to which was added some 
isolated protein. Boon our investigators established the 
fast that there is a difference between thd requlrcmedts 
of a mature animal and that of a growing —I**) The 
adult animal nanda protein material with whloh to repair 
the daily wear and tear of its body; the growing animal 
needs protein material with whloh to build up its body. 
They found again and again that dicta which were 
sufficient to maintain an adult animal in good health 
ware not sufficient fur a young animal to grow on. 

This, in reality, is what we would expect. You cannot 
often build a machine with the materials with whloh you 
can repair it; and the food which ean ade qu a t ely repair 
the animal machine may not be sufficient to enable the 
animal to grow and build up its body. Nature set down 
more rigid food requirement* for the young animals than 
for the mature ones, to make sure that the bodily founda¬ 
tion which the former build during their period of growth 
bo of solid and strong material re that it will withstand 
weathering later in life. 

Growth b. indeed, a very mysterious phenomenon in 
the Ufa of an animal. The growth-lmpul**, or "Wach- 
etumtrnb" a the German physiologist* call It, b inherent 
in all animals. It appear* to be a function of the young 
animal oeU. Nutrition, no matter how rich, aan nrithre 
hasten nor prolong growth; if inadequate, however. It 
will lnterefem with the growth of an animal. 

UNDBaraaoura and wraoraa raanuro. 

There appears, abo, to he an important difference be¬ 
tween underfeeding and Improper feedhg. If you un¬ 
derfeed an animal, that b, if what you give it b nourish¬ 
ing food but of insufficient quantity, you win not interfere 
with its ability to grow. Its growth, however, win he 
at the expense of iU own tissues. The booee wfll enlarge, 
but the muscles and other tissues, not receiving ufflrient 
nourishment, will waite away. 

Should an animal be improperly fed, ae b the ease when 
you feed it with in tioiated protein which lack, building 
■tones, growth itself will be interfaced with. Under these 
condition*, no matter how ferge Ae quantity of food the 
animal may consume, it wfll not grow. 

Take for instance Rat 240. Its diet ooarirted of 
•tank, lard, iaaggaaia mite end gtiadhv one of the pro- 
trim of wheat wfcieh la known to Uric several imOdfag 
•time*. At ttea*rfL40daor> it weigh'dpntrfifi grams, 
wton it should hare weighed about IM gmtn*. Now 
tide animal <bd not suffer from oubrfeedian It atowetl 
•®<1 Hi MWgyfeqabtmritto tori* fpBy ngvare 

tori***, it was tuwhk to grew. It b (air to amtima, 
tosrefore, that to* task of mb* MMt* Mew* Id he 
food Prevented thb animal WMtag up tbbody. 
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apfMtfWty bafldhw stonra, with wbtohtobufld th**nl- 

fWsW. PRoWto. ratohytotra or teon«sU rail* 
froin tfa* dtet at on animal and the animal oonnot lire. 
Hsrwerse, (and aa animal wHh a, protein whioh laoln 
■etoghl buHdlng (Vm and It will Hve, but will not be 

abte to po* 

TbU te rwy rnnarkalfl*. Katun start* out an animal 
in ft*.Anode for uxteteoe* with the moat abundant 
equlpratiia for Ufa. All lta organa eon tain far more 
material than It aotoolly naada. More than half of iu 
lint and panama eaa bo moved with impunity. 
Remora a ltmg or a Udney, or let an animal lore more 
than half at Ha blood, and atU the animal will hare iu 
health. Nature provided the animal with every oon- 
oelTObio mean* to eontinne lte life in the mldat of ad- 
i nslllm However, the baneUee to manufacture build¬ 
ing atom nature granted almost exclusively to the plant 
kingdom And if you withhold building itonea from an 
aoimaTi diet the w o r k era of the animal machine will lay 
down their took. Work will atop. The animal strue- 
tore wtfl not be built. 

Supply plant* with the raw chemical element*, auoh aa 
carbon, hydrogen, nitrogen and *o on, and aunllght, and 
the moat eompkx itrueturea wlU be built by them. 
Animate eaa not do tide. The digee tire ayatenu of ani¬ 
mate eaa only break down the atrooturea built up by 
planU. liberate the building atonaa and iutfllie them 
to build up the animal body. 


We alwnya think of Nature aa doing her work in an 
orderly and well-regulated manner. It U difficult to 
ooneeiva of Mother Nature hurrying about her work. In 
guiding tbs building of an animal body nothing ran lead 
Nature off her path, providing, of comae, that the animal 
receive the proper building material. A rich diet will 
not bribe lur; the animal may atom up aome fat, but iu 
growth It rannot ha*ton. 

If. however, an animal whloh La stunted for a given 
time, due to Improper food, begin* to receive a diet which 
la adequate, it will Immediately begin to gain in weight 
and grow by leepe and bound*. Nature then will over¬ 
rule her own lawi of growth in order to help the animal 
gain what it had lost 

Rat SOB, far initanne. reoeived a diet similar to that 
received by Rat 240, gliadln of wheat serving ** tho only 
protein. The animal was stunted for 40 days; then a 
port of the gUadin was replaced by rasdn of milk. This 
now protein supplied the building stones which gliadln 
leaked; the animal began to grow with unnsnal rapidity, 
and quiokly gained what it had lost during the period 
It waa stunted. 

U b evident that Nature provided the oolU of young 
animate with a far greater growing capacity than that 
which they normally make use of during Ihnlr period 
of growth. Hwe we have still another of Nature's 
provisions for the well being of animate. 


TUB IHOBOANIC BALTS. 

No phaae in the diet of an animal has bora overlooked 
aa muoh aa the rfile of the inorganic salts in it. They 
ntether supply us with heat and work-energy (with tho 
exception of calcium which gnee to build bone) nor serve 
as material with which the body builds its tissues. Never¬ 
theless, lifo Is Impossible without tliose salts. To remove 
the inorganic salts from a diot is more fatal to an animal 
than starring it. An animal whioh is able to live 00 
days without food will not live half as long if its food is 
troe from inorganic salts. 

The Inorganle salts seem to regulate the concentration 
of the fluids of the body. We know from experience to 
what extent our intestines become flushed when taking 
a saline cathartic. Fluids from all part* of thu body 
rush to tho Intestine In order to dilate the oonceutratod 
salts and bring it in equilibrium with the other fluids 
of the body. 

The Inorganic salts are as Important to the life of an 
animal as comont to tho brick structure. Remove the 
cement and tho structure can not stand. Remove the 
Inorganic salts from our diet and life is Impossible. 

Mixed foods ordinarily eon tain sufficient inorganiu 
salt* to supply the needs of the animal body. The adding 
of table salt to our diets is, in most cases, the result of 
habit and not, as is the opinion of some, because tire 
body actually requires the additional salt. 

The white rats, being supplied with chemically iso¬ 
lated food material*, had to rooeivo definite quantities 
of inorganle salts In their diets. After overcoming a 
number of difficulties our Investigators furnishud the in¬ 
organic salt requirements to these animate in a very novel 
fashion. They removod, by chemical processes the 
proteins carbohydrates and fats of milk, and left in it 
the inorganic salts. This fluid contained Inorganic salts 
in the proportion in whioh Nature provided, and hy add¬ 
ing it to the diet of these animate, it nerved the purpose 
excellently. 

THE BALE or BACTKH1A IN NUTRITION. 

The fear of germs has ls«n so exaggerated in recent 
years that it is causing far more harm than the very bac¬ 
teria which arc must pathogenic. Indeed, tho lowered 
resistance to disease wnieh fear is sure to bring on wdl 
often make one susoeptlblo to the bacterial diseases which 
he fears most. Of the countless bacteria whioh All the 
air, water and soil, those that aru known to bring on 
disease can be oounted on our fingers, while tho rest are 
busily engsged In enriching our soil, purifying our water, 
flavoring our food* and, In many other helpful fields of 
pursuit, being possussed with the single aim of making 
animal life poesiblu. 

We have known for some time that bacteria play an 
important part In the proo o ra o s of digestion without, 
however, knowing definitely what this part is. Osborne 
and Mendel havo shown sped finally, in the oourae of their 
experiments, that bacteria exert a beneficial Influence in 
tho alimentary tract of animals. 

The diet which they gave the rats, being obomiually 


pure, was almost free from bacteria, and the animals 
nnder these conditions would often show signs of ill 
health. They thereupon decided to supply their animals 
with the proper bacterial flora. Their scheme was to add 
to the diet of their animate small quantities of excreta 
obtained from rut* which were fed on regular mixed 
diets. Their ruts thus obtaining intestinal lsteteria of 
normal animals, showed marked improvement in practi¬ 
cally overy ease. 

To remove the poskibility that thoro worn other in¬ 
gredient* in the excreta, besides bacteria which brought 
about the beneficial effoots, they killed the bacteria by 
sterilizing this material and fed it to tho animals as they 
did before. The renult was that the helpful effect* were 
not in evidence. 

That bacteria are helpful factor* in digestion ought to 
bo tmpressod very strongly, if for to other reason than to 
help allay the prevailing fear of these little bodies. The 
pathogenic genus can do us no harm unhiss they are 
given an opportunity to grow in our tissues, and this we 
virtually permit them to do whenever wo lower our 
resistance by over-worry, fear, etc. In health/Howevnr, 
our Isslies are sufficiently equipped to oieroOtlui the 
disease germs. 

We have *;>okoa before of the im|xirlanre of imiteinx, 
carbohydrate* and inorganic salts in the foods of animals, 
to the extent tliat tho removal of any of these from an 
animal's diet would cause the deatli of Lhat animal. 
Whether or not fat is essential to tha life of an animal 
ha* also been studied by those investigators 

They fed a number of animals with diot* which wuru 
almost free from fats, and found that suuli diets did not 
interfere with the health of tho animals. It would 
appear, therefore, that animate can grow and maintain 
good health for a time on a diet which is nearly free from 
fut. 

This, it Is readily seen, is only of scientific im|>ortan«c. 
In actual lifo it would not bo advisable to eliminate fats 
from our diet* on account of tlieir relative cheapness 
and high heat value. 

Osborne and Mendel have very recently carriod out 
a scries of experiments which have a more practical 
bearing. They tested tho relative nutritive value of 
butter and lard. Butter, according to their experiments. 

Is far more nourishing than bud. Animals wldoli aj>- 
puared weak and ill when getting lord in their diet showed 
marked improvement when butter was substituted. 

At the present timu those snioutist* are concerned in 
the study of tho relative nutritive value of the various 
vegetable fat*, such os olive oil, linseed oil, ote. 

Tho experiments of Osborne and Mundol are known and 
dkenawd in every biological laboratory in this country 
and abroad. They havu caused old theories to fall, 
and now theories to form The science of nutrition is 
undergoing a period of reformation, anil we feel nut a 
little proud that two American scientists are among Its 
reformer*. 


B*ecet DevaJopneats in X-Ray Tubes* 

Psur. W. a RUntqxn of Wunburg, BmvarU, suspect¬ 
ed that when a ourront of electricity pawed through a 
glass tube containing a gas at very low pressure. In¬ 
visible light waves were given off. The idea occurred 
to Mm that such rays might affect a Bonrcacent screen 
In much the same manner aa did ultra-violet ray*. In 
order to cat out the visible light from hi* vacuum tube 
he wrapped U in hraTj buck paper. Upon operating 
the tube to make certain that tha covering waa com¬ 
pletely lighttight, he noticed to hia surprise that the 
fluorescent screen which be had left on tha table three 
or four meter* Sway glowed bright)/. 

Rflntgen Investigated the properties of the X-rays 
with characteristic Oarman thoroughness. By 1887 he 
had linin' such a volume of Information about X-ray* 
that nearly every essential piece of research oo their 
properties up to 1908 can be found In its more element¬ 
ary florin In hte three original memoir*. 

HMtpnte original tuba of 1W waa, Judged by mod- 
era *a»d*His, a pretty crude affair, lte cathode waa 
flat and antittad a dlffoaad beadle of cathode rays which, 
upon hitting the glass at tha tar cod of the tube, pro¬ 
duced X-ray*. In lflBfl QampbaU-Bwlnton added a plat- 
lutaa target epos which the cathode itream hit This 
lacreaasd Urn penetrating aMfity of tha raya obtained. 
In the same year Jackson made the cathode concave so 
as tetjora the cathode atroom upon a null area of the 
tar*fc Ny gtvteg aore nearly a point eource of X-raya 


Ptf pe m . Tha X-ray tabs Wa eoon changed la torn, 
hat as* I* prtttfr*. * «e*», eaa added by which 
'tternnitewf tnW* tha Mb* cm# be increased at win, 
**4 ***** were tried tar remortsg best tone 

tbeJhcaiejnttftfaaW- ...... ■ 


Meanwhile In 1B12, Ur. Coolldge discovered the 
process of making ductile tungsten such bn 1* used In 
tlic filament* of rnaxdii lamp*. Hhorlly after this dis¬ 
covery he became Interested In perfecting a wrought 
tungsten target for X-rny tubes. During this work It 
became neewaary to operate tho tube* up to the limit 
of their capacity Iu order to find out luiw much abuse 
tile tungHten targets wonld stand. During the course 
of this work he fouud that the ordinary aluminium 
cathode could be melted tf snfllidently high currents 
were sent through Um tube. He tried to remedy this 
by substituting n rnthude mnde of tungsten whose melt¬ 
ing isitnt 1a very high. But such tubes were found to be 
very unstable. When current was sent through such a 
tuls>, the vacuum Increased rapidly until finally no 
current would pass through the tube until gis had boon 
liberated from the vacuum regulator. From a practical 
standpoint such a tube was bopeleraly unsatisfactory. 
Finally It waa found that If the process of operating 
the tube and Immediately reducing the vacuum were 
repeated rapidly enough, the cathode became hot enough 
to glow, and that after this the tube would operate for 
several minutes at a time without It being necessary 
to tot In fresh gas from the regulator. This suggested 
the Idea of a oatbode heated by aome external means. 

Richardson, "had others In 1802, bad shown that 
elcctroo* could be obtained by merely beating the cath¬ 
ode, but had not bsen able to obtain constant results. 
Dr. Langmuir of tha Research Laboratory of the Gen¬ 
eral Electric Company, bad shown that tha rata of 
omlssdon of electron* from a hot tnngstee cathode in a 
very high vacuum depended only upon tha temperature. 

If wa beat a tungsten filament, electrons are given 
off and aoou a condition of saturation occurs around 
the filament. If tha filament to made the cathode of a 
low-potential draft, a small current pi a na If the 
voltage la fncreaaod, a larger currant parara. Finally 
a voftaga la reached which swespa away every electron 


a* fast as It emerge* from the hot tungsten. For all 
voltages above this, the current to constant, and to lndc- 
Ix'iKleut of tho voltage. Thus we have a resistance us 
fur removed from the ordinary Ohm's law resistance ns 
poaslblo. This Is not because the conduction to carried 
on hi uny different way, but bcenuao the number of 
available electrons to limited. (Tho reason that Ohm's 
law bolds In conduction through wires to that tha sup¬ 
ply of available electrons In the wire to practically 
unlimited.) 

As a source of electrons In hto tube. Dr. Coolldge 
made use of a small spiral of tungstau wire bested 
white hot from a storage battery in exactly the same 
way In which electric automobile lights nre ojieralpri. 
Tbto spiral la the cathode aud a block of gas-free tung¬ 
sten to the anode. The rate at which electrons are given 
off from the spiral dopends upon Its temperature, widen 
to undpr the Immediate control of the person operating 
the tube. The voltage across the tube to also con¬ 
trollable at wllL Aa the voltage employed In ordinary 
X-ray work la much greater then to necessary to snatch 
all the electrons serosa from cathode to anode as fast as 
they are evaporated from the filament, even at the high¬ 
est currents now In use In X-ray work, the voltage and 
current passing through the Coolldge tube are totally 
Independent. Both may be adjusted to any desired 
value with any degree of precision desired, and at any 
such adjustment the X-ray performance of the tube can 
be duplicated time after time. 

A Novel, EsgiMeriof Expedient 

Out In Honolulu It became neceaaary recently to low¬ 
er a Urge and heavy steel tank Into a dertp pit where 
there was very little apace beyond the dimensions of 
the tank, so that the workmen liad no room for ordi¬ 
nary blocking of the site required. The difficulty was 
met by building up a bloating of Ice, and subsequently 
melting It out by sloaui. 
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Stamping ferrules by ■ drop preee. 


Forming blade* oa a poach preaa. 


The Cutlery Works of Thiers 

Manufactures of the Old French Town Where Knives Have Been Made for Centuries 

By Boyer 


With Ita cutlery shot* Mattered along the water's 
brink on the right bank of the turtmleut huroHes, 
Thiers I* one of the mint plelun<M|tie rtlleupH of France. 
Built one after the other at tile Isiitom of the valley, 
these curious workshoin, known throughout the itlstrict 
ns "wheels," contain each some 8 to 12 grind*tones, mil 
In tlw course of a year thousands of knlfe-bladee are 
slutrpeued In them. The workman. It ahonld be said, 
Inbora aa he pleaaea In these shops, an he la merely a 
tenant of the place he occupies In return for a rent of 
80 to 100 franca a year to the owner of the "wheel." 
Thus, he preserve* his liberty and comes when he sees 
0* to iierform his severe task. 

The operation of knife-grinding (in a primitive and 
IMlnfal but original fashion) Is still carried out at 
Thlerw The'grindstones revolve on a boriiontal axle 
set n lltQe above the river and the lower part of the 
stone dl|M Into the water, which thus acts at the eame 
time as a lubricator aud cooler. The Ihirolle furnish** 
all tlie motive |iower for the entire workshops tn whteh 
urlndcrs are seen lying on their sloniarhs on plank*. 
The plank, slightly iisilned toward the workman, rest* 
oh a scaffolding. and its hardness Is softened by a 
cushion or slieepekln. Keeping the bead and shoulder* 


tip In the air, each man holds lu hJs hands lielow the 
Plank the piece of steel nit mil by a imncb from which 
lie is to make a knife-blade by premdng H against the 
circumference of the grindstone. When II Is msvmsry 
fur the grinder to exercise considerable pressure, cither 
to make the point or to thin a part where the metal la 
too thick, he raises himself slightly and presses the 
Made against the grindstone with all th* wrigbt of bia 
Imdy. On account, however, of the humidity prevalent 
In the "wheel*," the poor fellow stretched at full length 
Is easily benumbed and ends by being very rheumatic. 

To avoid these aliments, therefor*, a* much as possible 
and to keep themselves from getting cold, th* grinders 
use little dogs aa “furnace*.” 

When ready to begin work each one of them whistles. 
Immediately a faithful little dog, trained to this task, 
comes to roll himself up on the crossed legs of the 
grinder. The Intelllgsut animal covers It* matter 1 * legs 
as much aa possible, sod at times stretches Itself epos 
the grinder's back; in this wsy It communicatee a gen¬ 
tle I teat to him without which the lack'of movement 
could cause tbs master to become cfaUlsd tn a ritoct 
time. The poor subnet* seldom live to grew old. After 
haring sued for several yean th* riBc* ot a living 


■footstove" they become crippled, are killed to rave 
them from urelem Buffering, and an replaced by an¬ 
other spaniel or n* me law mongrel. 

As early a* the thirteenth century tlw "cwfeNera” 
told French for cutlers) wgre carrying on thetr work 
lu the old Anvergnnt town of Thiers, but the drat au¬ 
thentic documents d is c o vered by th* archeologist Gus¬ 
to ve Hatnt-Joenny only go back to the rad of tlw fif¬ 
teenth century. These papers an, flftt, a pardon 
granted In the month of October, 1480, to King Oharira 
VII (o a cotier of Thiers, Jebau d'tJrsoo, who had am- 
pftaalsed himself by making tbs mold* ased by a 
Parisian goldsmith named Faorri to tun out bate 
money at the chateau of BalntQtrquea near Irarira, 
Then, a fragment of the land-book of the heronry of 
Thiers, dated 1474, abowa that a fourth of th* popula¬ 
tion wii at that rime engaged In the cutlery trade. The 
Industrial activity of Thtars began about Uri* sport, aa 
did also that of BbriBrid, and the town developed lath. 
an important cutlery canter; tUa Importance wmt tnra d 
until (he rightaeotb century, when the lodnetry began 
to dtrtam Howerar. lb* kbit* popuaife caitod 
/art* waa aim m a an fa ri a r ed In' Aarergns and gauttMl 
the atetatet * Fa* it th* esperitt* «t 18* The 








































sanmnc AMERICAN SUPPLEMENT Na20« 


Mima at the Loom tu a genuine example ot tu* 
kntfs with • tMa ffio*tu« wtthoot a vriog; cgUmom 
rid* M its wood* buffi* it the word 'TaritaMa’ (gare 
utoe) and on the otte “Mach* Dobofa," bum at It* 
makar in Thlara Tbe humMw <mt*dk« 4m hot* 
(wooden aartacfca), generally omd to Franc* to ded«- 
o*ta Uda kind of knlfa, 1* therefore Incorrect 

Daring the nineteenth oentnry tte manufacture of 
knlren. steadily Improved in France; From 1848 in par¬ 
ticular tbe outiara of Ohttalloranlt began to use ma¬ 
chinal? for the mechanical manufacture of tbe ban- 
dlaa; than cam* forging and tiling machinery, which 
Unprormnent* were adopted long afterward* by tbe fic- 
tertac at Nogent and Thlara. 

At the preaaot day two eiaaaaa of Moire* are made— 
knlraa that do not eloae, aa table-knives, and aprlng- 
knives, aa pocket-knlraa 

Thta much being clear, let u» take up tbe processes 
in the manufacture of knlvM which do not close, and 
bagla with “the blade of tbe euatacfae,” the blade which 
it la ni aa aa ary in anccearioa to forge, harden, grind In 
order to obtain the cutting edge; and Anally to pollah. 

Steel roda of good quality haring been aelectod, they 
are divided Into equal lengths, which are drawn out 
at ope end to foam the blade aud at tbe other to form 
the ting that la fitted Into the handle of horn or wood. 
The drawing la done by a email trip hammer which 
■trikes 800 to 400 Mows a minute. Then the bolster 
or ahoulder Is made by proving with a fly-preee the 
part of tbe steel that remains between the blade and 
the tang. A catting machine then fires the blade Its 
final form, aud various reheatings or cold hammerings 
restore to tbe steel its original physical qualities. As 
a fact, in the course of stamping the crushed metal 
loses its homogeneity, so that, In order to make a good 
knife. It la naceaaary to use special steels from which 
the Made* are forged by hand In the old way, or by 
the aid of sol table machinery to multiply the blows 
of the hammer aa a blacksmith doe*. Tbeee methods, 
though, damand a large expenditure of time and energy, 
and It la, therefore, better to nee a rolling process, by 
which, after a single beating, the workman In drawing 
the metal causes a regular displacement of tbe mam 
with a minimum of effort and without altering the In¬ 
ternal structure of the metal. The principle of tbe 
various machine* la that two cylinder* each having a 
concave die of half the thickness of a knife give to the 
blade'its gaheral form. The workman Inserts the steel 
rod, cut to the desired longth and heated red hot. It 
comes out on the ether side transformed Into a blade. 
Unfortunately thane machine* are expensive; new cylin¬ 
ders era frequently needed and the price of renewal la 
high, while. In addition, they are suited only to a 
single fixed model. Consequently, a now rolling mnchlno 
has been lately invented, consisting of one small un¬ 
stamped cylinder and a plate carrying tbe matrices of 
the different blades and traveling on a carriage formed 
as a slid* bar. The movement of the carriage la pro¬ 
duced by means of a screw or a rack bar, or a connect¬ 
ing rod and eccentric, while the rotation of the cylinder 
la caused solely by the adherence of tbe objects to be 
rolled. The cylinder la fixed ou an adjustable shaft 
which can be regulated according to the thickness de¬ 
sired. The steel cylinder lasts Indefinitely, and It suf¬ 
fices to true it each week with an emery wheel. As 
to the matrices, which vary with each model, they 
bear five rehardtnlngs easily, and can strike off B00,000 
Made* before being worn out 

Whether the blade baa bare made by hand or by roll¬ 
ing machinery its surface is rough and the cootoure In¬ 
exact It to, the r e f ore, necessary to go on to the smooth¬ 
ing down which was formerly done with a file, bat Is 
to-day executed by special cutters which give it the 
final form. On leaving these machine* tbe blade* re¬ 
ceive a preliminary grinding In order to equalise tbe 
tblckusea of the cutting (ids. This whitening reduces 
the later work of the grinder after the blade Is hard¬ 
ened. It ahm facilitates the stamping of tbe mark 
which (a made by placing tba too) engraved In relief 
on the blade, lying Oat on an anvil, end striking a heavy 
blow with k hammer, which stamp* the mark on the 
blade. 

line blades are still hardened aa In tbe eighteenth 
century. They are first heated with charcoal to a Hear 
red and then they are qoenched in water. After this 
they ere again (lightly heated' to tamper the steel and 
to give It elasticity, and when tba metal becomes straw- 
colored or Mae, according to It* quality, tbe tempering 
to checked by quenching the biedae again in cold water. 

, The btadea of moderate priced article* are hardened la 
tbe foUowli* manner. A fimUj oredUe filled with 
Jeffif la eat in an ordinary ftupua, and aa soon aa the 
mettl bell* the welfares 'rim In sneered oc with 
phwar* each Mad* to be hardened by tbe tug and 
piungra i| up to the bolster, into the eruriWe. A* the 
Mad* totMuU quickly acquiree the tamperetxre of the 
UmQ, tte workman dfewi It out and UueedUtaly plunges 
Of oolm oft which may be mea t» the right 


in one of the illustrations. An iron grating on the top 
of tbe pot stops tbe blades by tfaalr projecting parts 
•od tbe number of its Interstices for blades la just 
auffleiret to keep tbe temperature of tbe all bath at tbe 
right point. Hie hardening haa much in(n»n« on the 
valoe of the knife, for it glvea resistance, hardness, and 
elasticity to the steeL As, however, hardening rarely 
gives these three qualities at the tame moment to steel, 
it is necessary to repeat tbe process several times and 
the skill of the workman plays a large part in the final 
result 

During tbe tempering tbe metal payee successively 
through characteristic thadee of fire colon. To obtain 
a very tough steel It to tampered to a deep blue; If 
It to to be more bard than tenacious, to a straw color, 
etc. For example, knives with strong blades are heated 
to a copper red, bistoury*, and penknives to an orange 
yellow, rasora to straw color. Finally, certain articles, 
a* lancets, demand special care and need to show sev¬ 
eral shades at tbe same time when In tbe fire. Thus a 
fine knife will ahow In tbe tempering the color of 
water, violet, and copper red In succession from the 
back to tbe cutting aide. 

Next cornea the grinding, the beginning of the sharp¬ 
ening which given tlio cutting edge to tbe blade. Aa 
was said In Ibe early part of this article, it to done by 
grindstones generally made of Vosges sandstone. The 
stones are 1.33 meters In diameter and 0.1fi meter thick 
and turn at a moderate velocity In a trough constantly 
filled with water. After it baa sharpened 800 to 700 
dosen blades the grindstone to wom out, being reduced 
lu diameter to 0.00 meter. 

Tbe sharpening, which follows tbo grinding, gives tho 
edge to the cutting side, and to done by hand on whet¬ 
stones of different kinds according to whether the 
knives are large (quartsose sandstone), or the blades 
fine (greenish clone grained schist). 

As has been already said, grinding to a fatiguing 
operation for the workman, aa their task to carried out 
In a humid atmosphere rail of metallic dust. At ChUtel- 
lerault the grinder stands. In whatever way It la 
done the work 1s laborious. Efforts have been made 
to find mechanical methods of doing this work, bet no 
grinding machine that has been devised up to now ap¬ 
pears to have solved this difficult technical problem. 
One patented some fire or six years ago seems, how¬ 
ever, to be an Ingenious device, although up to the pres¬ 
ent not largely In use. This machlne*roqulres only two 

..and when mice regulated sharpens 200 to 300 

piece* per Imnr. After It has shar|SHied 100,000 blades 
the grindstone of the machine has to Is- replaced. 

Be Hint as It may, It Is necessary to smooth aud iioltsh 
the blades In order to give them flneiiess snd metallic 
Inster. This work Is usually done on wooden wheels 
covered with felt or with pieces of buffing leather cost¬ 
ed with emery, and driven at hti average *i>eed of 2,000 
to 2,300 rotations per minute. They are partly Inclosed 
by a home which serves ns a seat for the workman and 
protects him from the flying dirt, and they are able 
to execute several kinds or oiieratlon*. One man first 
polishes the holster, another the hack of the blade, a 
third tho blade, aud at this pulut the polishing stop* ft»r 
common cutlery. Kor more carefully made articles tho 
work to carried farther with polishing wheels or lap* 
covered with leather and reeled with tin putty or 
crocus. Sometime* certain manufacturers at Chflteller- 
ault send the blades to another special polishing wheel 
coated with a mixture of wax and flour emery. Lastly, 
cutlery of complicated form la polished by wheel* 
equipped with brushes soaked In a mixture of emery, 
tin putty, and crocus, 

Tbe Made of our knife being now completed ami bril¬ 
liantly polished, let ns oiainlno tbe manufsirluro of (he 
handles of ebony, or othrr rare woods, Ismo, horn, nml 
Ivory. 

The work commences by cutting np the crude mate¬ 
rial with a circular saw Into pieces of Ibe desired length 
and thickness, then Into roughly shaped handles, which 
are trimmed by planing Bach handle to then put sue- 
cesslvely Into a tool which presents Its end to a special 
cutter fixed In a rapidly routing shaft. After this tbe 
handle to set on a planing macfalnu with a cutter sp- 
proprtate In form to the shape of the future knife. 
Then an open guide presents the four sides succowlvely 
to a tool which, revolving below tbe handle at a speed 
of 2,800 revolntlon* per minute, ornaments tbe side* 
with more or less artistic chasing. Tbe place tor the 
ferrule to made an a lathe, and the piercing of the hole 
to receive tbe tang of the blade to also tbui done. 
Finally, the handle to polished with various kinds of 
wheels or laps coated with a mixture of pumice and 
Ml. Pearl handles, though, are dressed by band after 
they are sawn out. 

We have now the two essential parts of tbe knife: 
the histIr ami llie Imndle. All Hint Is now lacking Is 
a ferrule of Germau silver or sliver to uidle lltoiu. The 
Iraud ferrules of common knives are geuerally made 
from stripe ot German silver rolled and grooved. Tbe 


strip* are dlvldod into pieces of tba desired length, and 
tbe two ends are brought together end soldered. 

For finer cutlery the ferrules ere stamped out as 
follows: Tbe German silver at a thickness ot 2)4 
tenths of a millimeter to cut Into stripe and pieces suit¬ 
able to make half a ferrule. Bach of these pieces I* 
then put under drop-hammer, the matrix ot which Im¬ 
prints tbe desired ornamentation on It, and then a cut¬ 
ter removes the unnecessary metal. Tbe ferrule halves 
are reheated and prepared for the soldering by passing 
tbe two faces flatwise against a Lombardy atone In or¬ 
der to smooth them. Tbe workman then unites them 
by twos with a very flue wire aud fills the joints with 
solder mixed with powdered borax. He then places 
tlMs ferrule* on a long wire spit which he seta on a 
grooved board arranged to receive three or four dosen 
spits aud places them In a furnace. When one side of 
the ferrules to welded, then the other Is dune, after 
which they are cleaned off with nitric acid and vitriol. 
Lastly, tbe seem to smoothed down with a small file 
aud tbe ferrule to polished with a brush. 

The making of silver ferrule* does not differ greatly 
from tbe manufacture of German silver oihm. It Is now 
necessary to assemble tbe three parts (Made, handle, 
and ferrule), the manufacture of which haa just been 
described. 

First the fitter puts the ferrule on the bundle, then, 
according to the particular case, he enlarges the open¬ 
ing In the handle or reduces tbe tang ot the blade to 
make sure that tho bolster has a true bearing Another 
workmen then seines tho trued knife, draws Urn blade 
from the handle and puts the tang of the blade to heat 
on a charcoal bruslcr. Whllo this Is heating ho fills 
the hole In tbe handle with a cement made of resin and 
powdered brick. Ho then forces tbe tang, which 
Is red hot Into tho handle. Tho cement melts, 
and after the work has cooled a third workman 
rubs the ferrule clean and sends tho knife to 
the |K)ll*her, who puts the Anal polish on tho handle. 
The knife now goc« to the filer, who removes the over- 
(liln iiart of Hie entUng edge, whleh by doubling over, 
wisilil prevent the edge from cutting. This last opera¬ 
tion, which Is at least Hie thirty-eighth phase of the 
manufacture for ordinary articles. Is done ou a Nor- 
lunndy stone, aud Is repealed on a Lorraine stone with 
a finer grain. 

The manufacture of spring knives closely resembles 
In Us main ouUlnes that of taklo knives except in the 
making of the handle. The metal pieces or scales 
which form tho handle are made by a punching machine 
and are finished by filing. The assembling consists In 
milting these scales snd the spring by two rivets fast¬ 
ened in tight, and the blnde Is introduced between the 
two scales. The bead of the blade to fastened by means 
of a rivet, to which a little |ilsy Is allowed. As the 
scales are generally covered by plHtcs of other mate¬ 
rial Hie latter are set on before tlie sssembllng. 

It should lie said In rliHlng Hint though knives nre 
■in object of primary necessity they are made only III 
n few centers. Thiers, Nogent (Dctsirtnient of lfautc- 
Marno), OhAtellersnlt and Langres Id France, Sheffield 
In Kngland, and Sollngen In Germany, flood with their 
products all the markets of the world, notwithstanding 
the enorraoua customs duties, sometimes over 00 per 
cent of Ihe value of the objects ns In the United States, 
and rising even to 070 francs )ier 100 kilogrammes for 
fine cutlery In Russia. Up to now the Wugtlsh and 
Germans have been much more active than tbo French 
and have secured, to the damage of tho latter, tbe larger 
part of the business throughout the world. Before the 
pnwut war Hollngcn with Its siilnirlw funned n town 
of over 100.000 Inhabiting* engaged nluiust solely In 
Hie enllery trade. Its anniml output wns iallied at 
more than fifty million frauea, of which It cxjiorted to 
Hie viilim of thirty million francs. It luid Hie audacity 
In send Its knives to Tillers, whence they returned hear¬ 
ing the Justly renewed Auvergnat stamp, so ns to eisu- 
pete more easily wlUi French nrth-les. It Is to be hoped 
that Hie French will now lie wise enough In protect 
themselves against such proceedings. 

Sheffield, which turns out an article of gisxl quality, 
manufactures annually, for Us isirt, cutlery to the value 
of 40 million francs, of which It ex isirt* to the value 
of twenty million frame. The factories of Thiers and 
OhAtelleranlt, therefore, ought to adopt modern equip¬ 
ment In order to battle with success against such for¬ 
midable rival*. 

Old Eoftith Seals 

An examination of the old wax seals on documents 
In the British Public Record Office show that those dat¬ 
ing between tbe thirteenth and eighteenth centuries 
hsve a composition almost exactly like modern sealing 
wax. A specimen of the Great Seal of 1080 wa* found 
In lie nnnimsed of irare hemwnx: while two seals on 
ducuinetils bearing dates 13H0 and 1423 were of bees 
wax that Iwd characteristics more iivnrli like Ihe In 
dton than European article. 
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The Reaction of the Planets Upon the Sun-*-!* 

Influence of the Earth and a Study of Sun Spots 

By P. Puiseux,' Member of the Institute, Astronomer at the Paris Observatory 


Tiik impular preconception that the north, with the 
huii muting alsnit it, was the ooutor of the universe, 
wen overcome only through th<> punristent effort* of 
■ulninomiTs and physicist*. We will not here review 
these memorable discussions, but will note merely the 
renult. Kvnryomi capable of nmiuictod and geuroetri- 
oal reuxoiiiiig will hcoomo convinced that the ponition 
of tlio earth, fane to fane with the min, ie that of a humble 
Hntollite, anil llial our globe, foreed to escort our day- 
linie star in ite myeteriouN course through spaoo, receive* 
from this Hlar its law of annual movement and at the 
name time ite indispensable ration of heat and light. 

doing from one extreme to another, the nun wan be¬ 
lieved to lie independent of the relatively minute planet* 
whieh it carrion along with itself. It aevmeri that a 
fletitioiie oheerver, placed at lU center or on Ite Hiirfaee, 
aould have no occasion to suspect the existence of other 
celestial bodies. Further protected againet any J>er- 
eeiitihle action from the etare by their imnienee dietance, 
the Hun muet lavish its eplendnr, with no pay in return, 
ami follow unperturbed itn undeviated path through 


Thin conclusion wae in Home respects too radical. 
All account of lliia matter could lie rendered only when 
t lie penetrating genius of Newton showed that the curved 
trajectory of a projectile, the revolution of the numn 
iilxnit the earth, and the revolution of the earth around 
tint huii were three manifeetationii of the aame law. Thia 
law liohlH everywhere. Further, it ia not a special privi- 
live of thi' center of any system. The bond exists, real 
I hough Hlight, between any two particles whatever The 
sun, as well as the humblest planet, benause or this bond, 
must undergo periodic variations in its speed as well as 
In its sha|ie. 

Have we to-day at our dis|ssial sullleient delicate means 
of observations to iletort these changes? In Newton's 
time such means were probably lacking. The eapriees 
of our atmosphere furnished a ready explanation of the 
npjmrcnt fluctuations in solar radiation. The s|sits had 
Ism observed on the mill’s disk, sometimes Tew, somc- 
I imes many, but no law had boon assigned to them. Fur¬ 
ther, the traditional fixity of the constellations lod to tho 
liolief that the sun maintained a oomplete immobility 
with reference to the stars. 

Itut the pmhlcm plainly slated aroused now attempts 
ul its unraveling. Bradley, a fellow countryman and a 
disciple rtf Newton, showed that much greater precision 
isiulii Is- obtained lu the measnnsi of the angular distances 
of tile stars than had before been gained. I/oss than a 
century Inter, W. Hersehel could affirm that the con- 
Htellatiens ilu alter their form, and the beet determination 
or these changes may Imi explaituxl by attributing to 
t he solar system a regular nsililinear motion. The ambi¬ 
tion of astronomers, increasing with humxwk, tries to-day 
to show that this moMimi-iit is not rigorously uiiironii, 
mid even though shield's! from the notion of ilie stars. 


ll m pretty safe to predict what will be the most marked 
of these immliallonx. It ia not the center of the sun itself 
which possesses the uniform rectilinear motion, liut tho 
center of gravity of the system fiirmtsi liy the sun and all 
tliu plauets. The oscillation would be small ir only 
the earth need be considered. There is, however, a 
giant pluncl, Jupiter, whose mass exceeds that of all of 
the other planets taken Uigetlw-r aud is nearly 1/1,001) 
that of the sun. Describing its orbit at tho rate of 12 
kilometers )s<r sceonil, Jupiter forces the sun to rotate 
ulsiut an imaginary renter with a velocity a thousand 
I lines less. This is apparently a very small amount, 
bill not at all ntgllgibiu with respect Vo tlui velocity of 
translation of the solar system, which is 20 kilometers 
|st second. CoiMs|uenlly, Lhe speed of the solar system 
toward a point ii> the constellation Hercules is sometimes 
lOH-elemted, sometimes slowed, by one part in one thou¬ 
sand iu an interval of II years. 

Very few of tile stars are near enough to us for the 
parallactic displacement relative to the more distant 
stars and due to ttiis motion of tho sun to be appreciable 
in II yearn, ('onwsiuenliy, to measure 1/1,000 part 
of this displacement is beyond the rowuroea of precise 
astronomy Wc may ls< pretty sure, tllough, that some 
day we w ill thus obtain, at the same lime with a measure 
of Hie muss of .lii|Mli-r, a sat sfaelory new noufirmaUon of 
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tho principle of the unlvsreal attraction of gravitation. 

Meanwhile help oomes in another way. What the 
micrometer for a long time will probably be unable to 
give, the spectroscope is always famishing. Although 
the variation of 20 meter* per second, which we wish to 
detect in the motion of the sun, require* yean to ohxnge 
sensibly the apparent position of a (tar, H takes only a 
moment to alter the quality of its Ught, Whatever the 
distance, the light waves wiD come to us sometimes 
more frequently, sometime* lem;,their path through a 
prism will consequently he found altered and the fine 
metallic lines of the spectrum recorded by a photograph 
will be displaced relatively to those of a stationary 
source, such a* an electric spark used for comparison. 

The earliest happy applications of this principle were 
due to Huggins and to Vogel. It was used to separate 
numerous double stars composed of pain of suns so close 
to each other and so distant from us that each pair ap¬ 
peared as a single star. But tho brightness of each was 
sufficient to reeord a spectrum and the relative velocities 
were sufficiently variable no that two spectrum lines of 
the same chemical origin separated periodically. Sub- 
Seq Iiently another class, yet greater in number, was found 
in which the spectrum lines were not doubled, but showed 
a periodic oscillation. In this cose we may suppose that 
one of the two stare, while not bright enough to register 
its spectrum, is yet heavy enough to sway its associate. 
Tho period is usually several weeks or days. The dis¬ 
placements of the lines correspond to velocities of the 
same order as those of the planets, from 10 to 100 kilo¬ 
meters ]st second. Because of the extreme accuracy 
and care in the use of spectroscopes, certain astronomers 
can now measure velocities to a fraction of a kilometer. 

The time will come when pairs like the sun and Jupiter 
nan lie detected, however distant they may be, provided 
only that tbn principal star Is bright enough to record 
it* spectrum Campbell, who is the leader in this class 
■if reeeareh, estimates that on the average one star in 
three will bo found spectroscopically double. It is very 
probable that even more stare are double since we can 
see no reason why a planet like Ju|>itnr should be excep¬ 
tional We may predict that all stellar spectra will be 
found thus variable even after correcting for the orbital 
movement of the earth. We may then gather photo¬ 
graphic evidence of the existence of planets about the 
stars as well as the periodic oscillation of our sun due to 
Jupiter. The earth, of course, will produce a similar 
effort only less In amplitude and period. But who would 
dare to put a limit to the skill of our optician* or the 
patience of our astronomers In a path so definitely 
marked out? 

this m-asets as the cause or the solas cycle. 

To find that wo disturb the sun is of course something 
to elate u*. We feel perhaps a more tangible satisfac¬ 
tion if we can find that we cause changes in the aspoot 
of iu surface, disturbances visible by direct and not 
indirect evidence in tho field of the mioroaeope. 

We will now consider a deforming action dependent 
also im Newton’s law but of a differential nature and 
consequently proportional to the inverse cube instead of 
the inverse square of the distance. This dlflereneo 
het|n to compensate for the inferiority of the mass of the 
earth with reference to tho greater planets and gives it a 
chance for an honorable rank in this contest. 

We have under our eye an encouraging phenomenon. 
The attraction at the surface of the earth due to the sun 
is hut a smalt fraction compared to the weight of a body 
here, and the yet feebler attraction due to the moon oaa 
not lighten a body by 100/1,000 part of its weight. 
Yet we see the moon exerting this power and indeed 
with throe times more strength than ia felt from the sun, 
in deforming our globe. This action nan be detected 
upon tho atmosphere, the oceans, and even the solid 
erust of tho earth. The seas, however, are what render 
it most evident to our eyes. Under favorable oondi- 
tions, for instance, in tho Bay of Mont St Michel, on 
the French ooait, we see the sea following faithfully 
the passage of the moon aerow the mtridlan. The ara'i 
level changes at the flood some 20 meters in a few hours, 
displacing the shoreline several kilometer*. The work 
thus developed, If we could only put it to use eeoooml- 
rally, would be enough to render nsolera all our ofl xreOs 
and all the engine* In the world. 

We may find that no planet is as favorably situated 
to trouble the sun as the moon is the earth. But par- 
ha|w wo should not be so exacting. We see gprm tho BUT) 
nu such liquid sras whieh might be mad* to extend or 
contract their domains. The weight there to be cote- 
qiKvcd is great, 27 times greater than hare Bespit* 
that, we tee ehaao ra that the am may met - aetitifr, 


or area more actively, than the earth, under the action 
of a distant body. We are tndesd led by sevaral convert¬ 
ing path* of reasoning to think that the (urfaca layer* 
of the sun are to a gnat depth formed of extranet/ 
tenuous mobile matter, little subject to the action of 
weight and all ready, conse q uently, to obey the least 
fore*. 

A first piece of evidence along thh fine la the davttep- 
ment of spots, rant* whieh serai to appear in the lumin¬ 
ous veil of the solar surface, reaching tn a few day* an 
extent of 10, 20, or 30 thousand idlometcn and dis¬ 
appearing with equal rapidity. In the ipeelnna of 
there spots there b an insreare ia the number and in¬ 
tensity of the absorption hands, leading us to think that 
various metallic molecules of oonskUrabi* atomic weight' 
are spouted out in torrent*, carried along by current* 
of lighter hydrogen. 

More tmpress! ve yet ia the appearance of protuber¬ 
ances—clouds which develop and remain at heights 
where they oould not be sustained by the dense and 
refringeut atmosphere. Much less bright than the dbk, 
they have a special spectrum and during total eclipses 
are the principal source of fight. We ran now photo¬ 
graph them at any time about the edge of the dbk by an 
ingenious method devised in 1869 by Janssen and by 
Lookyer and sinoe singularly perfected. On many oeeaa- 
ions we have been assured by Incontestable evidence 
that protubennora can mount tn a few hours In the form 
of vertical Jets, narrow at the here to prodigious heights 
—60,000 to 100,000 kilometers or even more. Oensrally, 
however, before attaining such bright* the protuberance# 
expand Into sheaves or stratified layers. At times they 
seem to be the seat of violent explosions, are scattered, 
and disappear very quickly. The spectroscope shows 
ns that calcium vapor, despite it* atomic weight 40 times 
heavier than that of hydrogen, rises very high in the 
protuberances. The displacements of the spectrum lines 
also furnish confirmation of tho enormous velocities 
(100 kilometers or more per second) which the deforma¬ 
tion! of the contours suggest. 

Total eclipses, during which protobtranoe* first at¬ 
tracted attention, are even now the only occasion* when 
we ran see another Interacting phase of solar activity— 
the solar oorons. Sometimes it appears sc a halo some¬ 
what equally distributed around the dbk, at other 
time* is gigantic streamers stretching out distaarea 
several time* the diameter of the ran. The forma of 
there rays indicate that the matter of whieh they are 
oompoaod shows no haste in falling back into the sun. 
This matter b evidently rtry sparse and has very little 
absorptive action on fight, for, despite Ha irregular dis¬ 
tribution, it causa no difference in the appearance of 
the various parts of the dbk. Its mobility must bo very 
great sinoe in flw interval cf two or three yean between 
eclipse* it* structure completely change*, aa our photo¬ 
graph* assure u*. 

Spot*, protuberances, and corona are aubjeot to a great 
variation whioh taka place regularly about nine times 
in a century After a period when the sun’s dh|c ap¬ 
pears entirely immaculate, spots re-appear in both 
hemispheres at latitudes from 20 degree* to 20 degrees, 
then, always Increasing, they invade the equatorial 
regions, becoming at the maximum 20 time* more numer¬ 
ous on the avenge than in a minimum year Thao, 
as the doeline renmnenees, the numerical predominance, 
whioh the Northern Hemisphere at first seemed to show, 
paoea to the Southern Homb phera. The spots find 
disappear in the high latitudes and then dim bibb all 
over the sun. 

The protubwaana paw through a simi la r eyrie, ex- 

thrir mean latitude teed* to tncreara in aaoh bemb- 
pbera. Toward the epoch of spot maximnm, end-only 
then, it b not rare to aw great protnbaraapes even near 
the pole*, when spots never appear, 

The corona during the tune period always undergo** 
a definite evolution. Toward the epoch of au-epot 
minimum the polar ray* are fine and vertical fike the 
bristlra of a brush. The Jet* ia the ndddb airi m*M 

latitude. During the tnraMon yean the prim and the 
Bquator we atmoct dear tad the taye art developed. 
only in the middb latitude*, firing the whri* a, rat-' 
taagriar appearance.' 

The more me reflect upon theee tent* the, Ifm m 
bd to regard the eun *e a mtmaroh, hme*rariri*, ragd rital , 
a uurarofivwj. fen* the earth, havi 
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dot *4 Imt tit* non astira of Umn external influenee* 
If eJa^faato took, me tiMffa it la not an easy one. 

lint, da wa find one or aanml bodies wWoh mid be 
h«UraaponaibJ*far aoyeUof 11 yean? Thastantwm 
to ba bayrad ararfdantira, tinoe in that period there la 
W» •ppraeiable change in tMr ttnaar «r angular distaoeas. 

W# mid. m did Mm HmtU. Uuu one or savenl 
awanaa of nateon, taactnad for the purpoa*. Ds- 
KvUsc Vary aeeeatrio orMta, they might gnu the 
nnfae* of die mu, canring tha apota. Suitably ehooalag 
thatr mutation period*, inolhmtlon., aoeratoMtiea, and 
the diatribution of (he matter hi their orbit*, we oould 
explain the phenomenon in all it* detail*. We muat 

put every 11 yean to rush a violent teat doe* not teem 
probable. Three la no doubt that meteor* fall Into the 
inn In great number*. But we have no direct proof 
that this happen* periodically and ao aa to produce 
vitibl* effect*. Booh proof we feel that wo muat demand 
for thia very aupple and convenient hypothec!*. A* 
theae awarm* have not been detected, we muat leave 
them and direct our Inveatigatloni to the planet*. 

The moat Important of theae planet* bring* a eo- 
iaeidenoe at flnt alght very aeduetlve. Nearly every 
11 year* Jupiter, in a determinate araae, oroaae* the 
plane of the aolar equator; alao in every 11 year* the 
numerical predominance of the apota paaaea from the 
northern to the aoutharn hemisphere of the ran. The 
aame interval •operate* the return of Jupiter to it* lea*l 
distance from the ran and the return of the aua-spot 
number* to their extrema value. 

We muat not hurry, though, Vo aign our victory. It 
1* not an approximate concordance but a precise one 
which we ahould demand. The period* in year* are 
11.88 for the revolution of Jupiter and 11.13 for the ran- 
apot cycle. For the aeoond period which 1* leas well 
defined, th* incertitude la in the hundredth*. For more 
than a century we have careful record* of «pot number* 
which reappear regularly. Now, in the ooune of a 
century the difference of 8 month* between the period* 
bring* them from complete coincidence to an absolute 
discordance. What now remain* of our hoped-for proof 
If the neareat approach of the planet mint sometime* 
oondltlon an increase of spot*, sometime* their dis¬ 
appearance? 

We may suppose that Jupiter’s action, though pre¬ 
ponderant, i* modified by a somewhat slower disturbing 
■force which Increases Iho interval between sueeeaaivo 
maxima But the statistio* of the number and oxtont 
of tho spots, analysed with the view of (hiding rach a 
force, aairigns to H raoh a long period that wc have no 
due as to its origin. A priori the moat probable dis¬ 
turbing body would seem.to be Batura. It must act 
In the same sense as Jupiter, although to leas extent. 
The spot maxima or minima ihould be particularly 
pronounced when the two planet* are in conjunction 
with the sun—that is, every 20 year*. Here again the 
evidence is negative. 

Wc get an even leas favorable answer from tho rest 
of the planet*. Either their revolution periods are too 
short to render an account cl an 11-year fluctuation or 
their distanoes too great for their action to bo sensible 
compared with that of Jupiter. 

TUB PLAKKTH AS A DIATCKB1NU ELEMENT IN THE SOLAR 
CYCLE. 

No planet then, or combination of planet* seems to 
ho the principal cause of the aolar cycle. We may, how¬ 
ever, suppose that this or that planet may for a brief 
time trouble tha cycle by rendering the distribution 
of apota irregular In longitude. 

The aun rotates with reference to the fixed stare once 
In 26 day*. Ilia planet* revolve about it in the same 
direction, but more slowly. Therefore, to an observer 
ob the sun, the suceesalve passage* of a planet over his 
meridian ooour in periods somewhat longer than 25 days, 
trading to approach this (sidereal revolution) a* the 
placet'• diitanee increase*. This la called the synodical 
rotation. That corresponding to the transit of the 
earth la 27 36 day*. 

OonahteiDg now the extreme totality of the aolar 
rarfaoe, wa will aw whether eaeh jjanet does sot pro¬ 
duce a tidal wave which, pease* over the tun'* aurfaee 
with the eomeponding *y nodical rotation period and 
capable of producing visible dbturbanoea. 

According to tiw alrawntaiy law of Newton, the rela¬ 


te *01 consider it first because we are better situated 
for ex a minin g Its effects. At each instant we can con¬ 
sider the sun aa divided into two oqual hemisphere*, 
one visible, the other not. The limiting meridians turn 
uniformly over the aurfaee id the sun in 27.36 days, the 
synodical period. 

lat us flnt auppow that the earth lias no physical 
Influence on the development of the spot*. The ratio 
between the total sun-spot area* in the two hemispheres 
may happen to have any valuu whatever; but the moan 
value taken over a long period of time embracing many 
aynodical rotations, say for a whole solar-spot cycle, 
ahould differ very littlo from unity. 

We can not at any given moment count or measure 
the apota on the invisible hemisphere, Bat wc can count 
the spots which appear on the eastern border and com¬ 
pare these with those which disappear in the correspond- 
htg time limit at the western htmk-r The ratio of the 
two number* would have a tendency to surpass unity 
if it is at a limu of decrease In spots and to lie lens than 
unity if In the inereasing phase. But taken over a whole 
cycle, the mean value should differ very little from unity. 

Now lot us suppose that the mrtli doe* have a physical 
influence, for instance, to fix our attention, that the 
preeence of the oarth aliovo the horizon of Home point 
on the sun favors the development of a s|*ii at that 
point. As this development is certainly not instan¬ 
taneous. any mure than is it* disappearance, more spots 
will be born In tho visible hemisphere tluui in the opposite 
one. Consequently, more n|joI* will disappear over the 
western border than appear at Lho eastern. Tlie in¬ 
verse inequality wdl be observed, provided we observe 
over a sufficiently long period, if the prr*en<s< of Ihu 
earth eausee the disappearance of spots. 

Instead of comparing the eastern with the western 
border we could compare the two halves of the visible 
disk, the right with the left, and the result would lie 
equally decisive. Practically, if the action of the earth 
on the solar surface is real, the actum will necessarily 
take a certain time to become manifest. Considerable 
moseoe must be moved, masses doubtless suhjixt to 
InUrior frietkm. It is so relative to terrestrial tides 
whleh at any point of tile earth suffer a variable retiu-iliv- 
tion, but always very markisl with reference to the 
panagn of the muon over the meridian. If the earth 
has no influence, tlie two halves -llto right and left - 
would, if considered over a sufficient time, show the same 
numtsT and same area of stmts. If the earth lias a 
real influi nee there will he found a persistent and sys¬ 
tematic Inequality. 

HXBKAKCHL8 Or UK*. MAUNUEH, 1007. 

Mrs. Maunder undertook to answer this question, 
utilising the photographs due to a eo-uperation of English 
observatories for the interval 1889 lu 1001, extending 
from one spot minimum to Lho next. At the Winning 
and the end tho sun seemed absolutely free from spots. 
In every instance tho rare survivors which could be found 
at the beginning and the end of lho periisl u|H>n the visi¬ 
ble hemisphere could not vitiate the isuielusiou* derived 
from all the observations. 

The tables obtained at Oreenwieh comprised— 

(1) The positions anil areas of the group* for each day. 

(2) The history, day by day, of each Important group; 
the area* are expnxwod in niilliunlh* of the visible hemis¬ 
phere and are corrected for tho effiet of perspective; 
the mean duration of a group is alsml 0 ila.vs; 2,870 
groups vm studied. 

Mr*. Maunder divided the visible hemisphere at each 
instant into 14 vertical vines, each 13.2 degrees wide 
and numbered in the Inverse nrdor of their appearance. 
For oaeh aone and tho entire period the sum representing 
tho area of the spots was made. Tlicse results were 
compared for aonea symmolrioal to the central meridian. 
There was thus made manifest a systematic variation 
from two points of view: 

(1) Deapit* the perspective nnrroetion, there was a 
constant progression on each side iu pawing from the 
limb to the central sons, aa if the perspective correction 
had bean insufficient. 

(2) For aaeh pair of acmes thorn was -a constant de¬ 
crease In passing from the eastern to the comw|smdmg 
weatara aone. The same thing wa* noted when in a 
similar manna- the northern and soiulern hemisphere* 

were treated separately. 

Various reasons make the measure* on the extreme 


tire taqtortanoe of tha tidal wave* for the various planet* 
1* (Ivan hr what m may call the d*farming factor, th* 
pradital of the maa* by the to vara* cube of tbe distance. 
If w* tasks th* value of this factor unity for the earth. 
Up mean rehtaa tut th* pbtiata are aa foflowa: 

"Umr:. ,1.04 Jupjtar.2.20 

. Vtarea...Batura.106 

wv.-e. ..l&J time .019 

. .08 Heptane.001 

■r 1 Wa ree that tbe mart Brtlrii eaaae hr a tidal wave 
B«l bi Jupiter, fallowed doady by Vrau*. Mereary and 
tike baftb titaMt arah tip naastalng ptaaeta Mag much 

***** aaimrt.rafr.tati** towtit rank. 


mm teas trustworthy, but even if wc omit them the 
mm conclusions result. If refraction in the solar 
atmosphere play* a part it would unduly enrich the 
extreme wine*. Accordingly, if a correction is made 
for it, it but tnoreasna the first anomaly. Neither 
anomaly can be due to errors of observation or reduction. 

If wc do not like this proooss of treatment we need 
not depend upon the anas of the spots, but count simply 
tbe number of groups visible In oaeh ratio, omitting those 
of long life which necessarily appear in both halves. 
Hers again, for all pairs of rauc*. the eastern one shows 
a greater number than it* corresponding western our. 

We next aak whether there is, either in tiw visible or 
fas tha htrWUa half, aa hahltuaJ.and syitamaUa era*** 


in Iho numbor of spot births over deaths. A priori, 
it seems as if it must lie mi for ono or the other hemis¬ 
phere during the plisso of incrua*iiig *|Hits, but that an 
equilibrium must Im oslablished wlion a complete cycle 
is considered. 

To throw light on this point Mrs. Maunder associated 
on each half of the disk the two extreme ranee and com¬ 
pared the number uf groups of spots which had boon seen 
in each of tlio two double zone's. The predominance 
was dearly in tho eastern pair. There are throughout 
a cyolo more apota seen near tho eastern Ixirder, and 
consequently for the whole visible hemisphere and whole 
cycle there is an execs* of disappearances over apixstr- 
ances of spots. Tho opposite must hold on tlie Invisible 
hemisphere, since at the beginning and end of a cycle 
tho sun is entirely free from spots. 

Ni<ghx-ting the extreme soups, where lho disapjicar- 
nncca may bo more subject to error, there was obtained 
for each zone tho numher of s|sils which were seen in it 
for the first lime and tho number seen in il for tho Inst 
time. Tho following result was noted: 

As wo go from oust to west, crossing the visible hemis¬ 
phere, there is an almost cons Unit diminution in the 
number of spot ap|M<aruneim over a whole spot cycle and 
a* nearly constant and even greater augmentation in 
tho nimitier of disapimnnuicc*. 

When we compare two sj niiiuvlriful region* of the disk, 
tho number of birth* found in ono is generally Kinallcr 
than the number of di*a|)|siaranee* in tlie eorrv*|*iiidmg 
region on tho olhi-r hiiIo of tlio central mendiui. 

If we were deuliiig only with numbers, the departures 
noted might Ik« considered us resulting from u psycholo¬ 
gies! cause, II is probable that tlieni is in an olwcrvcr 
a certain, ]sirha|is unenuseiim*. lupines* which kce|is him 
from recording new upiM'nninees and prolonging old 
s|>ota unit's* alisnlutiiy ihsinsarj. It is always more 
agreeable to register a disup(sxir»Tiee wlileli *iniplifles 
work rather than iiu ap|U‘arunee which augments it 

Thus, when a new small s|sit iipiieum fur the first 
time, there is a tendency to ineliiile it among those' 
already noUsI rather tliun to regunl it a* nil advance 
gnanl or germ of a new group If the first imiH-essiou is 
wrong, then there nnult* an unjustified diimniition of 
births in the visible hemisphere. 

In a similar manner, if a small group approaclii-* a 
more important group, either by oxiwnxion or demn- 
tiou, tlu're will Im a tendency not to consider it *e|iaratoly 
and to reniui eouuling il as soon a* the Hc|iuraliou between 
it and the larger group eensos to Ih- distinct. We arc 
thus led to credit fictitious disap|Mxirunci<* to the v isiblu 
hemisphere. 

Hoth those consideration* lead us to n-enrd more 
disappearances Ilian hirtli*. But these errors m enunl- 
mg do not explain why the total area iff *|xita is regularly 
found greater in the euHtera half iff the visible disk. 
Considering all of Mr*. Maunder’* result* we arc led to 
think lltal the presence of tho istrlli above the lion ran 
or a place on the sill) tend* to make s|sit* there ilisapiaiar. 

(TV/ be amcUird.) 

Selenium Cell Making 

Wmnv ii lute is-rlisl almost nil w'leiiliini cell* lire 
uinile by using n fiat slab of liiMuInllng iiiaterlid with 
n double winding iff nil her Itue platinum wire, upon 
which the selenium I* spread. While many commercial 
icIIh use Htenllle im a laisi'. aiiintiMir* will find this uiatm 
rial lirg only hard to obtain, hut very illlllcull to work, 
owing In the great hnnlnes* of Hlentlte. A good Hiilt- 
stllule Is slate, In tlio onllnar) I bin slalis, whleli ran 
lie enally rawed In sninll oblong plisra, nnd then Ibese 
are Hcraissl down with o knife no hn to give a somewhat 
elliptical Meet Ion In order to hove tie- wire lie on well, 
the edge being rather line. Imt ma enough so to cause 
breaking. Great care should lie Inken to have a clejin 
fresh Hurfaixi and not to Impregnate the very porous 
slate with Impurities by handling with tlie Ungers, 
whleh would h]hiI 1 the Jnsulnllng priqierUe*. One of Lbe 
uinln things in u cell Is to have the wire miiUu-uiutlenlly 
spaced. Grooves are cut along lu the edge* only (not 
on tlie surfarc), hut It Is our of tho question to make 
measured mark* by the eye. or lo cut such grooves other 
than by machine Of course n skilled iierson could 
easily design a cutter wheel miieliliie for such puriaise, 
hut nuy amateur inn umke a sufficient cutter hy mounl- 
lng a flat wonl block or cell-holder to travel along bc- 
Lwis'ii two guides (rulers). At one eDd of the mnbi 
laise Is fnsteni'il n miiibII block enrrylug an Inserted fixed 
lint tn whleh moves a piece iff threaded rial; nu lbe 
isiler rml of the nsl Is ii large wood disk, while Ihp 
Inner end |SJ*lie* tlie eurrlagr along U|um turning tbe 
screw. The cell Is clniu]>ed on the block carriage. Half 
n turn of tbe screw thns drives the carriage along any 
one millimeter each time. Tlie tslge of I lie cell projects 
over the enrriHge. Gutting cntilil lie done by n kidhU 
wlas'l at ins' side, but It Is sillllcleiit to mount n small 
fixed block very near the edge of tho slate and use It as 
a guide for a lint saw blade, hy whleh very nenimte 
cutting can be done. 
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Gyrostatic Action—II* 

As Applied to Torpedoes, Submarine Craft and Aeroplanes 
By Jas. G. Gray, D.Sc., F.R.S.E. 

Concluded from ScixitTinc Amibican Suppuduint No. 2045, Page 173, March 13, 1910 


Atknthm In how directed to Fig. T, which ibowa a 
uew form of atilt top. A gyrostat la pivoted within a 
structure teriulnatlug In two atlff leg*. When the feet 
of 1 lie tii|> are miiqwrted on h table, with tlie plane of 
I lie friinie vertical, the line of the pivuta which carry 
the gyros tut la sloped to the vorllinl, and with the direc¬ 
tion of alopc Indicated It will beaoen that when tlw piano 
of the fly-wbeel coincides with that of the frame, the 
weight W la constrained to move, relatively to /, III a 
circular path whose highest lulnt coincide* with tliat 
occupied by W In ttie figure, Thus in tlic ihmIUoii 



Fig. T.—Still-top. 


shown the gyruslnt. In cihuuiucih-c of I he pnwcuce or 
the weight, la tuialahly niounlcd on tin* frame. Further, 
the frame la unstuble about tlio line of contact of the 
feet with the table. Thus the gyrostat pose e ra e e two 
Instabilities without rutntloo of Its fly-wheel. If the 
wheel la rotated rapidly In either (llrta-llnn, and the 
lop placed on a tahle aa described, and left to Itaelf. 
It will balance on the tuble. It will bo readily scon, 
however, that the stability la not true stability; the 
balancing octlou la accompanied hy gyrostatic uecllla- 
lluus of Increasing amplitude. 

Now let the top be spun In the direction Indicated In 
the diagram, and set up In the fork and pedestal mount¬ 
ing (arter the manner of Fig. 2) with the frame and 
fly-wliecl In I lie aauio vertical plane. A* before, the 
exiwrUnenter oiwrates the fork. With the direction of 
spin Indicated, Ultlug of tin; frame to one side of the 
fork causes the weight tP to bo carried over to the 
other aide. Now, let a side weight W‘ he attached to 
the frame /. The gyrostat processes on the frame bear 
Inga, and W Is carried over to the aldo of the frame 
reuKito from the attached weight W\ Let the fork be 
turned by hand In the direction In which the gyrostat 
preeuwee, so that It follows up the latter. Providing 
that tlie turning uf tlie fork Is so regulated that the 
frame does not overshoot the gyrostat, tbo latter will 
continue to barn on Its hearings. It la to be observed 
that at any Inatant tlie acting tilling rnuple la the 
difference of the momenta ebout the fork nils of the 
aide weight IV 1 and IP respectively. Tim effect of turn- 
lug the fork Is to diminish the iiHinumt due to IP, ami 
Ihe processional motion la maintained. This nctlnn Ima 



Fig. 8.—Gyrastatlc motor-car with electro-mag- 
aetke steering device. 


been utilised by the author on bicycles and motor cars. 

Fig. 8 la a diagrammatic representation of a luge 
gyrostatic motor car constructed on the above prin¬ 
ciples. The car la entirely stable when moving In the 
forward direction. It will be aoeu that the gyroetat 
stabilises tlie Air, and at the mine time presides at the 
steering wheel. 

The fmiethin of the weight IP, Is to apply tlie neers- 
nary lining maples. IP, Is an arm which Is rotated 

• rn awe bn i> i or t b eTnrtitata of Ragtaesr* asd hblfMW- 
en of Scot had. 


about a vertical axis by means of a small geared elec¬ 
tric motor. This motor cm la capable of being operated 
by wireless transmission of electrical action. 

It should he noticed In the case of this motor car, aa 
well aa the one previously described, that the gyrostat 
cannot iwaitlvely lose control. The frame la continually 
following up the gyrostat, and bonce the displacement 
of the axis of the fly-wheel from the position in which 
It Ilea athwart the car never exceeds SO degrees. 

Fig. 9 shows diagrammatic-ally a gyrostatic device 
adapted for steering a body stable of Itself, such aa a 
tricycle, four-wbooled motor car, or torpedo. The gyro¬ 
stat la mounted on bearing! b, 6, carried hy a frame t\ 
it la made aalmuthnlly unstable by sloping the line of 
these bearings to the vertical and attaching a weight 
TP to the frame of the gyrostat. The frame b carried 
on horlaontal bearings 6, fc, arranged 011 pillars p, p, 
attached to the moving body. Tbe frame t la rendered 
laterally unstsldr cm these lattor bearings by attaching 
to It Hie weights IP IP aa shown. Tbe gyrostat clearly 
luMa-asvs fwo Instabilities without rotation of Its lly- 
wlwel. When tbe gyroetat la suitably connected up to 
tins steering mechanism these two Instabilities give rise 
to complete stability of tbe gyrostat when the body b 
In motion. Tbe frame f may conveniently carry appa¬ 
ratus for applying Ultlug couples to tbe gyrostat 

In tbe construction of wheeled vehicles It baa been 
found aufflclent to connect up the gyrostat directly to 
the steering wheel or wheels. In tlie ifese where a 
steering moehanlsm, such us a rudder or plane, has to 
be oiwrated forclhly It may lie advisable to multiply 
up tlie couple transmitted by tbe gyrostat. A method 
which has been found highly satisfactory la shown In 
Fig. 10. One end nr a cord Is nttaeliod lo n point on 
the frame of the gyrostat. Tbe cord Is then passed 
ouce or more times round a vertical drum or pulley d„ 
then round s drum ll carried by the rudder post, then 
ronnd n drum or pulley </* and Anally fastened to the 
gyroetat frame aa shown. Tlie two pulleys rf, d. which 
are of equal diameter, are geared up to a small electric 
motor; they revolve In opposite direct Iona with the same 
speed. If the gyrostat preceases one of the cords 
attached to It become* tant. A small stretching force 
In tlie rord on the gyrostat aide of if, gives rise to a 
large stretching force In the cord on tlst drum aide of 
d, If the stretching force on the gyrostat side of d, la 
aero, that on the dram side la also aero. It will thna 
be seen that n small couple applied by the gyrostat 
result* in tbe application of a very large couple to tbe 
drum, and hence to tbe rudder. 

The rodder la sliown connected np. so that when the 
gyrostat processes the body la stacrad np parallel to It 
—that la, so aa to maintain the ails of the fly-wheel 
trangverae to the body. A little consideration will show 
that a ship or torpedo steered by thia mechanism will 
pursue a perfectly straight path. 

In the form of torpedo at present hi nae the gyrortat 
Is freely mounted on glmbel rings. la the absence of a 
dlsturblu* couple the axla of the gyrostat will ratatn 
ll« direction tn apace unaltered. Hence when the tor- 
I—lo ilevlates In Its path a shift occurs between the 
direction of the axla of the gyroetat and that of the 
projectile, The apparatus (aa wed at present) moat 
lie made with great precision: notably the center of 
gravity of the gyroetat muat coincide exactly with the 
point of Intersection of tbe ilmbal axes. If this con¬ 
dition Is not fulfilled the torpedo travels a carved path. 

The existing type gives very good results over Abort 
distances; but a gyrostat freely mounted would be 
useless In a long-distance projectile, eras if a motor 
n-roatat were substituted for the one now employed 
This point la not aa a rule, understood. In ■ dlrlgiMa 
torpedo, properly ao called, the gyrostatic mechanism 
should be such that tbe gyrostat la endowed with 
complete stability TMa rend moo toMlied, the gynutat 
can be canard to bring about turn tug movameuti of the 
torpedo by tbe appllcatloii to It of tDttag couplet. 

The construction of a very h ig h speed, Vasg-dtstane* 
torpedo, to run cump la talr submerged, prope l led by 
power stored within the projeetfle. It OSOatt If net 
Impoitlbte at tbe pi easnt time. But a loeg-dMaaca 
torpedo, driven by electric power derived tram teou- 
mo la tors, and having speed or from Iff to *V kaeta, 
could certainly he evolved. Such e weapon, with ■ 
range of action ofi tty, 100 aOm, end poataaatag flit 
property that H oonM he tit to travel an t ptiimigil 


path, would be a valuable addition to Brltlrii naval 
appliances. The torpedo, for example, oouM be arrangad 
to proceed In a straight path from one position A to 
the neighborhood of a second position B, and Uft cruis¬ 
ing In that neighborhood. 

Tbe progress which boa been made In the devriopnmat 
of tbe Intemal-comboatton engine renders possible the 
construction or a torpedo capable of running at high 
speeds for very leaftbooed periods without attentloo 
or renews I of fuel. Bach a torpedo would, bo waver, 
not be eutlrely submerged, buarauefa aa an air Inlet and 
an outlet for tbe products of combustion must ha pro¬ 
vided. To steer such a torpedo from a fixed or moving 
station. It would bo necessary to connect the torpedo to 



tbo station by means of a pair of One wires, which 
could bn paid In or out aa desired. This torpedo, brought 
to perfection, would be a formidable weapon with which 
to fight submarines. Tbo directing of torpadoes by tbo 
wireless transmission of doctrlcal action is not practical 
at the preaont time. To be effective tbe sending appa¬ 
ratus at the receiving its Hon would require to be 
tuned to tbe receiving apparatus on tbe torpedo beyond 
tbo poeslblllty of Interference from without 

Tbe principles which have been explained seem par 
llcuUrly well adapted to give results when applied to 
problems of aviation. It will he aeon that a gyrostat 
mounted on an aeroplane so as to hare two loatablUHee 
without rotation of Its fly-wheel, and with Its axis 
acme* the aeroplane, can be endowed with complete 
stability by causing It to steer the aeroplane. A gyro¬ 
stat ao mounted Is available for operating tbe balancing 
Plant* (the plnncs which control lateral stability) of 
the aeroplane. Again, the axle of the gyroetat can be 
placed fore end aft, and the gyrostat la tbwi available 
to operate the tilting planes (the planes which control 
longitudinal stability) of tbe aeroplanes. In order that 
a gyrostat may be need to operate both the tilting and 
balancing planes of an aeroplane, It most be mounted 
on tbe aeroplane with Its axis vertical. To obtain 
stability of tbs gyroetat It should bo provided with two 
stabilities with rotation of Its fly-wheel, end reused to 
operate the tilting plane of the aeroplane. It amid 
thus to completely stabilised, and would then be avail¬ 
able for operating both seta of pIhimm. 

Object loo* have been taken to the nan of gyrostats on 
ueropliiiw, and it I* certainly true that there la no 
point in utilising gyrostatic action In cases wbm* the 
desired results can be obtained equally wall without the 
application of such nctioo. But the author Is amvtnoad 
that It la possible to. contrive gyrostatic controls for 
aeroplanes which would be perfect In action, and the 
utility of ehch aeroplanes is renfllly Been at the present 
time. Aeroplanes and airship*, capable of being abend 










Merab so, i*ia 
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111 a MO Mttil iwo*. lofted ord*(naad, by of went of tbe subject A dtatliigutolicd gyrontellc In- cliarge a torpedo It ban to Ret fairly daw. and In doing 

electrical action truamnltted trow a fixed or moving ventor from abroad recently Informed tlie author that so It might be disabled by rud Are: but If the ranee of 

station would certainly be of value to this country at be regarded Ulaagow I'nlveralty as tlic home of the tlie toriwlo mold be Ri-eatly In"-—«d the attacking 

ti* Prta® 1 time. Bncb eentrlvancee provide a method gyrostat It Is to lie hoped that Glasgow University parly would he at a groat advantage. It was difficult 

of Itbttny Ceppellns and of bombarding an enemy's may be allowed to take part In future development*. to interest official people In new Inventions, and perhaps 

ilnae and tortiflcatloca. D locum In* this paper, Tnif, Andrew drey, LL.D., iiiiiablerlng the eunrmous number of fantastic Ideas 

In oondnaMb It might be pointed out that the ship, F.B.S., said be suppoeed he was lo some extent respon- published, sod even patented, that la not to be woo- 

torpsdo, aeroplane, and airship controls which have been slble for the apparatus and experiments which had been derod at An official was continually guarding his chief 

deotflbed could only be bro ught to perfection an a Urge shown. Bach of tbe Items which they bad eoen might from the attacks of people outside-acting. In fact, as s 

eonlo as e result of experiment and trial, Buch expert- form the eubject of a separate lecture. It was very kind of tnrpolo net for him. In tbe oonraa of the 

manta are not possible to a private Individual. Tbe difficult to give a full account of so many things, lecture they had been told more than once that those 

Principles to be employed bare been evolved as tbe There were s few points about which he might perhape gyroscope* had two Instabilities without rotation. These 

mult of much research work. It has bom said that say a word or two. One waa tbe steering of airship., two Instabilities were converted Into two stabilities by 

the motor-gyrostats required would be difficult to pro- aeroplanes, and so on. He was not sure that It was rotation. Rut It was not pomlble to stabilise an odd 

dues. This to not the aaae. Careful calculations have made perfectly clear that these could be steered without number of Instabilities. For Instance. If there were 

been made relating to tlie stoe and power of tbe motors, an aviator or steersman on the machine. Tliev could three freedoms (bey could not stabilise all three; they 

end these would certainly he forthcoming. be steered from any place of observation, ami without might atalilllxc two of them. This was a rather Import- 

There can be no doubt that the present-day applies- any trailing wires at all, mi that it was possible to Bend ant mathematical theorem. There waa still a great deal 

tkma of gyraetatkw to warfare ora mere shadows of a torpedo to Its destination by any drelred path, how- to he done from tlie theoretical point of view; but by 

what la to come In the near future, and this being the ever circuitous, without any risk of lose of life hi llic Dr. Gray's apimniiua one did obtain anmc verification 

case, It to a matter of supreme Importance that Great attacking party. Also, tbe range of torpedoes could lie by experiment of the truth* of tlie dynamical rwnlta 

Britain should lead the way In the scientific advance- Immensely lncrea*ed. At present, If a ship hue to dl*- which luul been worked out. 


Gasoline from “Synthetic” Crude Oil* 


Some Remarkable Experiments 


Is the coarse of some experiments more thou five 
years ago, made for a totally different purpose than 
tbe Investigation of the oil used, 1 placed a small quan¬ 
tity uf a trewqarent yellow lubricating oil In a bomb- 
like vesael awl boated It to a relatively high tempera¬ 
ture. At the end of tbe experiment I removed the oil 
from the vessel and was amaxed to find that Instead 
of bearing any resemblance to the oU which 1 put In, 
It now had tbe appearance of ordinary crude oil. The 
green color by reflected light and the rich red-brown 
by transmitted Ught were so unmistakable as to at ooce 
lead to further Investigation. I subjected the material 
to fractional dtotUlatioo, and tbe surprise which I ex¬ 
perienced at the mppearaun: of tbe oil, changed to 
amancment when I found tliat It yielded, on distilla¬ 
tion, in tier cent of gasoline and 30 per cent of burning 
ell, nihI that Its cuustltutlon resembled crude nil- quite 
us much ms <11(1 Its appearance. Furthermore, the gaso¬ 
line nml kerosene dlstlllatea which It yielded were of 
nf a clear wator-whlte color, entirely without treatment 
aith arid or alkali, and were entirely free from the 
odor familiar In “cracked" petroleum dlstlllatea. 

The result of this experiment was quite too remark¬ 
able to be credited without further confirmation, and 
I at once filled tbe veaeel with some of the same oil 
that I bad used before, and again heated to about the 
same temperature that I had previously used, and for 
tin* same period of time. Upon opening tbe vered and 
removing the contents I found, not the material re¬ 
sembling erode otl that I had obtained before, bat ap¬ 
parently only the same oil that I had put In. somewhat 
darken ted In color, hut nevertheless far different In 
■tqnnranee from tbe material obtained In the previous 
experiment 

Evidently some condition existed In the lint experi¬ 
ment that had net existed In the second teat and here 
began a aeries of tests In which I sought by the change 
of one variable after soother to arrive at the Identical 
condition* which must have existed In the first experi¬ 
ment Only the fact that the bottle of heavy oil used 
la the find; tret was srtll In Its place, and the further 
fact that I bad no crude oil among the material* at 
hand when I began tbe axperimeat—only there facts 
kept me from believing that I had Indeed made sene 
mistake, and that crude ell had In seme mfenner found 
aoeare to my apparatus. 

After many frames* experiment. 1 leaned a fact 
which should have been obvious to me from the Diet, 
but which in the surprise due to the unlooked-for re¬ 
sult obtained, had quite paired out of my mind. In 
my Ant teat, the vessel which I used bed contained but 
a little ell (about one fourth of tbe volume of tbe ves¬ 
sel only), and In all of the other experiments I had 
filled tbe v e s s el three fourths full o* mere In tbe effort 
to obtain as orach of a ytaM aa pcreSbto. 

I repeated the Ant exp eri me nt , utiag the vessel but 
one fourth foil, and heating to about the same tempera¬ 
ture, and tor the eaten time as I had done Is the other 
e xp e rt un to. The re su lt eras tmoe more the greenish 
IhpAA re familiar to anyone who has lived In the oU 
fields, and tie two t ten aBon again gave IB per eent of 
gasoline, 80 par esnt of the burning ofi, etc. 


Agmsgtiy rams re nte rke k l s timfi g e rot oome about 



With Oils and Method of Obtaining 

By Walter O. Snelling 

In llic hydrocarbon molecule*, when a hydrocarbon IhnI.v 
In limited In a still only approximately isle fourth full 
of oil, that docs not occur when the same hydrocarbon 
to heated under similar condition*, except that a greater 
proportion of the volume of the still or retort Is tilled 
with oil. With grave doubts and foam, 1 placed In 
my retort some kerosene. If this water-white material, 
after treatment, should come out green In color by 
reflected light, and red by transmitted light, then Indeed 
I would be convinced that I was dealing with a true 
transformation Into crude oil. The experiment ended, 

I poured out from the vessel a liquid which resembled 
Pennsylvania crude oil so perfectly that when I plai'Od 
a Ixittle of the new product by the side of a bottle of 
tlie real crude, It was hardly possible to *oy which 
was which, by siipearancc alone. 1 next melted some 
paraffin and placed It In tlie vessel, and after hinting 
under the prescribed conditions, I poured out n tlilu 
fluid, suggesting crude nil In every way, and which on 
distillation gave somewhat over IS per eent of a w*ter- 
whlte gasoline, free from “cracked" odor, and other 
dlstlllatea In about the same relationship as In ordinary 
crude olL 

One after another I tried putting all natural hydro¬ 
carbon* available to me through this process. Vaseline, 
nsl wax, gas oil, fuel oil, and U. 8., all those went Into 
my I resting vessel, one after tbe other. They all yielded 
mstortalH similar In appearance, ndor, and compoalllon. 
From any of these materials 1 obtained n synthetic 
erode oil containing around IQ per cent nf gasoline, and 
other distillates In about the same order a* are found 
In typical crude oils. 

After many experiments had shown me the exact con¬ 
dition* of temperature, pressure and filling volume of 
my treating vessel which were necessary to success, I 
fondly Imagined that my troubles were over. I did 
uot for a moment think that human nature would in¬ 
volve greater difficulties than had even the control of 
natural conditions. Full of enthusiasm, 1 described the 
remit* nf my experiments to an oil man, without of 
course describing the exact process on which I bud 
not yet applied for patent He listened to me carefully 
and kindly, but his look of utter unbelief and Incredul¬ 
ity was a trifle galling, to one whose life work luul 
been devoted to aclenUOc Investigations. Had I I torn a 
promoter, eelllng stock In a gold mine located at Hnek- 
anaack, or In a diamond mine on the outskirts of Brook¬ 
lyn, I could hardly have met with less encouragement, 
or more entire disbelief. 

To-day. when pro ceases for Increasing the yield of 
Caroline are being worked on by many InvestIgatore 
and when such Unas of work are being encouraged and 
lavishly supported by s number of oil companies, and 
•re being paid tar In many cases with num« far greater 
than any probable returns, It may be hard for you to 
realise that only live years ago the stwrtwt cut to sus¬ 
picion sod doubt, from your friends in the oil business, 
wa* even to suggest gently In ordinary conversation 
that perhaps by some method It might ho possible to 
materially increase tbe ordinary yield of high grade 
gasoline from crude oil. I tried It a few times, picking 
out tbe moat kindly and genial of my friends In tbe 
oil retain* line. They would look, Drat pityingly, and 
than aaapieioaaly. and would say "but after you have 
fottee oat tt» ftaoNm that 1* preamt la crude oU, 


an Additional Yield of Gasoline 


how do >oii llilnk that you are going to get any morel 
IHiii’I you understand Unit when you have gotten It 
«// out «li) you have gotten It ail? What Is left then 
Is kerosene, gns oil, or what not But It to not gasoline.” 

Only once did I venture mildly to protest. I suggested 
that possibly, since hydrocarbons were all compounds 
of hydrogen and carbon, It might 1st possible to rear¬ 
range the atom* In the molecule so as to obtain more 
KHsolliip. This view met with some recognition, and I 
was told that what I was talking alssit was called 
“cracking," and that It waa thoroughly understood by 
oil men, and that furthermore, “there was nothing 
III It” as fur as making anything salable as giumllnti, 
hn the product would Invariably bo of luul colm-, and 
of an extremely offensive odor. 

Slowly 1 came to realise that tbe oil indnstr*. was 
mg yet ready fur say new views ns wholly different 
from their preconceived Ideas as these experi¬ 
ments made necessary. So 1 would go buck, for com¬ 
fort, lo the wuter-whlte gasoline of 70 dog. II., which 
I had made from paraffin und from kerosene, from gas 
oil and from B. 8, from fnel oil and from rod wax, 
sod patiently wait for the day when iny friends In 
tlie oil business would realise that there wore a few In- 
slgnlfieent things aboul oil whli-b they did not yet 
know. For their attitude I could banlly blame them, 
after all, when I remembered my own doubt when I 
lied seen the results of my first experiments. They had 
not seen them, and therefore If they doubted, I could 
111 least understand their position, Slid I am hardly 
prepared to say that I should bare lieen less doubting 
than they were, bad the position been reversed. 

Till* paper makes public for Ilia first time the re¬ 
sult* of my experiments, and In presenting It ( wish 
to cxpresK my Indebtednc** to Hr. John T. Mllllken 
or 81. Uouls, Mo., president of tbe Mllllken Refining 
Company. lie whs the first oil man whom I met, who 
whh willing to believe that research could really add 
materially to the oil man’s knowledge, no ha* gen¬ 
erously supported the experiments which I am now 
reporting, and has supplied the financial help which 
iiIihic ha* made this paper possible to-dny. 

1L lias long been known that under tlie Influence of 
high tisuiHTHture hydrocarbon bodies could Is- thernio- 
llxcd or “cracked," and tli*t by this method low boiling 
bodies could be produced from hydroi-arimii* of lilglier 
gravity. Indeed, tbe commercial use of cracking din! Il¬ 
lation In petroleum refining goes back from more than 
half a century, the Drat observation of such cracking 
distillation being said to have lieen niRile accidentally. 
In a refinery at Newark, N. J., during tlie winter of 
1NBI-2. 

For thirty years after tlie discovery of method* Hull- 
able to emeklng distillation, this method was In com¬ 
mon use In many of tbe principal oil refineries of the 
world. It was found that by running the stills at a 
high temperature very considerably Increased yields of 
kerosene could lie obtained, and tlie method was found 
to lie a profitable one from the start, particularly since 
Iii the early days of tbe oil refining Industry, burning 
oil or kerosene was the principal product sought for. 
Tbe process wa* also Investigated by many able men. 
and tbe condition under which long paraffin chains be¬ 
came broken Into two or more shorter chains, under 
tba influence at high temperature* were very carefully 
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inlliigly It was duly natural that, with the niuic- 
liicnuiHn hi demand fur gasoline during the past 
fifteen yearn, many Investigator* should attempt 
illnr cracking methoda to obtain lncrt-awd yields 


uiuny other similar ways 
a on n laboratory scale. 
Installations, to prepare 
nisnline. Of tlic doaeua, 


When the limitations of simple (-racking of hydro- 
r-iirlHin oils nt ordinary pressures were llrst understood, 
elTorts were made to bring alsnit destructive distilla¬ 
tion under Inerensisl (iresaure. Ilcsults showing great 
Improvement over those obtained hy the simple erneklug 
methinls were given hy these processes, which seem 
to have lieeu llrsl made use of hy J. Young, and lator 
devchqa-d hy llewur and Itcdwond, and others. Quite 
recently Improved processes of cracking distillation un¬ 
der hierensed pressures bate ls>en used commercially 
hy llurUiu, uml are said to huve been so developed as 
to yield pnalucts readily salable as substitutes tor gaso¬ 
line. 

KfTorts have not been wanting to Improve the color 
of and odor of the light cracked distillates produced by 
ordinary cracking distillation. Treatment with aul- 
phurle add and alkull, In tlie manner commonly used 
In the refining of kerosene, have the effect of Improving 
both color anil islor to a remarknhlc extent, and hy the 
use of Hultlclcnl uelil colorless products without bad 
odor eau U> obtained, but only hy the use of such iHrge 
amounts of add as to make the proeesa commercially 
prohibitive, unless gasoline Is selling nt quite a high 
figure, lly cracking under Increased pressure tlic 
amount of add required for this piirtllcatlou la very 
greatly reduced, and It I* prdmbly due to this fact 
tluit the motor gnwilluc umv I whig so extensively 
deldofasl hy lliirlim owes Its greatest cominerctal poa- 
slhllltles. 

It will thus be seen that I cannot claim to he In any 
way II pluiH'cr 111 the production of lighter hydro- 
enrlNiUH from materials of heavier gravity. Ilydrocar- 
Isiiih have Issni erackisl anil broken iqi Into lighter 
hyilnsurlsHiH of lower boiling point. IsilU experiment- 
nlly ami i-oniuieninlly for o period of over fifty yean, 
anil such rmrklng experiments have liecu conducted 
Is>lh at normal pressures, and under Increased pres¬ 
sures. 

Other Investigators hsve also placed hydroenrlmn oils 
within dosnl vesael* and have heated these olla under 
Hill'll <•01111100118 to olovated temperatures. In such work 
Kngler, In particular, has made notable eiailrlbutlons 
to our kuowleilge of the Isdiarlur of liydrocartsms un¬ 
der high temperature and presauru. In these experi¬ 
ments It lias lieeu nntod that the hydrocarbons have 
las-ii broken down to lighter liyilrocarlsms, end that 
In this way low-lmlllng oils ismlil Is; made from hydro- 
nirlHiiis of high boiling point Apparently, however, 
the remnrkahle Influence which Is plu.ved by the ratio 
of the liquid contents of the vessel to the total volume 
of the vessel, has lieeu ellher wholly nverlisiked. or at 
listst not properly appreciated. It lias twen wholly 
through the Investigation of the effects of the ratio of 
tlic volume of oil, lo the total volume of the veasel, that 
I Imvo develoiied the pnsssts which I am here deecrlh- 
Ing. ami which has given the remarkable and unexpected 
results already iiifiitloutsl. I believe It Is indy when 
I Ihw suitable volume relationships are observed, that 
we cun get these results within a range of temperature 
ami pressure adapted to cianmerelat development 

Very careful studies mnde In my laboratory hare now 
proven Ihal. when a hydrocnrlion Issty. smh ns gas oil 
for cxaiuplp. Is heated In a veasel which Is filled to 
more than one tenth of Ua volume with such oil, but 
such tilling Is haw than one half of the total volume of 
sneh vessel, and If then the vesael Is so heated that a 
pressure of aay 800 pounds per square Inch exists with¬ 
in the venal, a vary remarkable and fundamental 
ehuf* ocean Is tba hydrocarbon flfflnf sock rerest 


It Is as though Um carbon nod hydrogen a to na war* 
free to rearrange tbeniseivas, and that rach reOrrange- 
meut goes on until a more or lea* definite mixture of 
hydrocarbons remains tu the veaaet, Where the venal 
Is I rax than one tenth filled with oil, cotudderable 
“cracking" seems to take place and the product la quite 
Inferior. Where tho vessel la much more than one half 
mini with oil. tin* reaction seems tu fall almost wholly, 
the amount of light products produced being very imalL 
lint when the csaidltlona within the vessel, as to amount 
of filling, and temperature ajipiled, are aa Indicated 
above, the carbon and hydrogen atoms of the hydro- 
cariHjn seem to rearrange themselves to form crude oli 
and natural gas. 

In this rearrangement, not only arc low boiling com¬ 
pounds produced from those of higher boiling point, 
hut even the reverse oetlou takes place. In several 
tests I have obtained from petroleum products of me¬ 
dium boiling point synthetic crude oils which contained 
high-boiling ends, whose ladling isrtnt wa# conalderahly 
higher than any of tbo constituents present In the orig¬ 
inal oil used. Apparently the entire process depends 
■qaiii certain equilibrium reactions, In which coontitu- 
enta of different Isdllng isilnt lead to be present in a 
certain very definite ratio, provided the space relation¬ 
ship within the treating vesael Is of the proper order. 
Mol Id puralHu of course contains no constituents that 
are liquid or gaseous nt ordinary temperatures, but 
upon treatment hy thta process even this solid paraffin 
Is resolvisl Into synthotlc crude oil and natural gas, and 
the percentage of product* of each definite boiling point 
Iipiauirs to he In a definite condition of equilibrium. If 
Instead of atartlng with paraffin, we go to tlse other 
extreme, and start with kenwene, which Is entirely free 
from heavy omla, we will obtain a synthetic crude oil 
which Is much lighter In gravity than that produced 
from paraffin, but which uevertheleea contains high 
boiling constituents whose boiling point exceeds by 
many degrees the bolllug point of the heaviest product 
present tu the untreated kerosene. Thus, It will be 
seen that while this process Is primarily one in which 
heavy hydrocarbons give cnido oils containing light dts- 
11 Hates (this being the main trend of the reaction), 
yet tlic proeesa is so essentially one dependent upon 
equilibrium, that if high boiling constituent* are absent, 
or present In very smnll amount, the equilibrium will 
not Is- satisfied until additional amounts of those high 
boiling constituents hsve been produced as the result 
of the reunion which Is going on. 

A residual pressure, sfter cooling, always exist* due 
to tin* natural gas formed In the process, and the 
amount of gasoline In the synthetic crude oil, seems to 
lie very constant no matter what hydrocarbon Is taken. 
It Is of eonrse evident to the chemist that natural gaa 
anil gasoline contain a greater percentage of hydrogen 
limn do heavier oils, slid It la very Interesting to note 
Hint when the charge which la placed within my treat¬ 
ing vessel eontnlna a hydrocarbon deficient In hydro¬ 
gen. the formation of saturated gasoline goes on Just 
I hr same, and the synthetic crude oil produced carries 
a “mud" consisting of the carbon which In the rear¬ 
rangement hH* failed to find hydrogen. The gasoline 
pnslunsl fnsn materials even highly deficient In hydro¬ 
gen Is quite normal In Color, and does nut uiipear to be 
In liny way like the "cracked'’ product* which are pro¬ 
duced hy the Ihermolysla of oil vapors, etc. 

The following result* of runs made by this proeesa, 
In one ense starting with solid paraffin wax, and In the 
other ense with Okluhnma gas oil, will clearly 111 nitrate 
nil die liMiuileal features of tba method. 

Tut I. 

Material used, solid white paraffin. Melting point 
approximately 120 deg. Fnhr. (fiO dr*. Gent). Bpedflc 
gravity 0.020 (21,0 Be.), 300 cable centtaetern taken. 
Capacity of treating vessel used, 1,100 cubic centimeters. 
Heated until pressure of 800 pounds was Indies tad, then 
cooled. Pressure of residual natural gw, 130 pounds. 
Product after treatment a heavy liquid, resembling 
“Franklin heavy” Pennsylvania crude oil. Odor, dart 
green hy reflected light, deep red-brown by transmitted 
tight Volume of synthetic crude oil obtained as result 
of run, 300 cubic centimeters (0 cubic centimeters In¬ 
crease In volume, over the amount of liquid paraffin 
started with). Specific gravity of this synthetic crude 
oil. 0,770 <ani.fi Be.). Gasoline yield, on distilling thin 
synthetic crude oil to 1» deg. Cent, 48 cubic centi¬ 
meters, Gasoline In synthetic crude oil, Id per cent 
Specific gravity of this gasoline, 0.70 (70 Be.). CWor, 
water-white. 

Terr 2. 

Material used, Oklahoma gaa oil. Specific gravity, 
0.8BO CU.fi He.). 900 cubic centimeters taken. Capac¬ 
ity of treating veseel used, 1,100 coble centimeters. 
Heated until pressure of 800 pounds was lndpwitwt, thso 
cooled. Pressure of residual natural gw ISO pounds. 
Product after treatment, a liquid rmantiHt* Paansyt- 
vanla mixed plps-Une crude. Color, dork grew hr 
rsfiaotsd light, ;reg> rat-tom hy twwtttto 1*1 


Volume of ayntostie erode (ATobtained aa neats tom 
288 cubic centiaMten. Spretflc gravity «f tots aystMtie 
crude oU, 0-881 (WjB Be.). Oaeoitne yieldoh dto 
ttlUag this synthetic end* oU to U0 de*. Oeat, 408 
cubic ueottaMtera. Bpodflc gravity of this gaeotton 
0.70B aas Be.). Gasoline in the synthsdc orodaOU, 
13.0 per cent dolor, water-white. 

It ie of course evident that tt petting aay hydrocarbon 
through the proeem deacrlbed makae It Into a erode 
uU, It ought to be poeslble to taka any hydrocarbon, 
and first convert It into crude oil by the prooees de¬ 
scribed, then remove the gaeoUns, for example, or any 
other oooKtttoent, from thta crude oU hy dle i ll l a tt oa, 
and thro to subject the residue to a repe titi on of the 
prooees. I hare done this many timet, and have con- 
verted paraffin and other petroleum products almost 
wholly Into gasoline sad natural gw 1 have obtained 
from paraffin about TO per cent of water-white ffiuo- 
llne, the remaining 30 per cent representing the natural 
gaa formed by the repeated action of the proeem, and 
Nome free carbon. From fuel oil, wa oil, vaseline, and 
atm liar materials, I have obtained from SO per cent 
to 70 per cent of water-white gasoline, and samples of 
thla gasoline, even after standing for a year or two, 
do not discolor, nor acquire an offensive or “cracked” 
odor. I wish to particularly note that thic gasoline, 
even when produced, was not treated In any way, and 
ban never come In contact with either add, alkali. Ful¬ 
ler's earth, booe black, or other related materials. In 
brief, the pi-ncom which I have diwcribed produced 
from practically any hydrocarbon, a material which 
nuemlib* natural crude oil, and which gives a gasoline 
which appear* equal In quality and appearance to gaso¬ 
line from natural crude Both the Crude oil produced 
hy my process, and the gasoline produced from It* dis¬ 
tillation. posecM an odor which Is somewhat different 
from the odor of natural crude oil and ordinary gaso¬ 
line. This odor, while peculiar and distinctive, Is not 
In the Hltghtest like the odor of “cracked" product!, and 
It la In fact a slightly milder and sweater odoe than 
that of ordinary oil products. Upon mixing my syn¬ 
thetic crude oil, or the gasoline produced from It, with 
certain muds and days. It seems to be altered, and the 
odor changes and becomes much more like that due to 
ordinary crude oil. Personally I am of the belief that 
crude oil In nature has In some cases been produced by 
some process related to that which 1 have here de- 
itrrllied, the effect of the high temperature which I use 
for a short time having In earth history been produced 
hy very much lower temperatures acting through geo¬ 
logical ages. I believe the condition which in my 
report 1* represented by about three fourths open apace, 

In nature has had Its equivalent In the open spare in 
the sand or other porous rock which has been the re¬ 
pository of the ol). and 1 believe that natural gaa which 
Ih n> commonly anxxinteri with petroleum deposits 
had a related origin In nature to that which It has 
In the process worked nut In ray laboratory experiments. 

Tlie study of the genesis of petroleum Is so Involved 
tliat 1 do nut wish these suggestions to be token In any 
tvuy aa other than ideas which have forced themselves 
on my mind after noting the very considerable simi¬ 
larity Id appearance and constituent* which exist* In 
must of the petroleums of the world (except when a 
imrouM cover, or other well recognised conditions hare 
allowed tbe more volatile materials to vaporise, or 
other well-known oxidation or other phenomenon to 
take place), and it* seems more than likely to me that 
any process which.In the laboratory will produce mate¬ 
rials of such similar appearance and com position from 
raw product* of tbe most diverse nature, must sorely 
have some connection with tbe coodltloos which to 
(foologles! time bare similarly produced from storting 
out prodocti of many different kind*, a material poo- 
aeeslng such well-marked and easily recognised char¬ 
acteristics as petroleum. 

One very interesting development In oonasettca with 
this work has hero tbe effect of small amounts of cer¬ 
tain catalytic materials, In facilitating the transforma¬ 
tion Into synthetic crude oU. The addition, to the oil 
to be treated, of even a very mlnote amount of celMdai 
graphite reduces materially tbe temperature and pres¬ 
sure «t which the process 1g operative In'one set at 
experiments, to width a given treating vessel gave 
synthetic erode oil at aa average treating' 'pressure at 
800 pounds, It was found tost tos addition of a small 
amount of flnriy divided graphite would lower the 
necessary treatiag pnreore to 7» poands, or srsa to 
TOO pounds, on somewhat kmgar tl sal meal msssasm 
to offer confirmation of toe theory wMto I hare ad- 1 
vanned, that tba entire proe m s Is Ungliaidinl on cittato' 
reveraibU reactions which cadre toe dasc rit sd ototf- . 
Hons reach an sqtriUtxtam whan sofflefcnt ttma to tfreh. 
Tba sett - of finely divided estaiytiemctel'fc ft to* 
creasi ng toe speed of rs aettens M vgfttptfH. aa« to. 
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mt/tflMmi* tbe v**jr bt1< ttaa.ot toe teat. Xu my 
•xparimeiits onr cmmMI prooata# tu bwo to bMt the 
tfeattef vattri vam tb* dwtred pnMtt is indicated, 
wIMb to* beating la at wo* stopped, and to* treating 
r#wei twoiod sad onpUed. We base found that when. 
Instead of raising tb* pre s to re to tb* desired treetlus 
maxtaufx, and Instantlr coding tbe vessel, we raise 
to a s—swbat lower tamper*ture, and maintain this 
tampemf r» for five or tan mlnotsa, wo set practically 
an sqatvalont result. What* a catalyst la need, as de¬ 
scribed. It is possible tons* much longer pretwure, 
and still obtain a normal synthetic erode oil. 

Tbess experiments which 1 have described have been 
wboUy of t laboratory nature, and much work remains 
to b* don* in tb* application of tbe principles which 
bat* been discovered to commercial work on a large 
■eale. While It may mm to many that tbe pressures 
and temperature* employed are eo bigb as to preclude 
tbe pcaalbUltlaa of commercial work, yet 1 do not think 
this 1* the case. Processes have been developed abroad, 
during tbe pest few yean, in which ammonia la made 
synthetically by reactions requiring both higher pres¬ 
sures and higher temperatures than those which are 
mad* uaa of In my present work. As these ammonia 
researches have gone on, from their laboratory Incep¬ 
tion to their commercial development upon a very ex¬ 
tensive and soocemfnl scale, I believe the present proe¬ 
ms will And similar development comparatively easy. 
The coodltioa* necessary for ancceaafol commercial 
work are already will known, and involve no engineer¬ 
ing feature* which American ingenuity cannot easily 
provide, and it la my hope that this process will lie saw 
developed to the point where It will fulfill commercially 
the remarkable premise tbat It now seems to offer. 

Hydrogen and the Rare Gases* 

Tbi series of Friday evening discourses at the Royal 
Institution was once more opened this year, on January 
land, by 8lr James Dewar, F.R.8., by a lecture on 
"Problem* of Hydrogen and the Rare Oases." Last 
year Pint Dewar, discoursing ou “'Hie Coming of Age 
of the Vacuum Flask,” and on researches which the use 
of his vacuum veme b , of charcoal, and other modern 
expedients had rendered possible, had dwelt on the dif¬ 
ficulties of separating and eliminating the rare gsaes 
and upon tbe apparent ubiquity of the lightest of all 
Cases hydrogen. In the lecture of Jan nary SSud'he 
gar* a brief, maentlally experimental, rdssmd of fur¬ 
ther researches, by himself sod others. In this Held. At 
HO deg. Cent absolute, he pointed out, nitrogen and 
oxygen were frosen hard, and their vapor tension was 
so low tbat they disappeared from the air, leaving only 
the uncondanmble case*, representing about 1/no,OOOth 
of tbe volume of the air, corresponding to a barometric 
pressure of % millimeter. When air was deprived of 
Us oxygen by chemical means, and the remaining gases 
were condensed at 20 dog. Gent absolute, there should 
be 20.7 parts per million of nucoodenmbls rare cases 
left. But much larger amounts were often found; It 
depended upon the chemical used fur absorbing the 
oxygen. Of these reagents sodium hyposulphate an¬ 
swered bast, aa It gave 20.7 parts of residual gas Cop¬ 
per also answered well, yellow and red phosphorous less 
well; in tbe latter case the gaa. after tbe removal of 
the hydrogen In It, amounted to 28.7 part* Chromou* 
chloride waa one of tbe moat striking case*; from 08 to 
20300 parte of gaa were found in different experiments, 
and after removal of the hydrogen, 81 parts remained. 
The exceaa of gas wan, as already Indicated, hydrogen, 
which found Its way Into the apparatus with th* 
reagents or by other means. 

In order to Investigate these problem* it wac no good 
to start with large volumes of gases. tUr Jamee exem¬ 
plified this by showing a skeleton cubic meter with a 
cubic centimeter inside, ftpedal means had to be de- 
riaad to experiment with small quanUttee it the time, 
tp accomnUta the effect*. The gaa Absorption by cooled 
channel was very serviceable. Sir James showed, with 
the help of two Karomatrle tubos,' how much more 
quickly the SbaorpUon prooteded when liquid hydrogen 
was aaad than when liquid hlr was used, studying th* 

working again at 90 dag. Cant absolute, ha found from 
9^ to 09 parts per million of unoowdaaseble gas in the 
respired air, of which a o maO m aa only two parts, some- 
t&m more the* 90 and 90 parts, war*, hydrogen; th# 
•toute varied with to* Urn* of the day aad other eoo- 
dfUewL Animals also produced hydrogeo la similar 
qanatkhw, and ordinary air contained about 03 part of 
tydMffta pur mfflkm. T9*-Ugotlflogtlon of the cases 
ntMaffactad hr psariag tWaUctfle discharge through 
tfM and studytag tb* weak- la a scatty, naval *x- 
Pl ri agg Qt Mr J*mw p a s s e d th* dfcehargs through a 
t«fto r oantaM«»mtatai»af ggaaiy 9tat at too Ugh a 


ecu. So much gas was condensed Inside st that spot 
that th* discharge stria; of the gases at once began to 
appoar la (be other parts of the lube. 

Unfortunately, Prof. Dewar proceeded, charcoal ab¬ 
sorbed even tho rare gases to some degree, nml it had 
its peculiarities. Two tube* wore prevtded with char¬ 
coal bulbs, and cliargcd with air; Uie air lu the oue tube 
only had been dried by being passed through liquid air. 
When tbe bulbs were afLerwsrda healed (by being 
dlnmd lute warm water Instead of liquid hydrogen), the 
liberated gas In tbe one case was essentially oxygen, and 
lu tho other essentially nitrogen, the gas extinguishing 
a burning taper lu tbe Utter esse. Passing to the oc¬ 
currence of the rare gasea In air, water, thermal 
springs, sea-walor, etc. Sir James pointed to I he re- 
searches of Moureu sod Lepape, according lu whom tho 
ratios of krypton to argon, aud of xenon to argon, wen; 
llie same both In air and lu the French thermal springs, 
some of which are very rich In rare gases, while tin- 
ratio of helium to argon varied enormously; that might 
bn connected with a radioactive source of helium. As 
regards the proportions of these gases, city air con¬ 
tained 223 parts i>er mlllluu uf Ip-llum and neon nml 
2.0 of hydrogen, country air similarly 22.8 and UO 
parte respectively; the sir liberated from cluirctail nt 
S3 deg. Cent absolute contained 1.04 and 0.1 isirte, and 
air from a steel bottle (likewise liberated from char¬ 
coal at 86 deg. Cent absolute), 1.63 and 0.K peris. 
Oautter bad only found a trace of helium In seo-alr. 

The question arose In such determinations whether 
the frosen oxygen and nitrogen did not occlude any 
other gases. Under ordinary conditions, Sir Jtimes 
staled, they did not, apparently; but when certain mix¬ 
tures of gases were tested, an occlusion seemed to occur. 
Thus, all tbe nitrogen condensed at 20 deg. Cert, abso¬ 
lute nnder blgh exhaust could be regained at -f 16 deg. 
Cent; so could carbon dioxide; but In mixtures of 
nitrogen, nr of i-arbon dioxide with much hydrogen 
(20:80), there was some occlusion, though almost all 
the occluded gas was liberated again at + 16 deg. (hint. 
Hydrogen and carbon dioxide, therefore, became to¬ 
gether volatile whon they had formed a solid solution 
which was more volatile Ilian carbon dioxide, hot less 
volatile than hydrogen. The minimum gas pressure of 
chemical nitrogen seemed to be 0JB.10-* millimeter 
(the usual uult or pressure In Hlr Jumre'a experi¬ 
ments) ; lint with the aid of the molecular air-pump lof 
Daedal the prewuro could be reduced to 0.07. lit" mil¬ 
limeter. 

The next series uf exierlmonts of Trot Dewar con¬ 
cerned the permeability of metals (hot or cold), like 
platinum, palladium Iron, and also quarts, to gases. 
This prrmcabillly was ■ source of (rouble. The experi¬ 
ments were so conducted that a tube of platinum, e. g, 
rinsed nt olio end, was evacuated and Joined to a dis¬ 
charge tab*, which would not allow the discharge In 
inks as long aa the gaa pressure was loo low. All nil- 
pressure gage waa Joined to the apiairatus and (lie lime 
was measured, so that tbe rate of the rise of pressure 
could be watched. Wbeu the platinum was heated 111 a 
gas-burner, tbe discharge began to pasa. because the hot 
platinum was permeable to tho hydrogen In the gas- 
flame, so that hydrogen entered the plaltuum tula-. 
When a quarts tube waa pushed over the hot platinum 
tube, so as to form a Jacket round it, the manometer 
went back, because the quarts was uot. permeable to 
hydrogen. This waa still more striking when the quartx 
tube was drawn out so as to allow the Introduction of 
different gases Into the annular space. Tbe experi¬ 
ments proved that platinum, heated by a Mekpr burner, 
was moat permeable to some gas (ebb-dy hydrogen) 
when placed In tho lower port of the Uniuc, where 
hydrogen predominate*; the curves obtained when the 
lube was In the middle or In (lie top portion of the flume 
Indicated a smaller rise of pressure, and ■ leas abrupt 
frill of prwsmro spin when tbe flame was removed. An 
Iron tube proved pormcable to hydrogen, like plntlnum; 
In a palladium tube the rise of pressure was. under the 
same conditions, much more rapid. When carbon mon¬ 
oxide (suppHad strongly compressed) wnu burned In n 
Bunsen burner with a pale blue flame, no gas (neither 
tbe CO, nor tbe OO, produced by the burning uf the 
CO) penetrated through tbe hot pulladlnm. Bxperl- 
mcnti were then made witb helium; It was demon¬ 
strated that helium easily passed through hot quarts, 
while hydrogen would not diffuse through hot quarts, 
though It would readily paw through hot platinum. 

The permeability of skins or films of rubber 0.01 mil¬ 
limeter In thick new. stretched over a metallic frame, 
was also demonstrated, tod some surprising results 
were shown. Oxygen pawed more readily through a 
rubber skin than hydrogen and irgon more readily than 
nitrogen, so that robber would aiipesr to be more per¬ 
meable to gases of high atomic weight than to gases of 
low atomic weight. The wet film was much lew per- 
meabi*; and dry air (dried by being bubbled through 
flvM •») won quickly torn* th* dry film 

. the* k*wM aft (trow to* Mtsra-rocw). Wmm to® 


Him Itself lute liquid air would nuke It Impermeable; 
llie same lmiM-rmesblllty resulted when Ibe rubber was 
dlpiied Into gylcerin, which could only be done properly 
with a dr}' Him. Water vapor found Its way also 
III rough hot palladium aud platinum. There various 
fiatunw, Dm occlusion of gases, the uldqully of hydro¬ 
gen. tin* iiermoabllUy of metals ami rulvher, etc., render 
llie Investigation of I ho rare gases still more difficult 
than it Is otherwise. In hla researches on respired air 
Hlr Juuich makes his apt stratus entirely of glass and 
metal; rubber connect lops iin<l greased sln|wisks, which 
might give off gas, have to be avoided. 

Electrical Conductivity Imparted lo Liquid Air 
by Alpha Rays 

In a |«|K-r read before the llnyal Society of Canada 
un interesting series of ex[K-rliiii-iils conducted by Prof. 
J Mcbellan mid Mr. Huvltl A. Keys Is di-scrlls-tl. A 
brief summary of the results Is given Iii-n-wllh. 

Ill Ihe published account of their exiicrlraents ou tin- 
measurement of the dielectric roiislniite of different 
llquetled guses, a number of In vest Ign tore. Including 
Unit-,' Dewar and Fleming,■ and llaHell(Ihrl. , have 
drawn attention to the high Insulating qualities pos¬ 
sessed by such liquids, in particular Fleming and 
18-war have shown Unit a small euiiili-iuwr when Im¬ 
mersed In liquid air and charged with a Wlmahurst 
electrical initchliu- lu-lil Its charge |s-rfcctly for a period 
uf noun- minutes, guile reeenlly, ton, Fas-uian* In stuily- 
ing tla- Kerr phenomenon In liquid air round whi-u llie 
latter whs freed from small Ice and carbonic dioxide 
crystals by Hllratlun, and when precautions wore taken 
to prevent tbe general Lon of gns bubbles between Ihe 
electrodes, electric fli-bls ns high as INl.otlo volte i>er 
centimeter, and even higher ones could lie malnUlned 
quite readily In Ihe liquid. 

Fleming and Dewar lu Ihe course of Ihelr exiierl- 
ments made a determination of llie dielectric coiiNlant 
of llqueffed air HUd also of I hut of liquid oxygen. The 
latter they found to lie 1.103. If we assume (ho den¬ 
sity of gaseous oxygen at 16 deg. Cent, and 700 mllll- 
meters pressure to be (MKU34 (ami Its ilenalty at —182 
•leg. Cent, consequently to be 0.00424) nnd Its dleleetrlc 
constant at 0 deg. Cent, ami 700 mllllmetera pressure 
to Is- 1.00060, It follows by applying the Clausius Mo- 
solll relation—tbat K 1 Is proportional to llie density 
of Ihe gnu— that Ihe dleli-ctrlc constant of gaseous 
ox J gen nt —182 deg. (tent, anil 7tl0 millimeters pressure 
should lie B|i|iroxlman>ly 1.0018. 

Moreoier, aa tbe density nf liquid oxygen is about 
1.1376, It follows, If we UKsunic the CIuuhIiih Mnauttl's 
Iativ to hold continuously In imsslng from Ihe gaseous 
to Ibe liquid phase. I tint the rilelM-Irlc constant of liquid 
oxygen should is; nppnixlmnti-ly 1 4821. Tills, It will 


i the dielectric property 
he stage of liquefaction, 
by Hu- writers In on- If 
Imilty could Is; obtained 


111 In a nunil-er of exis-rlmenls it hns ls-cn aliowi 
In agreement with n immls-r of other cxis-rlnienten 
Unit liquid ulr nlii-n frcshlv filtered Is mi cxtremel] 
gmsl insulator, mill llmt Its conductivity In the abacnei 


tho lonlxallon was produced by the same radial tun. 

(4) The mobility of tho positive Ion prodm-eil in air 
ill 110 atmospheres by alpha raya was found to be 
II.IIW.12IH centimeter seeniid per volt |a*r centimeter, ami 
that the negutlvc 11.001*1217 centimeter seeoml ]ior volt 
per centimeter, the latter la-lug Hlamt 1.18 limes Ihe 

(6) Evidence has bei-n fiaind In the course nf the 
Invmtlgatloii uf tbe exlstem-e of a penetrating radiation 
emitted hy the layer nf pt'lonlum which furnished Ihe 
alpha raya. 


• HutoShrl, r*Men. Comm. No. 61 /-roc. 4ms. AM, 11, 

p. *11. 

• haul, Trea A mat. AM, *f «a, Jsaaary Mth, 181*. p. 
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Recent Evidence for the Existence of the Nucleus Atom' 

Varied Theories Developed, but Much is to be Done to Furnish Definite Ideas 


By Alfred I). Cole 


n. . . . Bennies these captive 
which arc free and subject 
laws of gases. The second 
hicli circulate from mm stellar 
fishing thus un exchange of 


believe in that particular of atom which wc may call 
thu nucleus atom. This typo is similar to thut which 
1’ulneard pictured except that llic central Indy is much 
smaller very email indoud us compared with even the 
minute electrons which cin-ulatu aleuit it. 

Wo will recall flmt sc vend of the ilisco verier which 
have forced us to aluuidon the idea of an indivisible 
atom. The fundaineotal one wan Sir Joseph Thomson's 
discovery of the electron. In studying live nature of 
the cathode rays lie fouud that they consisted of ex¬ 
traordinarily minute |iarticles nil exactly alike, wlintovor 
the nature of tho gas within the till* might lie In a 
series of brilliant experimental studios lie was able to 
show that the mass of one of these electrons was only 
one eighteen hundredth that, of tin' HgliU-st known 
atom. Then come Zeeman's discovery* tluit lha sc|m- 
ralo lilies of many spuotra ore broken up iuto two or 
more hues by the action of strong magnetic fields. The 
study of this effect made it quite certain that light ra¬ 
diation is caused by tho rapid viliraliou of electrons 
in tho luminous body Therefore, electrons must be 
proecnl in very many kinds of inaltor—probably in 
all The electrons were early proved Pi iwrry a mi;ev¬ 
il ve charge of iileelriclly, Soon they revealed their 
presence in a great variety of ways ami assisted in the 
explanation of widely different phenomena. Ilut the 
eomwjsinding positive constituent of matter proved 
singularly elusive although must diligently sought for, 
anil it is only very recently that, wc SIS'III to have traced 
it to Its hiding place. 

Different views regarding the nature of tills positive 
constituent liuve led Pi much diversity of opinion re¬ 
garding the structure of atoms. One of llio most suc¬ 
cessful of tlunc theories is that prujsmed by Sir Joseph 
Thomson in 1004.' lie supposed a relatively largo 
oositivo mass Pi exist- - nearly os largo as the atom — 
with the minute negative electrons distributed through 
it in snob a way as to make the system a stable one. 
For easy mathematical treatment he assumed the elec¬ 
trons at equal distances apart in a senes of concentric 
circular rings. To secure stability and illustrate oer- 
lain atomic properties he supposed these rings to lie in 
rotation. Thomson discussed many such configura¬ 
tions and Halisfucpirily explained many facts regard¬ 
ing the valency, the imgition in liio periodic syspin, the 
electropositive or electronegative aharacter and other 
chemical projurtu's of different suhstancos. 

A modifleation nf Thonisou's atom was proposed by 
H. A. Wilson IU 1911.* He snppoeca each negative 
electron to Ik, situated ut the center of a positive sphoro 
of Hiilflciunt size Pi neutralise it electrically, and tho 
aPun to Ik- mule up of a group of sueli units, the total 
numlKT I sing proportional to the atomic weight. In 
oth«T words, Thomson's one relatively largo positive 
mass is divided up Iuto npial parts, each one containing 
a single negative electron. Thu mathematical develop¬ 
ment of this idea ltd to tlic result tliat the hydrogen 


apim contains eight such units. Tlic gold atom would 
therefore contain about sixteen hundred of them. 

In the Thomson and Wilson atoms, the positive 
portion is diffused throughout nearly tho wholo volume 
of the atom, a region about one hundred millionth of a 
oentimotoT in diamulcr. This ty|ie of structure hat 
accounted for many atomic properties but has not been 
very successful lu explaining the position of the lines in 
light spectra caused by vibrations in the atom. 

I wish Ui direct your attention to-day more par¬ 
ticularly to a typo of aPim in which the positive charge 
—equal as before to the sum nf the oharges of the 
negative electrons - is highly concentrated at tho ocnler 
of volume of the apim, occupying only an exceedingly 
small part of the volume. Nngaoka* had dismissed the 
stability of such an aPun In 1901. Sir Kmest Ruther¬ 
ford revived it in 1911 Pi explain phenomena observed 
by Ucigcr and Marsden,* aud achieved a striking success 
The fuels observed were, these; when u-rays went allowed 
Pi isih* through thin slants of metal, a small propor¬ 
tion of them were ulieerved to he deflected through very 
large anghs Rutherford 7 made a theoretical examina¬ 
tion of the results of a single encounter helween an 
n-partiele and an apim of tlu, concentrated-nucleus type, 
and calculated the proportion of tho o-purticles which 
would I si dcllected through various angles by such cn- 
oounturx. (leiger* then made a new experimental study 
of the scattering produced by gold foil and found a very 
satisfactory verification of Rutherford's formula From 
the amount uf soalturing at various angles, tlie value 
of the nucleus was also oaloulated. For gold it came 
out alsiut 100 e Tho general conclusion was reached 
that the nucleus chargo Is aluut one half the aPimie 
weight linuw the charge of an electron. But Barkis' 
had oarlicr ruached the same value for the sum of the 
electron charges wliioh in a neutral atom should equal 
the nucleus charge—by observations on X-rnys and tlui 
use of a theory developed by J. J. Thomson. Ai>conl- 
ing to thesu views aPims contain only about 1/16 as 
many electrons as they do on tho theory of B. A. Wilson. 

On tho aseuinption that largo angles of deflection are 
sometimes due to sluglu cnuounUirs with ail atom, large 
forces must he pustulated to swing the u-porticles so 
considerably from their paths, forces so large os p) re¬ 
quire an approach u» within an nxeeislingly small dis¬ 
tance from the nucleus center. Tliis distance was 
calculated to be alsiut l/.'i.UUO of the atom diameter. 
If this is true, the nucleus non hardly have a diomeP>r 
exceeding 1/5,000 that of the atom. 

Thu view that an o-partinle msy turn through a large 
angle us Hie result nf a single unnounter was strikingly 
ciinllmied in 1912 by some remarkable photographs 
of tho |wlhs of u-particles through a gas. taken by <\ 
T. 11. Wilson. 11 I have here a reproduction of one of 
these photographs which shows two abrupt bonds in the 
trail of u )article, nno of 10.5 degrees and tho othiT of 
43 degrees. This second hend would certainly seem pi 
lie a case of “single scattering.” The astonishing con¬ 
clusion regarding the small sire of the nucleus has iveon 
couflnned by some recent experiments ef Marsden” 
in passing o-rndiation through a gas. 

A thoory has been worked out by Darwin that when 
n-radiation entered hydrogen, a few H atoms would 
ooquire from oloec encounters with tho o-particles a 
velocity 1.8 times that of the striking o-portiele, corre¬ 
sponding to a range four times that of the radiation. 
Marsden's experiments were undertaken to tort this 
thoory. Ho passes a-rays into hydrogen and observed 
the scintillations on a xinc sulphide screen placed at 
various distances. The range - ' of the a-pwthdes was 
round to lie 20 eubiu centimeters, but a few scintillations 
worn round when the screen was as mueh as 90 cubic 
centimetors distant, due seemingly to the rapidly moving 
B atoms in their recoil from collision with tho heavier 
a-particles. This was a striking confirmation of Dar¬ 
win's theoretical calculations. Calculation by his me¬ 
thod showod that the centers of the nuclei during collision 
were not over 1.7 + 10-’* oubio centimeter apart. This 
then would be the maximum value of the sum of their 
radii. This is smaller even than the forma - result and 
also smaller than the accepted value of the diameter 
of an electron. 
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Thus the nuelnus nf the atom appear* to bsaxtiB- 
onllnartiy minute, and this suggests an explanation of 
tho somewhat paradoxical result, that practically aft of 
the mass of the atom seems to reside in the noelena. 
For If tho aiae is oxtromely small iti eleetromagnetie 

masH would- -from the formula 2/3^ —be relatively largo. 

So iu moss might be 1,800 times that of the electron 
(and J. J. Thomson's experiments suggest that no pori- 
tlve carrier has a mass smaller than that amount) pro¬ 
vided its diameter were only 1/1,800 that of the electron. 
From such consideration Rutherford 1 ' thinks It prob¬ 
able that the nutleuo of the H atom is. In fact, the long- 
sought positive olootron. 

AlPmlion has been forcibly drawn to the nucleus 
type of atom within the past year and a half by the 
extraordiiuuy success it has had as interpreted by Bohr, 
Darwin and Moseley, In accounting for the exact posi¬ 
tion of linns in the sisaitra of gases. Thdr work baa also 
served to tiring into the limelight the earlier and perhaps 
equally striking work of J. W. Nicholson. In November, 
1911, lie published a paper" In which he assumed the 
oxislotioe of several elements with atoms of very simple 
and definite structure. One of these he colled nebo- 
lium. In the neutral condition It was supposed to have 
a positive nucleus with charge 4 c, and around it at equal 
distance* apart in a circular path, rotated four electrons 
each with a unit chargo «. It might, however, lose one 
electron, whan It would beoomu positively charged, 
its throe electrons now taking up new positions a third 
of a circumference apart. Similarly he supposed that 
tho atom might take up more electrons, and have a 
negative oliargn. 

He dismissed mathematically the vibratory motions 
of such on atom and showed what kind uf a spectrum 
the radiation would furnisn. The theoretical analysis 
of the spectrum of his imaginary element nebulium 
showod that all the characteristic nebula lines of the 
Clrcat Nebula in Orion, leaving out those due to hydro¬ 
gen and helium, could he attributed to the vibrations 
nf the nehullum atom, exeept two lines. On the very 
day he read thin paper in Kngland a German astronomer, 
M. Wolf," presented a paper in Heidelberg which de¬ 
scribed the discovery that different lines of this nebula 
were due to radiation from different parts of the nebula, 
and that these two lines which Nicholson bad found 
exceptional were due to a radiating source different from 
that of the other lines. Whereas almost all the lines srere 
duo to radiation from tho bright ring of the nebula, 
those two lines were earned by radiation from different 
parts of tho nebula, that for one of them oomlng from the 
dark central, space and for tho other chiefly from the 
outer edge of the ring. AH other lines had their maxi¬ 
mum brightness in tho bright ring itself. 

Another imaginary suliatance, which Nicholson named 
protofiuorine, ho succeeded In nonnesting In a similar 
way with the spectrum of tho sun’s corona.'* This 
atom he supposes to have—when neutral—a nucleus 5 * 
with 5 electrons in a circular orbit about it. He analyses 
iu radiation on the assumption that it gives forth radia¬ 
tion energy in quanta, sa Planck has supposed. H» 
anticipates Bohr in the emphasis he gives to the Idea 

electrons. His calculations on this protofiuorine atom 
account satisfactorily for the existence of 14 out of 22 
lines of the oorona spectrum, with an avenge differeoo* 
of less than one part in a thousand between observed 
and calculated values. Hi* calculations also show the 
magnitude of the positive .or negative charge of the 
atoms originating the various Hues. He conclude* that 
in there primitive forms of matter—nebute and solar 
coron*—very simple types of atom exist, mueh more 
simple doubtless and more a m ena b le to calculation 
than are the stoma of moat terrestrial substances. While 
the correspondence between his oalcutabd spectra and 
those observed at Uek Observatory fa not so close as 
is that between theory and observed spsstra in the ra- 
oeat work of Bohr, It fa important to obasrve that meet 
of these results an obtained by means of established 
mechanical pri nci pl e s ami without tha DM of such quare 
tionafale assumptions as the brilliant young Dane chssf-' 
fully and confidently may— 

And now let us, consider briefly the work of Bohr. 
This fa set forth in four papers" published in the PHIn 
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inpMtrr 1 Mattain* between July of last year and Mornh 
of the iWHMit yw. He Marti with the Rutherford 
atom, l. a., a minute positive nucleus with it* ays tom 
of electron* revolving about it. the nuuw of the atom 
naident nhlefly in the nucleua and the nuinlinr of elec- 
tr oM approximately equal to halt the atomin weight. 
He admit* the dllBoulty of securing nubility in such an 
atom (af compared, for instanoe, with Thomson's 1604 
atom), but think* that this difficulty can be removed 
if wa admit the insufficiency ° r Ihe clansinal dynamic* 
to explain phenomena lnvulvinK atomic diHUnce*. and 
Introduce Planck’* quantum into the equation* He 
elafan* that this furnlshs* a haidi not only for a theory 
of atomic oonetitutiun but for that of molecules a* well. 
He differ* from Nicholson radteaUy in muming that 
when In a state of uniform routinn, the electrons do 
not radiate. This i* not in aooordnnce with our ordi¬ 
nary elec trod ynnmloe. Kaoh atom, according to Bohr, 
ha* a number of “ateady state*" during which the elec¬ 
tron* revolve uniformly and there i* no radiation. But 
in pausing from one steady *Ute to another an electron 
wind* Inward toward the nucleus with it* frequency in¬ 
creasing. It* acceleration meanwhile eaiimw radia¬ 
tion, until the electron* settle Into another steady state 
and cease for the time to radiate. In it* stable state 
the angular momentum of every electron is tlw same. 
This agree* with Planck'* idea of discontinuous radia¬ 
tion and the amount radiated in one emission for a 
vibrator of frequeney * is rhr where r is some integer 
and k 1* Planck's “universal constant ” Bohr finds the 
equation for the relation between the frequency, mass 
of an electron, charge of electron, r and r. When r 
is ™«de 2 in the equation, Balraer's serins for hydrogen 
Is obtained, and fur t-3 the infra-red aeries whioh Hit* 
anticipated and Paaehon found, r-1 gives a series or 
lines in the ultra-violet and r-4 and 5 In the infra-red, 
neither of whioh has yet been observed. The lines ob¬ 
served by Fowler and by Pickering lie connect* with 
helium Instead of with hydrogen. 

From this equation he also calculates Rydberg's num¬ 
ber N degrees and obtains 3.2tt X 10'*. Its observed 
value 1* 3.26 X 10“, so that the ugrromont of theory 
with olwervatlon is satUfaclory. The theory further 
requires that very low gas density lie required for num¬ 
erous spectrum line* and very great gs* volume for 
sufficient intensity. Tills probably aecount* for the 
fuel that 33 lines of tile Rainier series for hydrogen eon 
he soen In celestial spectra while only 12 appear in ter¬ 
restrial (vacuum-tube) spectra. 

From the work of Barkla and of Geiger and Maredon 
on the seattering ef radiation Bohr aeeepts the view of 
van dor Brook that the number of electron* tn an atom 
in the neutral state indicates the position or the element 
in the periodic table. Thu* he give* hydrogen one 
electron, helium two, lithium three, beryllium four, etc. 
The same number expresses the magnitude of the posi¬ 
tive charge on the nucleus. 

It is difficult to pass upon the validity of some of 
Bohr's assumptions Bo high an authority as Jeans" 
- ally it "a most Ingenious and suggestive, and l think we 
must add, convincing explanation of the laws of series 
spectra," and yet he adds a little later that the only 
jilHttfleatlon for tho assumptions Bohr makes is "the 
very weighty one of success.” Rutherford cautiously 
nlwnrves: . 

"The theories of Bohr are of great Interest and im¬ 
portance as a first attempt to construct atoms and 
molecule* and explain their spectra.” 

The views or Rutherford and Bohr regarding the 
sIntoturo of atom* are strongly supported by some 
striking experiments of Moseley published during the 
put year. 11 His work* utilise the mothod* worked out 
by W. H. and W. L- Bragg'* for measuring the spectra 
obtained by reflecting X-ray* from the fanes of crymtali. 
Barkla and Sadler" showed in 1908 that if X-ray* from 
an ordinary tub* fall on different motels, "oharartori*tin 
X-rays" are given oft-ltaese being different tor each 
metaL Many metals can give out at least two different 
type* Of radiation. BSrlda called throe the “K series" 
and the "L series" radiation*. For each metal the “K" 
radiation la about 800 time* a* penetrating a* the "L" 
radiation. Kaye* 1 has shown that an dement excited 
uttdsr suitable conditions by rapid oatbode rays gives 
out a considerable portion of the X-rays produced in 
the form of characteristic rays. 

Moseley photographed the spectra obtained by using 
* great variety of different metal* as targets for oathode- 
ray bombardment The X-rays *o produoed were re¬ 
flected from a crystal face and then fed upon the photo¬ 
graphic plate. Spectra of the third order showing fine 
sharp hues ware obtained. BisnIUr reeulu were secured 
for tmr,« metal*. For the dement* of tower atomic 
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weights, each spectrum showed two prominent linos, and 
the spectrum of any dement was almost exactly like 
that of the element next Iwiow it in the periodic table 
exeept that it was shifted in the diruetion of shorUr 
wave length by aiwul the distance between Us two lines 
The radiation was of the “K" type. Thus a close iv- 
lation was established Ix'tweeii the X-ray wave-length 
and chemical properties. Further, the fnspicncy of tbc 
prineipal line was found to proportional to t.V-n) 5 , 
where N is an integer and a is a constant equal to ahoul 
unity. N is eallisl the atomic numlxT of the clemnnl 
Thus it is 2tl for Ga, 22 for Tl. 23 for Va. '24 fur Gr, 25 
for Mn. 2fl for Fe, 27 for Go. 28 for Ni, 29 for Gu. 31) for 
7,n, eta. These numbers are very nearly in llic enters 
uf the increasing atomic weights, Ivul more exactly in 
the order of McndcIcefT's periodic table. The munla-rs 
then correspond with tile changes in chemical pro¬ 
perties nuin' nearly tlian do the atomic weights For 
instance, we have Fe, < *o, Ni reprefsmting both the eliem- 
insl ertliT and order of the atomic uumlsTs (20, 27. 28), 
while Fe, Ni. Go is the order of increasing atomic weights, 
it thus appears that this atomic number Is a more 
fundamental quantity Ilian is the atomic weight, or as 
Soddy" has put it, 

“It is the nuclear charge rather than the atomic 
moss, which fixes the position of the element in the 
Periodic Table." 

A. vail der Brock" had Is'fore this suggested that the 
total numlier of unit charges on the elentrons of an 
atom is the number representing the position of the 
element arranged according to increasing atomic weight. 
But in a neutral atom the sum of the (negative) charges 
on the electrons should equal the positive charge on tho 
nucleus, so that the two statements amount to the same 

When the experimental values found for the frequency 
wore compared with those indicated by Bohr’s theory, 
the agreement was found to be a remarkably rinse one. 

With element* of higher atomic weight Moseley ob¬ 
tained s|ieetra whose linos indicated the Barkla "1. 
typo" of radiation. The atomic numbers calculated 
from tlie positions of the strongest lines uf tbeso “1," 
spectra ranged frem 40 for xireonium to 79 for gold. 
These experiments tlien give strong support to tho hy¬ 
pothesis of van der Brock that the total charge of the 
elenirons of an atom indicates its position in the periodic 
system. Known elements were found to eomwpond 
with all the number* from 13 to 76 except three, indi¬ 
cating that three dements probably remain Vo be dis¬ 
covered. Tile wave-lengths of the clurantcristic X-roys 
from the metal is of tho order of 1/1,001) that of visible 
light (t e„ about 40 waves in Cl.OOOOOl inch). 

During the |>ast few months Rutherford and And¬ 
rade" havo exlemled those methods of crystal reflection 
to the study of radiation from Ra-B Ra-G. The rrey 
spectrum of Ra-B was found to he of the same general 
type as that of the X-ray spectrum from various heaty 
metals when hemharded by cathode rays The result, 
for soft T-rays from Ra-B shows that iU radiation Ih>- 
lougs to the “I, series” for heavy metals Moseley’s 
formula applied to the measurement of the lines of the 
7-ray speetnim gave N-K2, which is the atomie numlsT 
of lead The atomie weight of Ita-U Is, however, 214. 
while that of lead is 207 This difference is neverthe¬ 
less Tully explained by a new generaUialion of Soddy 
and Kajans which we will presently notice The ex¬ 
periments deserilied In the soeond paper were made with 
much more penetrating y- radiation from Imth Ra-B and 
Rad’. This penetrating v-radiatinn from lla-B was 
found ta correspond to the K scries for the same metal, 
livid. The still more penetrating radiation from 1U-G 
lias a line s|ioelrum of still higher rrequeney Hum the 
K typo, for which the name "H" sene* is suggcsUd. 
These ray* are especially interesting because they have 
by far the shortest wave-length yet known, only about 
1/8 of the wave-length of the shortest X-ray waves 
measured by Moseley or uiiout 1/80,000 of the wave- 
longth of sodium light. Rutherford in his (simmerIs 
on these wav,* very justly remarks, “ft is surprising 
that the architecture of the crystals is sufficiently d«- 
flnlte to resolve sueh short wave*." 

During 1913 some remarkable work on the relations 
of radioactive substance* to each ulUt'T lias given sup¬ 
port to the nucleus atom from an unexpected quarter. 
Fleok,* Russell," von Heveney, * Kajans" and Noddy" 
have all had a share in this work. TlieyTltave found 
that when a radioartivo substance eject* an ii-parliele 
a substance of different eheminal properties ami different 
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valency results. The new substance lies two columns to 
tlie left in llui iMiriodic table, ha* an atomie numlier 
two lees and an atnmie weight about four less than tho 
I Burnt substance. If, liowever, the radioactive sul>- 
stanee ejeet* a (t-|SU-tiele or elertron, the new siilwtanco 
is one column to Hie rigid in (lie periodic table, inereusi's 
ene in utenue iiiiiiiIht. and doc not eliange ni atomie 
Weight Plainly llicn two nr mere elements may occupy 
tlie same position in Hie iicnndic table, for if an elemonl 
loses in succession -in any order two tf-particle* and 
one «-|>articl(>, its atomio numlier will lie again the same 
aa it was at first. Thus lla-D lias tin* atomic numlier 
82; it loses a (i-particle and becomes IUi-K with atomic 
niimlMT 83; this loses another (J-particle ami liceoini* 
lta-F with atomic minils-r Hi; this finally tores an a- 
imrtiele anil Isconies lead, with the original atomic 
number 82. The sene* Url. PrXl, l’rX2 and UrS 
ia nf the some kind, except that the particles are ejected 
in the reverse order, n, fl, t). Hu the ulrl difficulty of 
dialing places in the periodic talile for tlie 34 radioactive 
sutislaiiees now known lias disappeared, since they have 
but ten different atomie nuiulicrs and rixjuire lliereriire 
liut leu places in the periodic talile. Sislily has in¬ 
troduced the term isotope* to designate two elements 
occupying the some place in tlie talile. Isotopes lire 
chemically mrepsruble anil iimlinlily liave identical 
spectra, liut they liave ilifferviil atomie weights. 

It is evident that much remains to Is* done taifon, 
we have very definite ideas ef the structure of the 
nucleus atom. Many qui*st ions are entirely unanswered. 
For example, ill liow many rings do tlie electrons lie? 
Fur liydrogen ami lieliuiu as for uelmliuiu ami proto- 
fluorine (if they exist) the electrons am so few lliat llioy 
douhtless all lie in one nng. but tlu-rs' arc reasons for 
lidieviug that in atoms of liiglier atomic weiglit there 
are two or mure rings. With a largo numlier of elec¬ 
trons present -with the tig) electrons of tlie gold atom 
for instance—them may indeed Is' several eimfigurotiims 
which will satisfy the conditions of stability. Even for 
eomparau vnly light atoms Bohr 1 " snppoacs that, aa many 
as flvo rings exist. Again, from wliat part or the stem 
of a radioactive substance do these ejocted a- and 
3-particle* I'ome? Buddy 1 ' Is-lieves that Ixith originate 
in Hie nucleus, but that tlie chemical and the electro¬ 
chemical properties are controlled by the outer ring of 
the elivIrons. Moseley regorda the similarity of ilia 
X-ray qs'etra of different metals as satisfactory evidemxi 
that such radiation originates inside the atom, while 
light radiation is determined by the “stmeturo of tlie 
surfare." Rutherford 1 ’ and Rohr Isitli raise the im- 
IMirtanl question whether atomic nuclei contain elec¬ 
trons, and hotb conclude that they do, These and many 
other q lies lions have already been asked but only tenta¬ 
tive and provisional answers have thus far Ivon given. 
Doubtless there is a field here for much iinis>rtanL cx- 
perimcntal and Ihisiretieal work in tlie immediate future 
-a Held which American physicists will s»s-h to culti¬ 
vate with their Kuropcun bn'thren, who hate done alsnil 
all of the work thus far 

Thesn hiisty considerations perhaps sillHee to show tile 
varied character of the lines of evidelMH' that have liccn 
developed during the paat throe years lo give sup|sirl 
to Millie form of nucleus atom. Radioactive pheiiomenu, 
X-ray radiation ami ehemieal pro|S'rlies mviii lo give 
united testimony for it. Doubtless the linixl ty|H' or 
atom lias not yet been deserilMsl, for it is easy to eritieise 
the views of Nicholson, of Bohr or any other who bus 
promised a model, but it is probable lliul some form of 
nucleus atom will noon receive general rociignll urn 

Behavior of Incandearent lamps 

I v the etreular on fe** for tests Issmsl h.v the Rureuii 
of BtandnntK ttm fotlowtiig ruels are stntixt 111 relntloli 
to the Iwhttvlor of tlie films of Inenuilesn'iit Ihiii]>h: 

o|ierated at euiistaut vultagu Increases sllglitly In uiuille- 
l*>wer for the first .10 hours, more or less, utrordliig to 
Hu- lnu|H>ruturo at which tl Is burned. A stationary 
is-rtisl Is theu reuelied, after which there Is u progres¬ 
sive drop In the eiinilleiiower. The Initial fire In enndli'- 
ixiwer Is due to H grailunl decreuse lit Lhe roslstamv' 
of tho fllameiil, while Ha- sulwaspieut decrease In cutidlc- 
imwer Is due chiefly lo hlnckeiilng, caused by u dcisislL 
ou tlie Inside of tlie hull*. 

This Is, In general, (lie Is-linvlur of nil Incnmlesiviit 
filament Ininiw, whether eiiilsm, nictulllwsl nirlsui. tmi- 
taluiu. or tungsten. Therefore. In order Hint a lamp 
muy be useful ns a photometric slniuhird It should Is- 
cnrefully seasoinxl h,v n preliminary Ininiliig siilfielent 
to bring its resistance to a steady state. In order Ihnl 
it may not lie affected subsequently by nny slight over¬ 
voltage, the tamp should lie scawmixl at a voltage some¬ 
what higher tlian that nt which It Is to ta> used ns a 
standard. 


1913). 

H r. loddr, Otao. Vni. 107. 97 (Pebrusry SUh, 1913); JsSrt. 
JSsfifnaH. 19. ISS (ISIS). 


•i F. Soddy, "Thu KsdkiehsnniU rod the A 


Mat. 37, 4HH-4tm (Ms eh. 
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Watching the Earth Revolve 

An Apiwratus That Enables the Movements of the Earth to be Directly Studied 

By Arthur H. Compton 


h'<!H liitisl |nfi|>lf Mil- liu-L Hull Oil- Him rlw-H III rlu- 
im •riiliitf. Iraii-N Hhmly iiithnm I hr hL,i mid arl h In t li*t 
riming In Hiilllrlrlil rvldrni-r llml the oiirlli guru nriuiiul. 
dur iiuii-HturH, linwripr, boHcvi*! Fur the utimn rcnnon 
Unit I hr hiiii iiikI iiiihhi ii ml slnra nil actually nu»vi« 
ncroHH tlir »ky while Uio enrtli IIhiiK hIiiihIh hIIII. In¬ 
deed. thr Httempt of r<i|a>rulcilH mill (lalllro to iIIhih-I 
IIiIh him, wlilrli HreiiiMl ho crhlriit uh to Ur nliuixt 
iixhnnntlr, wuh tlio 1'iiiinr of thrlr liltlrr ihthtoiiIIoii. 
It Ih really liii|MiHHllilr in provr ilrllnlfrly liy uiruiis of 
otiw-rviilloiiH mi llir heavenly InHilm whether thr rurlli 
really rrvolvrH wlillr llir Hturn rrniiilii Hard or nJirlhrr 
II Ih llir Hlurn which rriolvr nlioilt llir rnrlh. Kirn 
though wr limy Nlww thill Him- IhhIIcm arr iiiIIIIiitik or 
IrlllloiiN of mllrH from uh, wr i-hii hIIII expluln llirlr 
npiHirrut dally motion by keeping thr rarlli at rent If 


kihhI proof Unit Urn rorth Ih actually revolving.’ Kvea 
bin experiment, huwover, <11(1 not hIhiw Ulat all the ap- 
parent motion of the Hturn hctmhh the hot vena U due to 
llir turning of the rartb. Hlnce a pendulum iwluce in 
ii rrrHnil plane. It la only the part of the eartb’i rota¬ 
tion nlnmt a vertlenl uxl* which Foocault'a apparattu 
won ahlr to inroHuro, Htippoao that the pendulum la 
net up at Iho |k>I tit O (Fig. 2) no tbo earth’* nurface. 
It Ih evident tliat thoro will be notin' rotation about 
llir vertical nxla OK, but tills will be Iran rapid than 
llir rotation iiliout an rxIh OP, lantllel to thr earth’* 
h\Ih. If tlir enrlh luma around tbr oxIh O'I' once In 
21 lionrH. there might to lie H rotatluu aliotit a vertical 
iixIh nt I’nrlN, wlmae latitude Ih 40 dogreea, nt the rate 
of <niii> In nlMiut 02 hourH; end by mmnm of Ills rnor- 
iiiiiuh iN'iidulum Fmicunlt nhowod tliat Mich a rotation 


the rotation about thoec three axes la measured, not 
only the length of the day, but also the position of the 
true north and the latitude van be calculated, and thii 
wholly independent of aatrouomlral observation* 

Tbo earth rotation ring ahown In the photographa waa 
made for the pnrpoee of meaaurlng these three com- 
ponenu of the earth’a rotation. The principle on which 
this apparattu works U comparatively tlmple. The 
Instrument conalata euontlally of a circular tube filled 
with water and mounted on an axla In Its own piano, 
an In Fig. & This apparatus la net In a plane perpen¬ 
dicular to the axis OC, about which the earth’s rota¬ 
tion la to be measured. It the rotation la In the direc¬ 
tion Indicated by the solid arrow* It will be seen that 
the aide A of the ring la moving toward the left rela¬ 
tive to thr other able, ami after the ring baa been ataud- 
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asli 00 H wall u upon tb* dimensions of the ring. 
With the apparatus here described the motion wax 
usoally about an fait aa that of the minute hand of n 
watch, and could anally be aocn through the microscope. 

Ite ring ueed In Uwaa experiment! wu made of 
ldnch tubing, bent Into a circle a foot and a half In 
diameter, Where the window* were placed the tnbe 
wal conatrlcted aomewhat io aa to lncroaae the Telocity 
of the water which waa being watched. The motion of 
the water which Oiled the tube waa made vlaible by 
shaking up with It a mixture of coal oil and carbon 


menKurlng Urn effect due to the vertical component of 
the earth'" rotation. us In Flip*. 5 and (j, no nuch imr- 
thular preisutlotis hud to lie taken. 

Wheu lire ring whs held In n vertical pinin', uk In 
Fig. 4, the ell globules are nlwnys Keen to rise on lire 
eaat (tide of the tube ami go down on the went aide, after 
the ring la reversed Thin allows conclusively that the 
earth la lurulug over from West to Must. UtmUarly, If 
the ring la In a horiaontul plane, n motion lo thn left 
1 h always ikntervcd, which, qh we saw above, ImltcnlcK 
a motion of the earth In n counter clockwise direction 
aliout a vertical axis. It la an Interesting experiment 


Fig. 4.—’Watching the earth revolve. T 
rataa la In a constant temperature room ]i 
above freexlng point to avoid convection currer 
In the water. 

tetrachloride of I lie Maine density us water, » 
formed small suspended globule*) whose motion 
easily vlaible through the olmervlng microscope, 
order to avoid aiiuriouN motions dne to difference 
temperature In different portions of the tube, . 


'I the globules moved just ns fuNt toward the right ns I In 

■ Imd moved before Iowan! llie left. It Is evident tin 

the aiiectrometer table was then turning hackwni 
twice ns fast, relative to the earth, as |he earth lbs 
ileli was tnmlng forward. The spectrometer table wi 
whs turning at the rate of 1.340 times 1st day, which UIL>S! 

In that the earth Is turning about a vortical axis ut tl 
i In rate of O.tfTJt revolutions tier day. Since Ha* ratio 

sne the rotation about tills axis to that about «/* w 


h of the day, aivord- 
2 minutes. 

» values of (he Hxl- 
tth of the day with 




parts of the experiment had to be performed with the already known. It was easy to calculate tl 
apparatns boxed up In it cold risen, as lu Fig. 4, hut In of Hie earth's rotation slsnit Its axis Is <1 


The Koepael Permeameter* 

Tna moving coil galvanometer and many other cloc- 
trkal Instruments built on the same principle consist 
essentially of n coll of wire susiiended In a magnetic 
held. Thin coll experience* a torque which is propor¬ 
tional to tile product of (he current In the coll and the 
component of the magnetic Held In the plane of the 
cello. In the Inotruments Just mentioned the magnetic 
Held Is constant and the current varies. The deflection 
due to the torque thus hecomen a measure of the cur¬ 
rent strength. 

Instead of using a constant magnetic Bold, we may 
malutaln a ceuatant electric current through the mov¬ 
ing coll and use this system for the measurement of the 
magnetic field. If this magnetic field la due to an elec¬ 
tromagnet, the magnitude of the field depends upon the 
magnetomotive force applied and the material of the 
magnetic drcult. An electromagnetic system of this 
kind may therefore be made the hnsls of an apparatus 
for the determination of the magnetic proiierlles of Iron 
and steel. 

HnblnMiii 1 In the Metrical Wnrlit of February 2+th. 
1MM, gave a complete description of u pcrmeameler 
based on this prtudple. However, lu* bad not actually 
built the Instrument. 

Three days later Koepsel* described More n tiermaii 
clcclrulechnlcal soriety subslanllnlly tile same piece of 
np|iamills, which he had built and was artiinlly using. 
TIiIh apparatus, ns Inter Improved by Kalb,* Is widely 
used, both III this country and abroad, ft Ik sometimes 
called the Siemens and llnlake permeameter, from the 
UHioe of the mnuutacturer. 

Orllch* at the Helchsunstelt determined a number of 
liysterraU loops with the Knepeel, Instrument and also 
l>y the magnetomet e r method, nsbig cltlpantdal sprel- 
memi for this latter teat Ilia data show that at Induc¬ 
tions of 10,000 gausses the lnatrument given valnes of 
the magnetialng force which an too high. All values 
of the coordve fores, as obtained by this Instrument, 
are greater than those of the magnetometer. The "bear¬ 
ing curve* differ for different material*, nobr* com¬ 
pare* hysteresis data obtained by the Koepsel permoa- 

• A brief .ununary of Bultatla US. laned by' tb* Bust ol 
Standards, droeriMn* is l*v«tliatton mad* by Cbarlre W. 
Harrows, Amorists Pbyridit. 

' U T. Boblassa: "A llodlM lastramant for tbs Dstsr- 
ndaahou of B-B Cvittss." glmtrlori World, as. p, J86. r»b 
retry. *4 th. IKK. 

•A. Koopsel i Appoint nr Bcstiranmu dor mogMtlschn 

•on. Rig, light, April Ittk, UN, 

■ It. Kath: ■ T a 18, pp, 4114111, in*. 

•a Oriubi a t a., 1*. pp. mi-m ims. 

»M,Ukni;llN . 


mctiT with tlmt obtained by till' wattmeter inctinsl and 
Hials Hint the valiiCH of the Htclnuicts coeflldcnt thus 
obtained sre III sulsriantlal agreement 

Much of the lists on the magnetic properties of Iron 
and steel hnvc heeai dclcrtulm-d with this *|s«trutus, It 
seems, tlierefore, well worth while to give the Knetwel 
m-rmeameter n careful ex|«rlroenlal exnmlnnllnn with 
a view to determining Its reliability fur use In making 

As a result of the experiments conducted, the follow¬ 
ing enuelmdons wore drawn: 

The Koo|)acl permeameter haa several vnlimble eliar- 
ncterlHtlcH. It give* direct rrailbigs of the magnetizing 
force ami the magnetic Induction, both for normal In¬ 
duction Hnrt for hysteresis data. It U easy of manipu¬ 
lation anil does not require greater core than the naual 
deflection Instruments. It re|ieats its readings ns enn- 
statently as could lie desired. The rondlngs nrny be very 
useful In Indicating relative vnlucs of different mate¬ 
rials or the degree of noil-uniformity of similar mate¬ 
rials. The fact that the observed values of tbe uing 
netlalug force may differ by as much ns 100 per rent 
from the true values dis*s not destroy the value of tills 
Instrument for purpoere of comparison. 

From the cxiiortmental consideration of the different 
factors which may affect tlie accuracy of the readings 
llie following detailed conclusions were drawn: 

1. Kcodings on Ihe two sides of the giro of the In¬ 
strument may differ considerably, but tlie mean of the 
Iwu values tiiiis obtained shows siitlsfactory consistency 
on repetition. 

2. Shearing curves for different grades of material 
show Ibat the correction to be Hppllod to tbe observed 
magnetizing force Is uot constant for n given Induction, 
hut depends upon the nature of the test specimen. This 
o rrectlon Is usually subtractive for points below ihe 
knee of (lie Induction vurvo and additive for imlnts 
alsive the knee. 

.1 An Increase In the cross-section of tbe test h|>ccI- 
mcn tends to lncroaso the observed values of tbe mag¬ 
netising force for point* below the knee of the Induction 
curve, and to decrease the observed value* for points 
nlmve tho knee. 

, 4. The length of tbe specimen prelecting beyond the 
yoke* produces no not)reside effect for points below Ihe 
knee of Ibo Induction curve. For points above the knee 
the projecting anils Increase the observed value of the 
magnetising force. 

B. If the bushings are not pushed all the way Into 
their proper position, a higher apparent value of the 
magnetising fores Is observed, dne to the Increased 
length of the portion of the her under test 

6. Hysteresis loop* obtained by the Koepsel perinea 


under nlanys slum u low idiscrvcd residual Induction 
anil a high ntiscrvcil nswclvc force. 

7. A theoretical iiml ex|STlmenlitl study of Ihe dlstrl- 
but Inn iif the mil gild le fluxes llirongh different porta of 
llie magnetic circuit shims that shearing carves of tbs 
form d.served arc lo ls> expected. 

If tlie Uiqmriitns Is lo Is- used for Ibe determination 
III the absolute vhI iii-s of the magnetic quantities, it Is 
iid-cssary to apply a correction to Iha readings. Since 
(lie apparatus gives luiislsteiit results on repetition, tbe 
Mimic error may be charged tu errors In tho correction 
iw shearing curves. As I his shearing curve varies with 
the dimensions and qmillly of Ihe specimen, It Ih ckkcii 
tlul Hint shearing curves Is- prepared for each slso and 
quality of s|ieelmeii In Is* tested. With extreme car© 
and the use or proper shearing eurvp*. Ihe apparatus Is 
ciquiblc of giving qiiHtillllve results within B per rent 
•■f the true vsluo of the magnetising force for s given 
Induction. 

Vncorrcdtsl hysteresis tints for bunl steels show 
values liftin' rcnlduil I luilticllnn fiiHl nro Ion small; the 
error may bo ns great ns 10 |ier cent VhIiihh obtained 
of llie coercive fnrci' ure systcmatli'iilly too lurge; the 
error nmy be ns ranch ns 40 per cent. 

Petroleum Conditions in Russia 

Tlie report of the United Htnles (I cobigli-Hl Hlirvey 
mi llie I'risllietliai nf Petroleum III I Hit luntnlna the 
following stntpuienl: 

The declining lulldltlim or the older Itiisslnii |s*trol- 
•■iiiii localities notml In the provliHW n’|sirts of Ibis aeries 
coil! limed In 1M1-H. It was not comiM'iiMitisl by Increase 
In the new districts, which Include lOinlui for the first 
I line ns n t-oinmcrrlal fador. The isillinik for tho future 
id llusslnn production Is brightened by llie prns|>cctlDf 
vv lili'li has progressed rapidly In the 11 rul-Casplan 
region, north of Gurlcf. The field Is reiirlinl by steam¬ 
ers In tile mirth shore of the Caspian Sen Almut thirty 
miles from the shore large wells Iihvp already been 
obtained at Dossor, and pipe lines are laid to Gurlef, 
where lunges can bo loaded and then towed np the 
Volgn wltiiout tho reloading which U neceasary with 
»lilpineiils from Ilnkn. Oil from Baku destined for the 
Volga ltlvrr trade arrive* at Astrakliun In steamers 
lisi deep for the river and Is then transferred to barge*. 
I'txpIfiniUnii in this Vral-Casplnii field has been extend- 
isl many inilos north of the present dcvi-hqiment*. Froe- 
INH-tlng Is Impracticable in winter, but In summer It can 
lie prosecuted with success In spite of the lack of water, 
the available unpply nf which in derived principally 
from snow scraped up In winter and stored In pits. The 
Inhabitants of the region are nomads living In tents. 
They an peaceful and dlspcned to aid exploration. 
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The Economies of Home Lighting 

Facts and Figures on Various Systems, Past and Present 

By Reginald Trautschold 


KvKRinnDT lx intvnclrrl in lighting, for nu matter 
how humble home may Iv, lighlmg of snino description 
in mviwinr.v. Tin- progress niiuli- m the art of artificial 

ill.inn turn is ramilmr in a general way to all, but it is 

\<>rv questionable whether many aru familiar with tho 
lanimmii' us|xx'l* of thia progress. I* lighting being 
nmm efficiently-economically—performed than it waa 
.70 yean or inuro back? Have the economics of tho sub¬ 
ject kepf pare with the gains in convenience and faeili- 
tiiw, or Iibmi three advantages been secured only at in¬ 
creased '-out of lighting? 

To arm'd at a logical understanding of tho effieienry 
of vanouH systems of lighting a Imuub of comparison in 
nworwury. calling for a unit of light measurement. Tho 
recognized unit fa a candle-power per hour—not tho 
ordinary oandlo that la procured at one's grocer, hut an 
arbitrary unit, originally the light emitted by a sper¬ 
maceti <-andln burning 120 grains per hour, known aa the 
ltriliah atandard eandln, hut later modified to the “In¬ 
ternational Candle” whieli emita alightly loaa light than 
tho llritiah eandle. In the daya when tho knruaeno oil 
lam|i waa about tho boat avallaliln anumo of light, the 
eaiullo-|iowpr waa not the term in which it waa runtumary 
for the huuaekeoiNT to moaaure illuminatiun, the measure 
In tlioao daya waa far more apt to ho tho length of time 
lluila IIyo gallon can of oil would liud. It waa not until 
the advent of tho eleotrio light that the term candle- 
power name into general use. The ltt candle-power 
iiieandoaoont electric light bulb— tho 16 candlc-powur 
Ktliaiin - then boeamo the |m|iulur measure of oomiiariaun, 
lint t.lua, by the way, la far leaa reliable than the live gal¬ 
lon oil can meoaure, for a 10 eandle-jiower electric light 
luilli line* not emit 1(1 enii(lle-|Kiwer, rarely over 12 and 
frequently neanT 10. The live gallon oil ean ia capalilo 
of giving out 4, film eaudle-iKiwcr. if waate can he elimi¬ 
nated, and with any cure nl all the loNaea from a live gal¬ 
lon eau ahoiild It very iniirli leaa Ilian ft (|iiarlH, mo (liat 
the live gallon oil meaaiire for light in really inureaeeumte 
and reliable than a meoaure turned oil I lie lighting capacity 
of an ordinary earlam fllanienl eleel rie liillh the eoinmon 
tyjT of eleetrio light taken lit lla rating. The hoiiHC- 
kee|H<r ia now funuliur with the term candle-power, hut ia 
almoat aa much in the dark aa foniu<riy oa to ita trim 
meaning. 

A candle-power ia really aiich a amall unit that a 
comparison of lighting coala based on it, though aeienti- 
lically Intercnting, faila to impretia any lint the laamomial. 
Homo concrete and larger unit preaenta facie ao much 
more fornihly and clearly. For inatuuce, I he coal of 
lighting a amall cottage or llul for u year forma a (cry 
much more underatandahlo eoniiwnaon. Taking (lie 
average year in and year out, aueh an establishment- ■ 
if the hall light ia tumid down low, the kitchen light ex- 
tinguiihed when tha laat diah of the day hoa lieen wnalicd 
and put away and all tho other little iixmntnien that are 
insisted upon by the careful lioilaokia'per would hum 
an equivalnnt of alioul 100 candle-power It houra each 
day, or 110,000 eondlo-powor during the year, illumina¬ 
tion lliat would not be very excessive Tor one foiri.v large 

Tn tho daya of the keroaene lamp, the live gallon oil 
ean would have to lie repleniahed every two wooka or ao, 
in aueh an establishment, for almut I2S gallona of kero¬ 
aene would bo eonaiiuied diimig tho year. Not to exceed 
this amount, tho oil would luive to lie handled with great 
core —avoiding unnecessary waate—and the vnrioua 
lainpa aupplied at all limes with clean clenr glaaa ehimnoya 
and ho devoid of all aueh light ahaorhing devieea aa aluuloa. 
Hueli unatlraeLivo lamjia would ahia-k the artistic MO rue 
of even tha meal frugal householder, and the houae- 
kwpnr would Inaiat upon the uue of ahadea for moat, if 
not all, of the Uuii|m. and tliia, even if diaerimination 
waa uaod to employ only fairly tranapareet ahadea, 
would mean about two more tilling* of the live gallon 
can during the year. In daya that liave pool, keroaene 
waa eheaiier than it in now, hut if a fair onmpariaou of 
the coat of lamp lighting ia to be made with more modem 
lighting oyatema the average price of lamp oil to-day - 
almut 12 eenta per gallon- -muat be considered. If the 
original coat of tho lamps be diaregardod, the mainten¬ 
ance expenae* for ohimneyt, wioka and to forth be over¬ 
looked, aa well aa that for the labor Retailed in cleaning, 
refilling and caring for the lam pa, the yearly coat of lamp 
lighting would bo. If ahadea wen not employed, about 
*15 00 a year, or, with ahadea, about 117.00. Thia 
lattor Qguro may then he taken aa about the yearly coot 
of keroaone lamp lighting for an eetahUahmcnt requiring 
1)0,000 candle-power 

leer oinee “olty gns" Ural came into general uae far 
Igbtiqg, th» typo of bur nor injat «ommonly aaptoyad 


haa lieen the ordinary open Up (”fi*h tail'') burner, 
emitting a fan-like flame. Suoh a burner haa a lighting 
capacity of about 20 candle-power, and to obtain 110,000 
candle-power about 27,000 oubio feet of gaa would have 
to be burned, or at leaat paid for, aa there ia bound to be 
a certain unavoidable leakage. Thia quantity would 
demand the uae of umbaded light* only, for ahadea 
would, aa in the caae of oil lamp*, lead to extra oxpenie. 
Though ahadea are not deemed aa necessary for gaa aa 
for oU lamp*, tome aueh extra expenae, for the aake of 
“look*," would aurely be incurred, ao another 3,000 
cubic feel of gaa would be a conservative amount to add; 
and thia would mean, at the average price of “oily gaa,” 
about >1.00 per thouaand cubic feet, a lighting bill of *30. 

By substituting the more cleanly and convenient gw 
for oil lam pa, the annual lighting charge would be very 
nearly doubled. The dlfforenoo In ooat of the two ay*- 
tema would go a long way toward paying for broken 
lamp chlmncya, new wlelu and to recompense tho houoe- 
keejier for the extra work on tailed in caring for tho lampe. 
Civilization waa not to be denied, however, so the hnunc- 
knepon were Anally prevailed upon to realize the wisdom 
of upending nearly twice tho money they had been ac¬ 



customed to spend for lighting for the privilege of evading 
aome irksome and, it muat be admitted, some disagree¬ 
able work. 

Whether the thriftinere of aome good housewives and 
Iholr disinclination to abandon the more economical 
system of lighting for the more convenient waa the cause, 
or natural progress, It waa not very long before tho 
Wulaliach burner waa developed. The first of those 
bunion, aud that still most generally encountered, waa 
of the upright type, eonoiating of a mantel erf aueh fragile 
material, unfortunately, that a protecting ohimoey is 
necessary- This burner ia very much more economical 
in the consumption of gaa than the open tip burner for 
ll» same illumination, consuming only about one-third 
as much gas. The annual ooat of tUundnation—110,000 
candle-power—would then he, with "city gaa” at 11.00 
per thousand cubic feet, about 110.00, less than two-thirds 
as much ai that of oil lamp lighting. Unfortunately, the 
full benefits of this system of Ugh ting have never been 
realised and probably never will be. The full value 
of light is not properly comprehended and the temptation 
of using more light and still more is too great for the ma¬ 
jority to resist, particularly when little or no more effort 
ia necessary to secure It and the extravagaoee only be¬ 
come* apparent when the light bill is presented for pay¬ 
ment. Whan the light hill Is smaller than it ww fonnwiy 
—open tip burners probably haring preceded the Wob- 
baeha -it la atiU more dtifteult to realise that toonomy 
la the use of light has not bean what It thoqld. In an 
establishment whare Wdobaoh* can be wed, provision 
is also adequate for open gas tip boraore, ao that if the 
same economy Is to be obaorred in the use of light, oaly 
tha aqui valent of oawiUrd aa many Wabhaaha should 
ba aaod u open tip bur—* , for gtowagr, «3y «*• 


tain burners in the establishment should ba generally 
used and the use of aU others prohibited; but always 
soma of these forbidden burnm are re oooviolently 
located that the good resolutions are not kept. Still 
another reason for failure to realise tha full eppno- 
rales of the Welsbaeh la that the mantels are fragile 
and liable to destruction and the chimneys will break 
or crank; so that unleas a supply of extra mantels and 
chimneys is kept on hand, a temporary return to tbe open 
tip burner* becomes nannaasry, with the accompanying 
consumption of three times the amount of git, If the rente 
degree of ffluminatiem la to be secured. Tha lighting 
bill whoa employing upright Welsbaohe is, therefore, 
very mush more likely to be about 120.00 than *10.00. 
Even at $20.00 per year, the saving of the Weiabaoh 
system would mean the cutting down of the gis bOl for 
open tip burners to two-thirds, less then 2CTpor cent more 
expensive than lighting by lamp. 

The upright Weiabaoh is not the moat (paring In the 
use of gas, however. The Inverted Welsbaeh mantel 
being even more economical, due to the more efficient 
mixing of gas and air before it Is Ignited. This type of 
burner consumes but about ono-flfth aa much gas as 
does tlie open tip burner, so that, if its full eooaomle 
value could be realised, tho expense for 110,000 eandlo- 
power would be but *6.00. The same drawbacks that 
prevent tho realisation of the full value of the upright 
Welsbaeh apply with equal form to the more efficient 
inverted burner, ao that It Is doubtful if their use would 
cut the annual gat bill much below *10.00 or 117.00. 
At such rate, all the benefit* and advantages of gas 
lighting may he gained and many of the disadvantage 
■if tbe oil lamp ovadod, with a lighting Mil no greater 
than that required for the use of oil lamps. 

Disadvantages that are possessed by gaa lighthg as 
well as by kerosene lamps are that inn tokos or other 
means of ignition are required; while giving out light 
they also give out considerable heat; and they consume 
much of the oxygen of the air while burning, a decided 
disadvantage in the present hygienic age. These dis¬ 
advantage have made possible the great Inroads of 
electricity into the domain of lighting. For domestic 
purpose# the incandescent eleetrio bulb is almoat uni¬ 
versally used, and, until recent years, this meant tbe 
common carbon filament lamp -the Edison lamp. These 
lamps are made in various sixes, capable of emitting a 
definite amount of light—tho usual raltd candle-power 
being 16 and multiples of 16. The avenge consump¬ 
tion of eleotrioal energy by suoh lamps, with dear glaaa 
bulbs, is very dose to four and one-third watts for each 
actual candlo-power, so that for 110,000 candle-power 
alrnut 475 kilowatts (1 kilowatt - 1,000 watts) would 
be required. As some shades or frosted bulbs would 
very probably be used in any private apartment or house, 
a mure conservative figure would be 500 kilowatts. At 
10 oents per kilowatt—tho avenge rate charged by eleo- 
tric light companies for suoh small amounts of current— 
this would make a lighting bill of about *60.00 a year, 
062/3 pa cent more expensive than gaa lighting with 
open tip burnen and nearly three times as expansive as 
lighting by keroaene lamp*. Decided advantages are 
realised by suoh a system of lighting, it Is true, but only 
at the ooat of oonelderahle expense. 

In the last few yeen there have been put on the market 
several electric light bulbs that are very muah more 
economist! in tbe consumption of deetridty than the 
carbon filament bulbs—bulbs in which the carbon fila¬ 
ment la rsplaoed by fins wire* of a metal that beoomsa 
Incandescent more easily than the carbon filament Theta 
bulbs, known under various trade namre, rmh tt "Tung¬ 
sten” and "Maoda," consume but about one and one- 
third watt* for each acted candle-power, instead of 
nearly four and one-third at do tha carbon fikmont 
bulbs. Naturally, thorn more sffldent .bulbs greatly 
retinae the ooat of stestri* lighting, so that by thrir are 
tho lighting bffl Wl 10,000 eaadW-pcww f* redoead to 
frpm' *50.00 to $17.50. very doss to the ammo* that 
would be required Air socuring tho samp amount of tight 
from oil lamp*. TMt ia about tho latest thing ia the 
way of deotrie lighting and at th* present time oannot 
ba rery mooh battered uniat* tho pries of oisotrieity oan 
be brought balow 10 eenta pa kilowatt. 

It b cartons to note that «eh advance fat fee art of 
lighting, introduction of a more ocnreoWat and H may be 
assumed more dBctent system, ha* crea te d a vary swUs- 
rialfaowmh tho ooat rf lighting, aahwtvypaymsat waa 

domaadod tor saeh added oonvahioaoe; sad prognat tenl 

haprnvf ant in tbe variona Ughtteff ffilwi harcaayat 


been nnahte to hotter tha tmi of Hritting 

team* ol tettp tptm WhatlateBs 
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Ma« abort fa dffiealt to say, but it wffl In all probobUi- 
tfa« to amarMndustion in the sort of eleetrie lighting, 
th« Mnvwienees, safety and hygleclo advantages of 
whfah syitam makes It rapartor to all others. 

It fa a well known and generally admitted fact, that 
it Would be quite possible to use "oi ty gaa," at Its present 
pefaa. In a gas engine by whioh a lighting dynamo could 
be driven and supply current well under half tho prino 
now bang charged for electricity by the large public 
asrriee companies. Such practice would be entirely out 
of the question for each Individual habitation, or any 
hot a large establishment, on aoeount of the compara¬ 
tively Ugh ooet of Initial installation and thelmpus'ibMty 
of BMfftag the n n osssa r y attendance at any price com- 
awaata with the value of the eleotrioal output. Such 


a scheme would lie quite feasible, however, for a group 
of consumers or a community In whleh the demand for 
light waa fairly uniform and constant, but even under 
suob favorable conditions the experiment would hardly 
be a wise one, as still more economical results could be 
obtained through tho use of oil engines in place of a gas 
engine operating on “city gas.” 

At the present price of kerosene, the fuel expense for 
an oil engine using such power medium would be but 
about 2 cents per kilowatt electrical output, or, If erude 
or fuel oil was used, this would ho cut down to 1 eont, 
or Ion, for each kilowatt delivered by tho elootrio light 
dynamo. Kino trio light rates commensurate with such 
fuel expenses could only bo roalixod In eases where the 
demands for current were pretty uniform and constant 


during certain fixed hours of the day and no current re¬ 
quired during the balance of the twenty-four—the reason 
that the public service companies find It neoanary to 
charge sunh an apparently exorbitant rate as 10 cents 
per kilowatt. This will necessitate comparatively small 
communal lighting plants operated on a co-operative 
basis, for only by suoh means can the true economy of the 
efficient, convenient and allogutlior desirable eleotrio 
light bo furnished to the public at a price anywhere 
near that which the cost of production should oom- 

Tho future soureo of light may again bo from the "oil 
■‘an,” but instead of burning tlui oil, as in the old days, 
tlie more elfioiont method of exploding it in an engine will 
ls> resorted to. 


Science and the Tariff 

Delicate Apparatus Employed in Determining Customs Duties 
By l)r. K. E. I’ickrdl 

Bor few people are aware that science is » valuable same samplo in an atmosphere wlmn. llio thermometer machine known as the Fn-as oloctno-eondilioning oven, 

arafataat to "Uncle Bam" in the enforcement of the tariff n-ads 68 dog. Fahr. and the hygrometer records 07 per The oven is limit of heavy fireproof asbestos wool, 

law* In ascertaining the duties on imported merchandise, eenl. and iU weight would lie incmanxl by 12I.U5 with cliamlier sire 12 inches by 12 inches by 12 inches. 
Mkd that tho application of overy iuiw tariff in iturn* irruiiM, wlifali m oquiviilwil to a yum tiumiwr of . r »7,4. Two hiiuUI riirtnr Itfclita urv plnrori in tin* upper intido 
dependent on science. How many persons realise, Tim uioisturo content would lm Ml.tifi - 1117.53, or 14.42 corniTs ol the chamber, and can ls> turned on or off by 
when they purchase an artlolo made wholly, or in grains, which represented in perremtage of the dry col- a switch-button mi the front of the oven above the 
part, of Imported cotton yarn, or doth, that the United ton contained ill the samplo, is 13 41. It is therefore, H.sir. One of the lights is continuous, and siTves as 
States Qovenunent, in' collecting the duties on that quite apparent that a few degress in temperature and a a source of illuiiiiiiation fur tlic oven, and tho other is 
artlele, took Into consideration thn fact that cotton variation in tho relativo humidity has an ap|ina-iahlo intermittent, and indicates tlm making and breaking 

yarn and cloth are hygroscopic, and the amount of offocl upon the weight of cotton yarn, anil yam number, of the ronlarl of the hint regulator, 

moisture they contain is dependent U|sm the tom- If, on tho day of importation of a consignment of To expedite tho tlryiug, the circulation of histtod air 

perature and relative humidity of the atmosphere? cotton yarn into the port of New York, the thermometer supplied to the oven i» artificially adjusted by moans of 

But few have a knowledge that in the administration registered 73 degrees and the hygrometer rnlumeil a a fan situated in the back of tlie chamber, and driven 

of tho ootton schedule of tho tariff net of October 3d, reading of 48 per cent, its yarn number, as ascertained, by a 1,'Ui horse-power motor, shunt wound, with a speed 

1013, the U. B. Treasury Department has taken into would he 111.3, and tho niiroliaudiHo, uecordingly, rlossi- of J ,1<M). and a voltage of 110. Complete ventilation, 
consideration the moisture content of ootton yarn and lied under paragraph 250 of thn land net as nitlnn to get rid of tin- moisture fnnn the snlislaiieu lieing driisl, 
fabric. Behedulo I (otherwise known as the cotton yarn oxcooding 50s to 70s at 23}<j per cent ml niton m. is obtained by two openings, or vents, one on each side 
sebedule) ef this act provides for cotton yarn and falirio But, provided the lem|sirature and Immidily had ls-en of tlm back of I lie oven next to the lot turn; llnsn open- 
at an ad valorem rate of duty and establish!* tho lines US degrees and 07 per cent, respectively, tlu> yarn num- mgs can he closed, or partially closed, by means of motal 

of demarkations of the various elasaifloatinas, according bor would nnoessarily have lioon 57.4, ami in the elassi- plates which fit over the o|s<niiigH. and an- readily lurnod. 

to the yam number. fleation of the imisirtatinn, a rate ef duly of 211 per The hinting element, which is wound with a high heat- 

In the ascertainment of the yarn number the weight oont ad valorem would havo houn assessed as for cotton resisting wire, is niluated in tho bottom of the chamber 

of the yarn, or cloth. Is one of the principal factors. Tho yarn exceeding 49s to 59s. To avoid those differences of underneath a fire-clay plate which contains numerous 

moistnre content, therefore, bears an important relation classification and assessment of customs duties on cotton holes fur transmission of heal.. Thu regulation device 

to the weight, and consequently to tho yarn number, yam and ninth, due tu variations in the atmospheric is fitted in a separaUi isimiwrlment mode entirely of 

The quantity of moisture ootton cloth or yam contains conditions, tho Treasury Department has drelared that motal, and Inealiwl alsive tlie chamber. Its action do- 

depends upon the temperature and relative humidity of “whenovor tho weight is round within 5 per uont of its ponds on the expansion of the melal luiie threugh thn 

the atmosphere. As an illustration, let us take a samplo given equivalent weight in tho table it will he necessary ohamlier, operating a lever, whioh makes and breaks a 
of 840 yards of ootton yam, which uodnr atmospheric to make further trials of at least four samples, and if the contact, with proper means to prevent anting. The 
conditions of 70 deg. Fahr. temperature and 85 per cent average weight is again found to ho under 5 per omit, the lever is extended to serve as an indicator, operating up 
relative humidity, weighs 116.07 grains. Tho yarn sample must be conditioned; that is, dried to tsine dry- and down a graduated wale on tho outside of the pvon. 

number of this sample is 60, for a No. 1 ootton yam ness, and a regain nf per cent added bonk." The indicator is moved to the desired temperature by 

is a yam 840 yards of whioh, under there atmospheric Bono dryness of tho cotton yarn, or cloth, Is a con- simply turning tho knob screw at the he Item of tho soale. 

renditions, weighs 1 pound, or 7,000 grains, and a No. dltion in which all moisture is expelled, and this is only The even Is also provided with a double window (mica 
90 ootton yam weighs 1/60 of 7,000 grains, or 110.07 accomplished by drynoss to a constant weight in a oir- on inside and gloss on outside), with drop shield, on tho 
grains. In this ssmple the proportion of moisture to dilating atmosphere at a temperature of 110 deg. (lent, "hie »f tho oven, so as to ponnit operator to manipulate 
dry eotton is as B]4 parts to 100 parts, or 0.14 grains to Tho regain of H)i per oenl. added to the bone-dry weight the horizontal rod with fastened hook for removing and 
107.53 grains. would give tho woight of the ootton yam, or cloth, as returning Imskcts from earrior to connecting red attached 

Bxpoas this sample for a sufficient period of time to if It had boon subjected to an atmospheric rendition of hi one arm of tho balance, 

an at m osp here of 73 deg. Fahr. and 48 per rent relativo 70 deg. Fahr. temperature and 85 per cent humidity. To the lop of the chandler is fastened a four-armed 

humidity, and it would weigh 114.10 grains. Its yam In order to determine accurately the Iwno-dry weight, horizontal melnl frame. At the cud or nwh arm Is at- 
numbsr would be 7,000 divided by 114,19, or 81.3. Tho the Treasury Department has recently installed in the tarhod a small pulley, and on thine pulleys moves an 

moisture content would be 114.IU—107.53, or 8.60 grains, United Btatos Customs Laboratory, Appraiser's Ware- endless chain, similar In a bicycle chain. This chain is 

representing 6.19 per eent of the dry ootton. 1*1000 the house, 641 Washington Btrecl, Now York, a type of a moved liv a toothed wiunl on the sido of tho ohamlier, 

which, in turn, is mnvisl by a thumb-screw on the oulr 
sidn of the oven. Ten metal liisiks are suspencied from 
the nliain, and to these are swung ten metal mesh baskets, 
each or which is f» eeulimeters in depth liy 4 centimeters 
in diameter. By the aid of the thumli-wrow, the carrier 
nail he turned, so as to bring the basket* into position 
under tho lialanrr to lie weighed within tho oven. 

On lop of the oven is an analytical balance of 100 
grammes capacity and I/HI milligramme sensibility, 
line arm of winch is attached to a connecting rod which 
through an orifice into the oven. Uy turning the 
horizontal rml which traverses thn rear of I he chamber, 
the baskets can lie removed from Ihe earner and at¬ 
tached to III.. rod which |uuwcs into tho 

lnlancc. By moving the carrier the lutskels can con- 
sceutivcly lie liniuglit into position and attached to the 
connecting rod. All the liaskcts are adjusted so that they 
nisgli tlie same, and are ixpial to the countiTisiise whicli 
is suspended from the otluir Mm of the lialannu. 

In the conditioning of the samples of yams and fabrics 
weighing 1,000 grains and lens, this oven imhmihsos the 
following features that ora superior to other conditioning 
ovens, Isilh cleetrin and gas, that are now used in the 
textile trade: (I) It occupies a small space, about three 
foot square; (2) a oonstant temperature within 1 deg. 
Cent, scale can bo maintained; (3) ten samples eon bo 
conditioned at one time; (4) an analytical balance with a 
maximum load of 100 grammes anil 1/11) milligramme 
Um ffn faa a 4— fftssalh fant -f sw sr as*or miseirt by a belt with the fan sensibility can he used for weigliiug the samples within 

wkkfa MrtrtthM a (iratfatUl atmas p kare within Um srea. the oveu. 
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The “Viktoria Lulse” >u formerly a Zeppelin passenger airship, but ia aow a war craft attached to the German nary, kaowa aa “LZ-IL" She waa cm plated 
la 1911, to 483 feet Iona, with a fu capacity of 884,000 cubic feet 


The forwent rnr cerrtce propelllne eodsea, the pilot, and obeerren. The rear car alao carrlaa propaUnf epflnea and roatnea (or lapplflni electric lighting. Theee can era coaaacted 
by a tianawHy with the central cabin, which baa a considerable carry',na capacity, naan renacla oiustlj travel at a balfht of 8,000 feat, to avoid aatl-alrcrart (ana. Iht (Teatoot 
height reached bj a Zeppelin la 10,400 feet, and It required an hour to reach that deration. 


An Airship in the Field* 

A Personal Narrative from a German Observer 


“tip tii iiiiw tin* uirnhip brunch «f the [(IcrniaitJ mili¬ 
tary nervine ban born particularly nili-nt cmicrrmug itn 
doings, but there ia no doubt that it will perform a tn>- 
niondoua work against the enemy. There ia good ground 
for belief in the effentivenenn of thin weapon, in which— 
even our enemies acknowledge It Herman energy and 
thoroughness have nurpasned all opponents. Although 
England and ftunaia completely, and the French in a 
slightly leaner form, denied the utility of theae air- 
cruiners, nlaiming that they eould eaaily I mi put out of 
aetion, yet to-day they undoubtedly nail over the linen 
and fortrewen of the enemy. In spite of tlielr alxe and 
the slowness of their flight they are less vulnerable than 
the aeroplaws, Wauae even many hits and the Urns of 
several people does not essentially damage the great air¬ 
ship unless miller exceptional eireumstanees. 

“The acenunl of a long journey was relat'd by a Ger¬ 
man airship oflleer le an Austrian reporter at the time 
of the first great liattle on Polish ground. ‘We were Cl 
hours on the way, doing 700 kilometers, ef whieh Wkl 
kilometers was over the oimmy'a country. It was still 
dark when my man woke inn in the morning. In ail 
Imur's lime we bad sighted H - , while 2 hours later 

we omeawl the frontier. Wo went at 2,UU0 meters. 
Cteiuitoehowo lay outlined bolow us; tho Warts twisted 
in its marshy course among tho hills. For 100 kilometers 
we followed the railway to Kiolcc, and saw soldiers mareh- 
lug along half of the distance undor us who were either 
Russians or Austrians. We threw down friendly greet¬ 
ings and tumid to the north-east, the railway showing 
us the way. The forts of Ivangorml lay like small four- 
cornered cubes round the fortress; »u turned away frmu 
them. The heights of Radom were crowded with sol¬ 
diers. 1\ was obvious that the Russians were in strung 
force and were prepared to receive the enemy. 

" 'Our appearance created huge excitement among 
the great gray patches below, which were the regiments; 

•Tbts nairwttve sod the acnimpanylng Ulustraltons are derived 
from Tht Sphen. Union. 


thousands of white gnn|siwder smoke rainc puffing, only 
Visllile by the U'lnwnpo. Near I/ublin there was firing 
from large mosses of lnxi|is, who covered the whole level 
plain to the honuin. South-east of Lublin infantry 
waa forming, quite visible though small, with artillery 
in front. The smoke from tho cannon rolled Itself into 
a ball, and for the first time we heard through the noise 
erf our own motor tho detonation, though very faint and 
far off. I was in the liark gondola; it sounded like the 
rapping of one's knuckles against a wall. Then, again, 
right undor ray feet, llm bullets hit but recollod harm¬ 
lessly from the metal covering of the gundola. Then a 
bullet went by my ear, into the outer eovering of the 
balloon which hung over our heads like a gigantic silver 
roof, Imnd a liny hole in it, ripped a strip of the inner 
lining, and lost itself in llie hydrogen. 

“•Bullet now followed fast on bullet; we ouuntod 
twenty-live hils, twenty-five holes through which the 
gas cseapod. also tlm shells came nearer, a splinter fell 
in our gondola like a stone. A telegraph message come 
from the front gondola, “Full speed!" All four motors 
drove. Then eamo the order to patch wliat needed 
patching. Swinging iMitweon heaven and earth we ro- 
painxl what was possiblu to repair. As the sun was 
sinking we landed among the vanguard of our friends, 
gave our report, journeyed on again, and endod in the 
Austrian headquarters.' 

"Ho muoh for tho information-gathering journey. 
Originally the Idea had been to cause destruction to 
fortlflid places, but now it has also been found possible 
to be useful against the armies in llw Reid. As to its 
effect on towns, we know a great deal from actual 
wilnosseM in the bombarded towns. Liege, Namur, and 
Antwerp were the first towns to make w-quointance with 
the fear of the air, and undoubtedly the moral impression 
of these visits hastened tho surrender of all these towns." 

A cltiaen of Antwerp relates the following; "I was 
awakened at 1 o’clock by the tremomlnus humming of a 
motor. It oame from above. I opened tho window 


and saw to the south over tlm railway station a gigantic 
being, which threw a stream of light on the town. Then 
followed a noise like muffled bells and a clap of thunder. 
Again a stream of light, and two aeoonds later a sound 
aa if two goods wagons had crashed against one another 
with terrific force. Then followed, thundering from the 
guns of the forts, rifle-fire, and between them the bombs 
of the German airships. The inhabitants ah streamed 
Into the streets, men, women, and children. In their 
night clothes, wandering from one corner to another, 
seeking safely, for at first the people thought the bom¬ 
bardment of the city had begun. 

“That was tho beginning. Hiuoe then Hie methods 
and the weapons of the airships have bos* hptMparily 
perfected till tho early work stums merit-ekAd’l play 
oompared with tho dintruotive power of the present 
weapons. For example, at the visit over Ostend, while 
it was still in tho hands of the English, the projectiles 
produced frightful destruction. ‘It was,’ so writes the 
Antwerp MttrojuAe, ‘a quarter to twelve at night, while 
Ostend lay in tho deepest darkness, that a telephonic 
message from Thourout informed the commandant that 
a Zeppelin was passing in the direction of Ostend, and 
a few minutes later one eould hear the fearful hum of its 
engines, 200 meters above the roofs.' (Tho witness waa 
deceived over the real flying height of the airship, but 
the night is naturally not good for such observations.) 

"The Zeppelin turned its searchlight on the sea ooast, 
tlien took the direction of the railway station, and soon 
four fearful detonations tore the atillnem of the night. 
The citizen guard of Ghent, who were oooupying the 
station, fired twine with the guns, but with the swiftness 
of the wind the airship disappeared into the wight The 
Ant bomb had torn a hole in the Boia de Boulogne more 
than 32 foot in eireumfwenoe and 16 feet deep. The 
others had produced ‘fantastio destruction’ near the 
station, but had not actually hit It. Pitted out with 
more raaohlna guns the Zeppelins are also unpleasant 
opponent* for the troops." 



uml daiimsk Is (lie effect of a crystallisation, produced 
by relented cooling of the heated uietal; yet, not hav¬ 
ing llw menus of producing u dHniHHk eqtiHl to tbe 
ancient cork of Asia, they cannot estHbllNh Ibis ground; 
ultlHingh they have before tlielr eyes the laws of crystal- 
ItsHtlou discovered by Hie mineralogist Hatty. 

If crystallisation generally Is but the result of tbe 
structure of bodies, under certain physical considera¬ 
tions, tbe question follows, wherefore In the damask Is 
It not the result of a similar earns; and m common steel 
ncqulree no visible damask by gradual refrigeration, la 
not this a convincing proof that the composition of 
ilsiimsk differs from that of ordinary rteelf If chemical 
n mi lysis fulls te discover that difference, we can only 
Miiiciniie Hint It answers not Its cod. Tbe researches 
»r metallurgists (rod of artificers, who hare bean at 
pains to tiiske the dnntnsks, and to Inform themselves 
of Hie undent art, bsvo made no dedal re progress. I 
have seen no damask of superior quality wrought fat 
Europe; sud that which has been written upon tbe 
subject gives no sutDcleut light; for I have found In no 
treatise upon tbe damask any provlrion for perfecting 
tbe iteeL Thus, on one hand, tbe Impe rf ection of our 


chemical knowledge, and on the other, the difficulty of 
fsbrk-Ntliig the damask, leave Europeans still In uncer¬ 
tainly hs to Its merits. Many scientific men, relying 
iiiwu chemical analysis, refuse credence to the superior 
qualities of the darnaak; while amateurs, who bare any 
knowledge of tlie subject, set as great value upon It as 
do tbe people of tbe East and willingly pay CM) and 
upwards for tbe best *w«e blade. 

Time out of mind tbe damask hat been used In Asia; 
and to ibis day It has loet nothing in price. Werertbe- 
>ere, the Orientals, although leaa advanced In knowledge 
than ourselves, could not be deceived throughout tbe 
course of ages, upon tbe merits of objects purchased 
only at a very Wgb price. 

All steel which axblblta a surface figured with dark 
lines la called damask. 

In some of tbe redone kinds of steal tbeas figures 
appear Immediately after burnish!ns; while In others 
dilute arid la neceaasry to bring them out Tbe juiess 
of plants sod ordinary vinegar snffice for tbla effect 
Tbe process <if hrluglng out the figures of atari la callad 
corrosion. 

Tbe dai 


which appears 












■tael Ih very various; nevertheless this damascene does 
lint at Iona confer upon steel tbe tltlo of dam**; on 
ordinary at eel, similar figures umy be brought out by 
HubJiK'tlog It to corrosion, after having designed upon 
It tlH* Ogurv* required; but whatever pallia may lie 
iHlcmi to make aucb raa e mble genuine dinnaak, tbe eye 
of n connoliwur eaally detecta tbe counterfeit without 
examining the quality of the metal. Hence ha a arlaon 
the epithet of "fala* damaak." 

A aeoond kind of damaak exhibit* alao an urtlflclnl 
damaacone, which, nevertheless, la peculiar to the rnetnl 
ltaelf, ao that, bow oftenaoever It I* rcpollabed, the aauie 
flgura will reappear whenever It la aubjectod to corro¬ 
sion. Thla damaak la known aa “artlflclnl damaak." 
It la compound of aeveral aorta of ateel Interlaid with 
Iron. The twenty of auch damaak la varluua, anil con- 
alata partly In the quality of the aeveral materials, 
I tartly hi the aklU wllh which they nrc worked together. 
TIhwo artificial damn aka arc chiefly wrought In Asia 
via., India, Turkey, (lenrghi; bnt the nrtlflclul damaaka 
of Kurofic have attained aa yet no great repulntlon, be- 
cauae the Kuroponn workmen are more Intent upon 
producing olegnnl figures on the ateel than In Improv¬ 
ing the metal Itaeir. Thun the artificial damaaka, aa 
those of Snllnger and Kllngenlhal, although exhibiting 
tlie damascene, have not the flgurea characteristic of 
Muperlor metal. 

In fine, whatever may be tbe Imanty of artificial 
damaaka, they will not bear comparlaon with good 
natural damaaka, for, If filed, the dnmaaeeue doe* not 


reappear. 

The natural damaaka of Aaln differ front the artificial 
lu tbe reappearance of their Inimitable and (so to 
apeak) Innate dantaacene, aa well aa by tlie faculty 
of reproducing the lame damaacenc after having been 
filed, If tbe conitltaent particle* ramulu uncltatigeil. 

In Alla we obaerve many kinds of damn*. The dif¬ 
ference between them depemla upon tbe placet In which 
limy have been wrought, the manner of Uwlr fabric, and 
(lie varlotu qualities of tbe material. Those moat In 
use arc known by the names of Dnbnn, Kant Daban, 
Klwruaaaun, Kara Kboruaaaun, Gnndy, Koum Qnudy, 
Neurla, and Bcbauui (Byria). 

Tlie Orientate judge of tlie goodness of tlie dnmnak 
by Its figure*, by the color of tbe ground (Hint la, I lie 
Intervale between the figured lltvep), and liy tbe play 
of coktrn. They coualdor the Dabau and Kboruaaaun 
(to Ihe latter they sometime* add Kara or black) to be 
I lio I teat blades. Tbe Baba urn la the leant esteemed. 
Tbe constant experience of many years assures me that 
tbe marks upon which the Orientals found their judg¬ 
ment of the goodness of tbe dama* are a more certain 
criterion of the true quality of the metal than all the 
testa to which It Is subjected In Rurope. 

As above stated, the flrot and most saaentlnl sign or 
the dama* la Its damascene. In proportion ns It Is 
thick, defined, fantastic. In the same proportion I* the 
quality of the metal fine. The thickest damascene Ih 
about the else of tbs not* of music, tbe middling ns 
large u ordinary print, and tbe finest Is that which 
we can just follow with the naked eye. As to the 
method of recognising the quality of dams* by II* 
figures, mid lo the reappearance of the damascene, al¬ 
though they depend upon Invariable laws, It wort easier 
to gtat n Mm * ggagtas than by staple dsseripttoo. 


Nevcrllicliw, It may not lie useless here to ndd certain 
direct Ions upon tlie subject, which are not founded u|xni 
practice alone, but proved by tho procure I employ In 
l be fabric of damn*. 

fdke written characters, tlie damascene consists of 
polut*, of right Hugh, and curves, which servo to dis¬ 
tinguish tlie quality of tlie damask, aa follows: 

1. The danmscono formed principally of right line*, 
almost parallel, donotea the lowest quality of the 
dama*. 

2. When the right lines become alerter, and arc 
partly replaced by corvee, they denote a hotter qualify 
than the first 

3. When the line* are Interrupted, ahow pollile, and 
when the dimensions of tho enrvee Increase, this Is still 
ii better symptom. 

4. When tho lulerrupled linos become still shorter, 
or rather, when they change to points, a* they IniTeuw 
In number, so an lo form In the breadth of tin- steel 
here end there, us It wore, note, Interlinked by threads 
which undulate In diverse directions from ono net to 
the other. In this case tbe damask approaches perfec¬ 
tion. 

Klually, when the nets alien farther to form figures 
resembling grapes or whan they occupy tho entire 
hreadth of the ateel, and partake It In nearly equal 
articulations, In that caae tho dninaak may bo recog¬ 
nised aa of the hlgheet posalble quality. 

Anolticr feature by wlileb Ihe qunllty of iliimnsk may 
lie understood la the hue of Its ground. Tlie deeper tlie 
tint, Ihe more perfect the metal. The ground nf the 
damask may be gray, brown, or black. 

A third feature Is the play of colors upon tlie metal, 
when Its surface la subjected to an oblique light. In 
observing many thus, we perndve that some among 
them shnw no variation of tint, wlille others take n 
crimson or n gulden hue. The more perceptible thla 
piny of colors, tin* finer Ihe quality of the damask. Nev¬ 
ertheless, thla teat Is affected by tlie degree or corro¬ 
sion. Wbon the rorroalon la very great the piny of 
color I* not observed. No «rl can produce the red 
line npon Inferior damn*. Therefore, tlie diiimi* may 
lie divided Into two distinct clarecs— via, that which 
has ihe red hue, and that which wants It. 

Wlieti the three characters above nolcil are found In 
union mill at their maximum, we limy nnifiilenlly pni- 
iiouucu the damask to bo of the most perfret kind, 
which will In no cnae fnll of tlie following iiuiillllea: 

Perfect malleability and dnrtlllty. The hardest |sis- 
slblc subetance after tempering. The kecneat nud 
firmeat poMlble edge. And elasticity, when properly 
tempered. 

The other darns** pn*es* various ilegrecs of per¬ 
fection, according to the three nlwve-iminevl qualities 
are more or lew remarkable, 

Among damn ska of Inferior qunllty limy he found 
some Inferior to enat steel or medium iiunllty: hut It I* 
not known that the beet inst steel inny nniipnre vvltli 
the IIlicet damask, Comparative proofs have convIm-cd 
me Hint the damn* offers tlie lilgliest possible [verfcc- 
tbui of steel, and tlie relations we receive from those 
who linre visited JapHn, the Indies, Persia, and Turkey 
are not so exaggerated as many supissve. A well-tem- 
Iaired ubor of good damask will naslly sever bones, 
Iron nails, and Urn moat filmay kerchief aa It floats la 


the air. Hill I must beg leave lo doubt I lie |a>sMildllly 
of IHjrforiiilug Hlmllnr reals vvltli similar case with 
Kunqieuil 1 >Iii>1x-h, such as tlasm of Kligcnlhal, ns we 
are nsaureU In a lute pulilleiillou; for I am persuaded 
that the libidos of Kligeutbnl, of Bollngcn, ns well na 
those of Klntonsle, of slmllnr leuqier to good damask, 
ciniuot Is* compared wllh the latter, whether In islgo. 
In solidity, or In elasticity. 

Tho eiuploymoiit of damask might, 1 think, be ex¬ 
tended with nilvittitngo not only to the fabric of anus. 
Iml In general to every steel article requiring edge or 
solidity. 

NOTH B Y CAW. AHIklT. 

So fnr Col. Anossoff, u man wli.au* researelios In 
this depnrtmeut of science hnve enabled him to revive 
the tin turn I damask In a ilogree of perfection which I 
hnve never observed In the workmanship even of tlie 
ancients, nud which eerlnluly cannot he nppronclied by 
fabrics of any Knstern miHnu at present existing. 

This, II will lie allow 111, Is very high authority; Hie 
limn* o«|avlnlly iin Ihe Itusslnn collcetluna exhibit prob¬ 
ably n greater variety of dnnmaka Ilian those of nay 
oIImt Kuropenn nation. And lo differ In any point 
with Hiieli an nutluirlty may not only seoin presunqs 
tviiaia, but may absolutely Insure the rejection nf uiy 
opinions as futile. Nevertheless, as I hnve taken upon 
mo lo reprint his valuable remarks In n work of my 
own. It seems hicmiilient upon mo to ndd to tliem some 
of the results of my own experience. 

The blade known In Khorussnnn as lh« Khoriissnnnle 
libido has ii very dark line, betraying n steel highly enr- 
Iionised. The figures of Its damascene lire very curi¬ 
ous, and I despair nf giving any distinct Idea of them 
vvllhmir the aid of plntes. 

1. The kind least esteemed Is a light gray, having ■ 
granulated surface, the s[si|s nf wldeli are rather long 
In ihe course *>f the metal. This kind Is also forged 
at l.nlHire and Hlmco. 

2. Tbe second kind has n figuring of coarse dark 
lines U|nn n gray gniutul. these lines exhibiting figure* 
almost precisely slmllnr lo Hie grain of n young oak, 
when Ihe oblique ws-llon lias linseed near tbe miter of 
the trig*. 

:t. A third lias (lie slime gray ground nud dark, Ir- 

dlsposed lu iniin*iilrle flgiino. Iml have vnHier the 
iipiN'iimnei* of I Issues or vvlie, nmiilng Inin every s *r- 
lienlliii* shii|S*. 

an* finer, and the figures more uniform In their Irreg- 
nlnrlly. forming honsigencous masses, so to H|**ak. This 
Is the kind most highly esteemed by the peopla of 
Khonissnmi It vnrlc* greatly In henuty and value, 
and iiih}’ Is* purrlmsed at from ffi to INOO 

fi. A fifth kind exldhlts n si-rles of articulations, of 
vvhleh I have ■■minted thirty.six In n sword-blade. 
These nrlleiihilloiis, or knots, are formed Ivy dense 
musses or nenrly parallel lines, illsiinxcd lengthwise In 
Hie blade; Ihe imisses running Into one Himther. At 
tin* Junction lliey are excessively fine. On turning the 
hlndc. It will be found Dial each Junction on tlie one 
side corn*K|*iiide with Hie miter of a imirw on the other; 
n proof tluit tlie blade liml Isfn fonneil of two dis¬ 
tinct lamina* welded togetlier, and a Htrong presumption 
that tbe artlcuUtloM are artificial, and that tbe jmte- 
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I lf)iui uro luiisldcrcd by tbe workman ns tho wank point* 
■if llie steel. Thin 1 m certainly tho inoHt boiiulirul vari¬ 
ety of KlHinnsiiiuil" blndu; but l huvo not observed 
that It la oo highly osIocjik-iI ah I lie floor klnilx of tin- 
foregoing variety. It vnrloM grontly In quality, tho 
finest IIiiis denoting Ibnt which In ctiiiMltlorotl bent. 

All thono blmli'H, when attentively Htriillnlaxl, will 
In- foiintl to pnHMoHM n renin tbiwo tho buck, betraying 
the welding of tho ilnnhlc pinto »f which tlwy nro coin- 
INireil. None of them ikinhohn miy chiHthity. Tliey 
will either hrenk nbort, like ciini Iron, «r lietitl like 
lead. I have never nhrervnl In Ilk' liner klmlH liny 
auporlorlty In edge over tlio obiHtle blade of tJemmny; 
but tlio Inferior kind, Ining often more highly leiniwroil, 
nro keener mid iery lirlllle. Their alui|>e In h simple 
and often abrupt wedge, tbe very worat «lmpo* for 
culling, owing to the grout friction which tbe Up* of 
Hie wound exert u|xni the sides. Their flgnre Is too 
crooked for defense. They are not adeemed unlove 
n eat can wnlk under tile curve wlien plneed edge up- 
wnnlN on llio earth: nellher In thin degree or enrve 
Hiilllelenl Lo confer grcnL value, iiiiIcnn It Ik- clugnnt In 
ItH grintnlloiiH The algo In generally nhhiRO, and 
HceiiiN formal rnllk-r In hear the Rlinck with armor nnd 
n llli oilier lilnilex, Hum In cut deep. The breadth 1 b 
N oldoin grant, but they nrc llilek nt tlio Imck, nnd 
nlwn.vH lll-|KilNal. The bent lire from iRfiihniin: but 
I unileratiind Hint llie art In iiIiiionI IohI, even there. 
Tin* licat 1 have ever noon I bore iih ii pn-Nenl from tho 
King of KhnnrlHin lo the Kni|ieror of IIiimmIi). It* 
ground wiih a gmylKli axure, In which llie Hoe* were 
iiiiwt, dellentely trneetl In eoinewhiil darker dye. It 
wiih not Brtleulntal. Tho hm-k hnd n eonroe oenni 
llirongliout IIn extent, which had been no Imperfectly 
welded tI ih t Hie blown of tin- Kiixximk elillw opened 
II. Tide warn In. I think, Invariable In the liner Tsh- 
riihniiule hladea. I believe the object of it la to lie 
twofold. In tlio drat place, to have an large a surface 
UN iNHCMlble purified h.v the notion of the hammer: and. 
Hccoiidly, hy doubling back llie plate, to reotira an 
edge free from wiry particle*. Tbe blade III question 
hail very IIHIp olaellelty I have never neon a Klinni*- 
«ninle NHlier pointed with a double algo. It In true 
that tlio hlMde la too emoknl In la> used In thrusting; 
yel I have neon Damnum* liludex apially erouked, tlrnt 
hail Hie double-edged point. 

Tbe dagger* of KhnniMNiiun are * anew lint different 
In water or dnniBNi-eiie from the Nuhera of that country: 
grantor euro oeeina to lane been tnken In the process 
Tlio line* npon Ilian run Intn the mo«t dellente nnd 
lierfwt eplrnlN nnd mlmile curve*. Their appearance, 
t Nhonld nay, offers ehuudant evidence nf their being 
forged of mlxal metnl*: probably they are bnnrtlea of 
wire*, of aplral forma, welded together In a maaa They 
are generally or the moat elegnnt flgurea, aeliloni iloiihtp- 
algal, probably from the auperalltlon h gainst thin figure 
prevalent nt Khiva, where the dnnhle-edgal dagger la 
rellglonaly dlanacd, beeauae Unrein, tint non of All, wna 


•loin with a double-algal knife. Tbe point la generally 
triangular and tapering, serving well to force the link* 
of cluiln armor, which wna once commoner than at 
present. They have, however, e double-edged dxggat 
culled Kliunjn, which In worn lu Persia, although the 
laxiplo being Rhccelw, are no much more Intoreetod In 
the fate of lluaaun and Iloaeln. 

One of the |n-cullaritlM observable In nil good Kbor- 
UHNnunlo blades In tliat toward the edge the hoe of 
Hie alcel Increase* in depth, betraying more Htrongly tbe 
presence of enrbon; n fact which proven that a mixture 
or mntala was employed In this species of damaak, tbe 
liiinlar (llofMjaed toward tho edge of tlie blade, tbe 
less brittle at the buck, with tho view to combine tho 
greatest kocwiose of edge with tenacity to resist con- 

CIIHHlOIM. 

In CTol. AiionooITs Oriental nomenclature occur several 
nnnicN unknown, I think. In Khorussnun and India; 
for Instance, llahan Gundy and Neurls. Ilpon these 
I can, of eonroe, offer no remarks. Rut with respect 
to Hie hlndc of Hehaiim, I know not how tile Tartars 
dwelling In Ituoala may npply the epllhet, but Its real 
iiiul original mennlng la tlio blade of Damascus; a city 
which hna given name la all steel fabrics exhibiting 
ii|Min tlielr surface wlmt Is termed water. It la true 
Halt llie arl of damascening seema In tho present day 
In In- bmt nt iminaneua, nnd tbe blndos forged In Hyrin 
limy, therefore, deserve the contemptuous estimate 
which Ilia Turtnro of Ttunda seem tn entertain for them. 
Rut there can be little donbt that of nil wnterad blades 
llie Damascus blade was tbe most perfect, and the 
only blade of tills deaerlptlon, nnrfenlly forgod, that 
bad any elasticity. 1 confess I have never met with 
an elastic Damascus blade: bnt there seems to be atif- 
lliient evidence that the nnclent fabric wa* elastic. We 
read nn absurd account of a Damascus Made, niqier- 
lalnlng to the celebrated Knllph Haroon ool Rnsheed, 
an elaatlc, that the monarch uaually cnrrled It colled 
tip like a wntchaprlng In his turban, nnd trnvelera give 
frequent testimony tn Its elnstlrlty. As few Asiatic 
swords sre flexible, the Idea could not lutve entered 
llie mind of nn Asiatic without some foundation In 
fact. And ns European travelers would naturally, 
Hfter the fashion of their people, lest nay sword brought 
for examination by landing It they could scarcely 
have fallen Into error as to the elnatkity of these 

A blade tliat was III my possession, essentially dif¬ 
ferent from those of Khornmnun and tndbi In figure 
nnil Iexlura, nnd wrought In Kgypt, probably hy Ryrlan 
workmen, exhibited Die most exquisite water, and an 
edge Huit I have never seen equalled; but, althongh 
not brittle. It wna nnelnstlr, It* strncturo could scarcely 
la* nunbilled to the natural nrmngemont of fiber of the 
si eel In the process of crystallisation. I have no doubt 
that the blade of Damnseii* wa* nf this character, 
though probably In the present fnbrir Iron hns been 
suliatltnled for soft steel, nnd thus the elasticity Is lost 


it Is to bo observed that net bladis an —eMly so 
massive as to raodar elasticity a matter at Uttla mo¬ 
ment, aa tliey will not ahlver In any woe—Ha, —I 
scarcaly any force to which a saber la liable will ma¬ 
terially Impair their itnlghtoeea. Tbetr color la a 
very pale non. The streaks art delicate, iltpnHj 
wared, and curved, mocta fainter thin to the Khono- 
saun blades, nod appear to-be brought oat without aid 
of adds, by tin mere action of the atmoaphera Noth¬ 
ing that I bars non approaches In beauty tp tbeae 
blades, or In firmoem and keennere of edge. Tbe people 
of Khorumaun term them Marie, that ia, Bgyp- 
tlHn, nnd bellev# that they will oarer steeL The ktag- 
doms of Egypt end Syria baring tor soma time bean 
under one role, I bars little doubt that whatrrar art 
of damaoconlng remain* in dthar land will at pfeaont 
be found at Alexandria and Cairo. 

llie streaked damaak, spoken of In Ool. tnoeanlfa 
memoir, I have not noticed, because I do not oonodre 
It to deserve the title, being a wretched Imitation of 
the K Iwinnow an blade. 

The Russian damaak, mi tbe contrary, (Uncovered by 
my friend Ool. Anosaoff, la natural. It la a peculiar 
modification of cut atari, by which It la lmprereed with 
a peculiar cbnrseter In Its i-ryatalllaatian. Which char- 
nrtor betrays Itself when tbe corrosion of adda, by 
acting inora violently between the IntersHcea of tbe 
Nlnuiure titan elsewhere. traces oot tlw arrangement 
nf tlie crystals. This property Is eornmunlcnted to the 
da mask of Zlatoust hy a process, landing to perfset 
the quality of the steel, and to liuprene upon cast steel 
Urn elastic properties of a softer material. The general 
fault of European hlndc* la that being forgod of shear 
alcel for the sake of elasticity, they are scarcely sus- 
eepllblo of the keen edgo which mat steel will eesoma. 
Tlie genliiN of Anoesoff hns triumphed over this ob- 
JiNilon, not In hnrdcnlng the soft steel, but In giving 
elasticity to the linn]: and It may be donbted whether 
any fabric In the world can compete with that of Zla¬ 
toust In tlie production of weapons combining In an 
oqunl degree edge and elnatlelty. The water of this 
variety of dnmssk resemble* most tliat of No. 0 of ray 
lint above. It la a aucewwlon of small bandies of almost 
parallel linen, occupying the whole breadth of the blade, 
tho end* of the bundles crossing nnd mingling at the 
point of Junction. T hove called them nearly parallel 
line*, because such they are to superficial o ^ Osrvstkm. 
Tliey ore. however, n aerie* of minute curve*, forming 
together line* disposed In bundles articulated together, 
and dividing the length of the weapon Into many 
sections. They have not the regular articulation of tbe 
nrflenlated Kbororeaunle blade, but their IImb are In¬ 
finitely finer. I hare seen several, which were con¬ 
demned for Insufficient temper, submitted to the action 
of tlie engine by which they are broken. The Madca 
were bent double and bark again several times ere they 
eonkl he divided. The red hue observed upon damask 
blndcs I have seen only on thane of SOntooet 


The Reaction of the Planets Upon the Sun—II* 

Influence of the Earth and a Study of Sun Spots 
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Tman-Null is in u way Itai Iwh-iiI ifiil. We had IiuihnI 
lo find only a small influence nnd we llml one so deeideil 
that there la lilile room Infl for llie oilier planets. Ao- 
eurdingly. Neareli lias lHs<n justly umde Tor other pruurs. 
We may, Tor instance, i«mi|uiri'-- 

(1) Only the areas, in the easl and west lialvos, of the 
groups nf long life wliieh have ts'eu eompletely fulloweil 
itcniKN tho disk. Here, again, without exception, for 
»ll symmetrical point of xoncs, the advantage reumiaa 
with the eastern lutlf of the disk. 

(2) Wo in*y retain (inly tho groii|M of long Wo seen 
in more than two hucoonnIvc rotatkins. nogicoting the 
flmt and IohI appearance*, keeping only tho intermediate 
appearances. It is ovldonl that in this way no appear¬ 
ance nan lio omitted or flclltiuua dlxappeoranno be re¬ 
gistered. Despite those Hafoguords, the oastorn porliou 
hi ill retaiiiH its advantage lu the proportion of 19 parts 
iu 100. 

fll) Wo may substitute Tor the spot statistics those 
obtained from the protuberances observed on tbe east 
ami west limlw and hoc if tho protuberances show the 
same Inequalities in activity os do tho spots at the limb 



The protulHTanees, wo hove wan, follow more or low 
cIohoI.v the solar cycle in their development. But tho 
methods of iilauirv alirni for the protuberances is quite 
(lilforent tlutn for the spots. Mrs. Maunder found no 
suflleicntly complete and honiogenoous sen os of oboerva- 
tiona of tho protuberaiK-es for the interval 188fl to 1901, 
which her spot stalialioH covered. Thu studies oT TUooo 
at Catania, howover, cover well the Interval between tho 
but two spat maxima. Diagrams made from this data 
show that from 1802 to 19011, during Hun dnereaso in 
spot numbers, the eastern limb hod nn the average more 
protuberances than on tho western Umb. The opposite 
condition hold from 1000 to 1904, but after tho spot maxi¬ 
mum was /cached in 1905 the eastern limb again regained 
its ascendency. On tho average, tho oastorn limb main¬ 
tained a superiority of 1 to 2D, low constant and lew 
marked than in the ease of the spots, hut in the some 

Deslandres has recently pointed out a droumatoncu 
which may render the protuberances more easily vWhla 
on tho east than on the weat bonier. The sun, which 
wo have reason to believe fat eke trifled at its surface, 
must by It* rotation create a magnetic field. The wry 
mobile protuberances would be disturbed by tldf field 
so aa to lie bent at their upper part in tbe direction of 
the rotation. An ohnemr would then not he In so tm- 
pvtUl petition relative to tbe two Umbo of tbe urn. 


He will sou better the oncoming protuberances which 
would be bent toward him than the disappearing ones 
which would he bent away. This hypothesis seems to 
be confirmed by the deformations end velocities of tbe 
protuberance*. 

A similar explanation is not so easy in the case of the 
spots, la order that they may be more easily visible 
on the eastern than on the western Umb, wo may suppose 
that they are folio wed, bnt not preoeded, in their general 
rotation by soma kind of a cloud. Each spot would then 
have Ha etoud, allowing tho spot to be span as it ap¬ 
proached but hid more and mare as it departed. 

This explanation is not very oonvineim. In order 
that tho cloud have an appreciable effect upon * great 
spot it would have to be at quite an elevation, and tt is 
difficult to see how it would escape observation at tbe 
border of the sun. Its influence would not be felt 
except toward tbe end* of the spot's transit, and we have 
seen that the inequalities an noted ia tbe aeon re¬ 
in all pain of symme tri cal acmes. 

(4) Then remain* one more test which w# most aoi 
neglect. We eould net pretend that tbe earth olons has 
such an influence upon the sun. If it is effective, toss 
tbe other planet* must be; and there are apparently 
time, Jupiter, Memory, tad Yemw, wtteb should he 
even more affective, How can we assure o—rtm to 
tide matter! 
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iMiHni or m m ohwim. 

Hi* problem had already been attacked long ago by 
De la Rue, Balfour Stewart, Benjamin Loawy, astrono- 
Mwa at the Kew Oboerv story. (free. Boy. &oc„ p. 
HO) 1878). Aa the obta ra tlc ui never related to but a 
:Hf of the (on at a time, H wan ooneiderod neeenary 
at the atari to determine and try to eliminate tbe tn- 
Ibn which tbe portion of tbe obeerver on the earth 
mWkC'han. The two foUowfog eoodnslons reeulted 
h im the p r e limi nar y examinat ion* 

(a) Upon tbe hemisphere visible from tbe earth the 
maaaamaoeonptedby the epote lnereaeee ae tbe dlatanoe 
on either aide of the central meridian ineroaeoe. 

(t) The (potted sortace on the average ia greater on 
the weatem than on the eaatern half of tbe visible dink. 

The aaeond conclusion of tbe Kew obaerven is at 
variance with that of the more recent investigators. 
However, the year* examined In the two cases have no 
part in common. The date used by Mrs. Maunder 
waa to mneh more homogeneous and abundant that her 
oonaiusloni ■ tumid have greater weight. 

Having oompleted their first examination, the Kew 
observers considered how to comet their data for the 
position of the observer. Toeyoonld then, for any planet 
whatever, P, compere the hemisphere turned toward 
tbe planet P with that tamed away. Relative to the 
circle limiting these two hemispheres, any other planet, 
P', could have any possible position in its orbit. It 
seemed right to admit that. If the interval oumddered be 
long enough, the effect of P' would be eliminated and 
the effect of P would besoms evident by eumparmn the 
conditions on the two hemlspheree. 

It was found thus that the spotted arese tend to in¬ 
crease opposite to Mercury and Venus. Jupiter, upon 
which the greatest hope was placed, gave no definite 
result. 

The work of the Kew observers bee lieen rather 
severely oridoited. The interval used seems too short 
for assuming the proper compensations, and the gaps 
in the data are considerable. The choice of the material 
selected has not always seemed justified. 

nnssABCUM or sohustxb. 

In a recent memoir (Prec. Ray. Roe. 8GA, p. 308, 1011) 
A. Schuster considered It advisable again to take up this 
problem, using the Greenwich photographs for the yeare 
1874 to 1000. He considered only the births of spots 
lasting over the Interval between the plates of two sno- 
oetdve days. He excluded, as more subject to error, 
those births whinh, seen from the earth, appeared at loss 
than 90 degrees of longitude from the eastern border 
There remained 4,271 spots to consider. 

For each planet P, the sun was divided into 12 orpin n- 
lent vertical tones. Tbe solar meridian passing through 
the planet P formed the boundary between the none* 0 
and 7 on the hemisphere toward the planet and between 
12 and Ion the farther side. The number of spots seen 
for the lint time hi each sons waa oounted and usod to 
form a plot having aa abeoisMB the tone number*. 

The results ore ratine irregular especially if—as 
Bohuater did at lint—we oonslder separately tbe spots 
counted when the earth is seat or west of the oontral 
meridian. Of the three planets —Mercury, Jupiter, or 
Venus—each one seem* to produce a minimum of spots 
where another may produce a maximum. If the above 
distinction Is not made, the results seem more oonoordant. 
For all there la a minimum upon so no 3, that is when the 
placet is just rising, and a maximum on *one 8, which 
has already passed the meridian. This can be compered 
with the diurnal march of temperature on the earth 
due to the influence of the sun’s heat. But there are 
other intermediate maxima and minima for which the 
time planets are in no ways in accord. 

Bohuater, however, considers that the similarity of 
march of the three curves for divisions 3 and 8 is suffici¬ 
ently characteristic for rendering very probable the reality 
of a planetary influence. 

This much is very different from that which had been 

found for the earth and much lass definite. Tho effective 

activity of the earth Is therefore apparently of another 
nature and relatively stronger, or it Is only apparent and 
due to tbe situation of the obeerver. 

The question waa next taken up whether the distri¬ 
bution of vote in longitude did not faeoome more unequal 
when the three planets oomidsred, or two of them, were i n 
conjunction for the same solar sone. The plots were re¬ 
made ooaridsring only the spots bern when that ooadir 
tioa was fulfilled Ho usrhed difference was evident. 
It Mho se If the number of spoil appearing in a sone is 
greater only when one of the planets in the conjunction, 
or tiightiy post it, is Veens. Sehustir thinks that a 
phrait xaay have surely on smiting notion, effective 
aflly Gfc patting Into ploy a force already existing in the 
m. Aotettiiagly, a sseond planet on conjunction mlghl 
aofchfift* any additional effort. 

aosataoue nr r. >, M. era mo*. 

'MuMm (IfaalUy tfstfess, 73, p. 9, 1911) thought 
that ttvMUbemrthwMs to sp&nte up this re¬ 


search, considering tho disappearances as well ss tho *p- 
pesranees, and retaining only those which occur at leu 
than SO degrees from the solar meridian passing through 
tho earth. He considers only Jupiter and Vomih, which 
seemed tho most preliable as having an influence on tho 
spottedness. Tho period used was the one of 30 years, 
1874 to 1900, for wliinh tho photographs of tho (Imeu- 
wich Observatory furnixhod a oomplete series. 

Tlw surfaoo of the sun was divided into 24 equal zones 
Instead of tho 12 which Schuster used. The origin was 
tbe meridian passing through the planet at the moment 
of birth or disappearance of a spot. Tho zones 0 to B cor¬ 
responded to meridians which had already pnssod over 
the planet but which arc now hid from it. The zones 
18 to 24 tsjrrospond to meridians which are to transit 
but which are still out of sight. 

He then oonstrueted for each planet pints in which the 
absciss® wore the zone numliers ami tho ordinates— 

(a) Tho numlier of spots scon for the first Linui in each 
zone. 

<b) Thu uuiuIst of spots aeon for the first time in tin- 
northern part of each none. 

(c) Tho numlier of spots seen for tile first time in tin- 
southern part of each wine. 

(d) Tho numlier of ephemeral (that is, seeu fur one 
day only) spots scon in oaoh zone. 

(e) Total numlstr of spots seen either for the first tune 
or for ono day only in each zone 

This gave five curves for each planet. These were re¬ 
made, using tho spots soon fur tho last lime instead of 
those seen for tho first time; that is, disappearances 
instead of nppoamneos. 

Tho plots wore very irregular. Generally there was 
no similarity In their oontour, oven for the same planet, 
hclwuon the two hemispheres; neither was there l>elwts-n 
the aamu hemispheres for different planets. There is 
one single eoincideneo, perhaps, which seems not duo 
to chance. There Is a maximum of ephemeral h|mi[s 
noted in the zones the meridians of whinh eitlmr Jupiter 
or Venus hail already passed throe hours previously. 

It is notable that for this interval of 3(1 years n terres¬ 
trial olwcrver always notes in the central region of tho 
sun more disappearances than appearawes. Tho dif- 
frronoe roaches 10 parts per 100. This agrees with what 
Mrs. Maunder found for the interval 1880 to 1001. For 
Jupiter and Venus tho births seem more frequent when 
the planet is abovo thnn when under the horizon, that is, 
in the opposite sense from what Mrs. Maunder found 
for the eartli. But tho difference is very small and merits 
no physical explanation. 

The relation between the oast and west hemispheres 
or tbe nun, as seen from a planet, is for Venus in the oppo¬ 
site sense than is tho ease for the earth. In the case of 
Jupiter there is wmTnnly any difference, ns the following 
table shows: 


Spoil seen on the hmitphere uf the tun toward a 
planet. 



Another comparison may throw some light on the 
matter. When a planet Is on a givon sldo of the equator 
Is the hemisphere on the same side as the planet especially 
favored with spots? The reply Is contained in the fol¬ 
lowing tahlo: 



hemisphere continues whether tho planet is hi the south 
or to the north. That is, in tho Interval considered, 
the southern hemisphere of (he sun had habitually more 
spots. This may ho duo to causes within the sun and 
to no influences from the planets. 

This simple comparison lends us to suspect that tho 
concordances hoted in the plots for the various planets 
may be due to causes within the sun. There are two 
possible reasons for the inequalities in tho plots; 

(а) Any given zone relative to the planet can remain 
invisible from tho earth for months. 

(б) Tho epoch when a particular planetary suite may 
be favorably seen by a terrestrial observer may fail 
sometimes in the spot maximum phase, sometimes in 
the minimum phase. 

The socond perturbing effect is graver than tiro first 
The period of 38 years embraced by the Greenwich data 
Is not sufficiently long to worn re us that these two 
sources of error are eliminated. Tho method should not 

he abandoned, bat w sunt get more observations. 


CONCLUSIONS. 

It would bo presumptious to say that we liave un¬ 
veiled the mode In whinh the planets may roant upon the 
sun, but we fool persuaded that some reaction exists 
and that it will not always elude us. The sun may have 
within itself tho reason for its period, but it does not 
keep to Itself Its rytlunie action. Tt has not sufficient store 
of energy in the mutual attraction of its |>arts, in its 
rotation or in the active force of tho pianola, there re¬ 
mains a resource in tho cosmic dust. Porhaps it is net 
the matter condensed into the shining stare but lhat 
which is scattered in impalpable particles throughout 
B|iao« which contributes more In the stability of the 
universe. 

It Dooms to mo that those views suggested by tho study 
of tho hoavens help to keep us even in every-day life 
from discouragement and indifference. The historian, 
whose attention Is focused on salient events, may believe 
that the human race exists only for a few marked men. 
Tho naturalist, accustomed to note the annihilation of 
tho weak, crii-s willingly with tho poet. "1.0 vent n’enoute 
lias gemir la feuillo niorte" (The wind lu-ars nat tbe sigh 
of the lifeless leaf). But that is only apparently true. 
The dead leaf, in its manner and measure, reacts nn tile 
wind. Already religious moralists warn us that every 
act, no in,liter how small anil weak, has n sovereign value 
when it is done in eonforinity with (lie eternal order. And 
this conclusion will not surprise the gisimctriciun, who 
is constrained to weigh all in an impartial lmlani-e and 
rcccgni>u>H in the smallest comer of the universe nn nit- 
limiti-d influeuee with regard to space and the future. 

Fuel Oil on Railroads* 

It bus lieeii cusliHiuiry to gngi- the use of oils for 
fuel In I lie 1'iilled States largely liy tile consumption by 
ntllroHils, Ihh'iimhc tbe HtnllsIleM of such consumption 
may. by careful Inquiry, In- obtained with approximate 
seen racy, while <*onsumiitlim In other lines of Industry 
Is extremely dllHeult of del n I LI 

Tile use of fuel oil by llie rullnsids of Texas was orlg- 
lnally duo to the sudden flood of elieiip oil from the 
Heanmont region In 11)01. Tlip eontlmuimx- of this 
trade hss Intely been sided by lin|s,rts from Mexico. 
The ease with which these Texss oils can find other 
markets than the rnllroads soil Ihp fart that the rall- 
Ksids can return to coni ulthoilt very serious dlsadvnn- 
tage make the future of locomotive ronsnmpHon of fuel 
oils In Texas umx-rtnln. 

Tn Cnllf.inilii tbe railroad* were- tin- first to absorb 
largo quantities of (.'iillfornla oils. This legitimate use 
Iuih become is-ruinnent from tack of other fuel, aud It 
has extended to oilier kinds of generation of power. 
Including marine’transportation for shipments coast¬ 
wise and to foreign cunntrtcs. 

A serious menace to the continued use of oil for fuel 
In Gnllfornla Is the recent rlinngc Iii the character of 
the crude oils of that Slate. Many of the new pools 
yield oils suitable for refining and for the production 
of large qmintHles of gasoline snd kerosene. Up to 
the beginning of 11*13, abont .10 per rent, of the oils of 
Callfornln were refined and the rest was sold for fuel 
as ernde or after very light dlstlllatlou of the lightest 
products. This practice changed materially during 1013. 
so tliat the pn>|K>rUim of crude oil used direct as fuel 
liccmuc reversed, and, although no neeurnle figures un¬ 
available, 70 per rout Is about tile pro|siriloii of crude 
oll which was retim'd .luring that year before the 
heavier portions were sold for fuel. The result of this, 
however. wDl In- not to ili'erense the use of oil for fuel, 
Iml to fhntigc the mi-tI krI of Its Hpiilleatlon. iwrtleiilnrly 
to the I liter mi I combustion engine burning kerosene and 
heovler distillates. 

Although the use of foci oil extruded to a gn-nter 
nuiliher of miles of nillresnl. I Ire- .puinllly of oil con¬ 
sumed by IIh'mc railroads ilisvcnseil slightly slid Die 
total mlleiige nmde by .■ll-lmrulng engines decri'anxl In 

shulbir pro|Hirtloii. leaving llie ..inls-r or intls-w 

made js-r barrel of oil .-oiisiiimsl the ..In 11113 us In 

1012 . 

If It were imsslble to give it complete sliiteineiif as to 
the tonnage moved |s-r lmrre-1. It would uiHloiibtoilly 
show an Inerense on innnuit of the lienvlcr trains 
moved, which Is olfsi-t ns to consumption of nil liy the 
Increased clUch-ncy of new oil burners, arrangement 
of oil tanka, am! Inen-nsiri skill ilevebi|a-<l liy tlie flre- 

Ihiring 1013 three mllrnnd eomistnles dtscontlnmsl 
the use of foci oil and returned to eonl. Impelled not 
only hy the advauelng ti-mleney of foci oil prices. Init 
by direct notification frean re-llnerics that continuation 
of contracts would he Impracticable. The Increase In 
demand for light products from crude oil has redncisl 
the volume of residuum available for loeomotlve and 
other fuel use to a point approximating only 30 per cent 
of that nhtnlncd when gasoline was not la strong 
demand. 

* Fro* the report of tbe Unltsd Btstss Oeoioflral Survey on 
the Production of PttMaua U ISIS. 
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Photographing Projectiles—I* 

Securing Records by Means of Illumination from Electric Sparks 

Thk following arllolo ii for the purpose of enlarging Fig. 2 ihowi a amoll-armi bullet, with head waves, wave* formed by the hole* are enveloped by the head 
upon the mellioda adopted in 1887 liy Prof. K. Maeh, tail wave*, and eddie* behind the bullet; the photograph wave. Fig. 6 U the nme token an inctnnt later; ben 
in mllaboration with P. Halcher and b. Monh, for ob- wa* taken with a slight degree of obscuration (abbltn- the tail wave form* an envelope for the elementary wave*, 
twining photograph* by moan* of the electric spark. dung). The liullnt ha* just perforated a nreen. Fig. Fig. 7 I* the nine a* Fig. 6, exeept that It U taken by 
Mach’* electric spark photography ha* been no widely 3 repnnenU the tame with a stronger obscuration; here the simple ihadow method, without mirror* and ltnat*. 
quoted in all *orla of tcnlinicai periodical*, that its funda- the bullet ha* almost passed beyond the field of view. The shadow method* employed by Maoh and Boy* 
mental principle* may now Imi considered a* generally At the plane where a little wooden soroen ha* boon per- cannot be dispensed with, when it is a question of Ob- 
kiuiwn. K. Mach liimanlf employed for hi* photographs a foratul by the bullet, an impant wave of air has broadened taining photographic records of air waves and eddies; 
condensing leiia, that ia to aay, a inneave mirror in con- out to spherical form; and the same thing tut* oeourred for then difforonoe in refraotive power (seMursn) must 
junction with n emnem. V. Hoy* at a later ilato (IHftti) at the comer of the table on which tho little wooden screen be dealt with. On tho other hand, where differenoe in 
modified Mach's method* by obtaining, by means of the stands; also, tlui position of diaohargo of the elec trio rofractivo powor (paseWwren) doc* not enter, but it i* 
electric Hjiark, aimplc atiadow pictures (milium Una) of spark is visible at the extreme right edge of tho field of a question merely of the detail* of an opaque body, 
approximately full size ii|*m sensitized plates, without viow. The heailwavee urn reflected by the table top from a ballistic point of view photograph* made by 
imingconcave mimira or lensca. The method* arc similar according to thu law of inirrora. in Fig. 4, tho ballet ordinary methods are quite satisfactory. In such photo- 
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to half rite, tho definition of a point on the circumference 
ii reduced by it* extension through 2f> millimeters. 
If a projectile is traveling at the rate of 900 mcter- 
iiooondi and la photographed to 1/10 ita natural size. the 
definition of a point la reduced by ita extenaion through 
4 J> rallllmetera, ainee the projectile movea during the 
eapoauro 40 millimeter*. On the ulher hand, auflleienll.v 
lnatantanooua oxposure la attainable in illumination hy 
meana of an oleotrlo apark, the duration of the spark 
light, detenplned by variou* method*, being from 1/3 
to 1/10 of a millionth of a aenond. 

The method for obtaining a photograph by the light 
of an eloctrio apark u naturally similar to that employed 
for aeetuing a photograph of a atroku of lightning on a 
dark night: the camera la opened till the light shines, 
and la then oloeed. 0. ("rani in 1909 obtained some 


For making Fig. 17, a cn|Hu-ily of about :i,. r >00 was t-nt- 
ployed. In onler to eliminate solitary shadow effects, 
at least two to four illumirialion sparks wen' discharged 
in seriea to the right and left of the object to ho photo¬ 
graphed. and in front of tho camera. 

The dluinination from that spark which comi*|>nmla to 
the Anal stroke of tho battery, due to self-iudiietion, is 
the shortest aud^wonkest flash. 

In addition, small concave mirrors wen- plueod hehiiul 
the lighting area: moreover, several sueci-sslul photo¬ 
graphs were obtained by means of light projectors placed 
at greater distances from the object 
One or (he other position of the sparking areas should 
Isi adopted according to the requirements; they will 
naturally vary with tho methods adopted for discharging 
the illuminaling'sparks. 



Fig. U. 


from the muzzle. Powder gases am streaming from tlio 
muzzle, and within tin- isiwder gas inav lie seen the posi¬ 
tion of discliargc of the electric spark. 

Fig. 11 represents the same pistol at llm instant when 
the bullet is 200 flcnliillclcm from the muzzle. Tlie 
extractor is partially open. 

Fig. 12 shows the sumo pistol when I he hullel is IVX) 
ecu time tors frein tho inu/zle. The empty cartridge ease 
bus ts'eii extracUd and lliniwn into the nir. 

Fig. IS is a double, nr stereoscopic, photograph of the 
same pistol in tiring; the jmwdcr gases arc streaming 
from the nmxzle. 

Fig. 14 is a double, nr stereoscopic, photograidi of the 
same pistol in firing and its reflected image. In this, 
not only the pistol itself, hut its roverao reflection in tho 
mirror is visible, so that we may observe at the same 
inslant tsitli sides of tin- weapon. Such photographs 
hate a iicciiliur value when we ore dealing with an aulo- 
malie arm, Ixs-ause from tho front side the action of 
the extroelor is followed with groat difficulty. They 
are also of value in the ease of small projectiles, when 
measuring rotation of the projectile, its oscillations, etc. 

Pig- 14 I shows the blast of the block powder gas at 
the muzzle of tile small arm, Model 71, seen from the 
Trout The larger volume of the powder gas is expanding 
ill the form of a mushroom, while in Trout of this must- 
room may In- seen that jsirliim of the gas which lias be. n 
drawn forward by the hullel. Hy its form the mush¬ 
room clearly shews how Hie ntlmg Ims affected It. The 
several bright lines are the trajectories of the burning 
powder grains. 

Fig. 14 II shows the same taken from the rear, ami to 


negatives by illuminating the face of the object with the 
electric spark (see ZeiiKknft, etc., Vol. 4, of 1U09, page 
323), the spark being discharged through a mercury 
are-lamp. Very clear pictures were sulmequently pub¬ 
lished hy Herr H. Hose in Uorlin. in a privately printed 
pamphlet, in which the face of the object was Illuminated 
hy spark light, a reflector being employed. Among 
other things, he pholugraphod a revolving wheel (Fig. K). 

By employing a great numlier of onndenser* we liavo 
lately resumed experiment* with Taco illumination; and 
in Fig. 9 and those following, we shall, by means of many 
examples, show that, in face illumination with spark 
light, details within the contour of rapidly moving ob¬ 
jects appear with llioroughly satisfactory definition. 
Some of those photographs we puhlishod In July of last 
year in Schuu and Wnfft, Vol. 6, No. 20, page 307; and 
by arrangement* with the editors of both periodicals 
ooneerned we republish In the present arliole, tho earlier 
photographs with slight changes in the accompanying 
text, and give, In sdditJon, a new series uf photographs uf 
ballistic, setamtifio, or physical interest, as well aa some 
steraoseopio photographs and moving picture films. 

Tho condensers were thoroughly charged by means 
of a static machine, the available capacity being 40,00(1. 



Fig. 9 represents the army pistol in a state of rest lie- 
roro firing. On the pistol housing m front of the n-ur 
end of the Imm-I and in roar of the hns-clihlock may 



Fig. 14 L 


he seen vertical marks drawn with a while |>eiii-il. From 
Hih shifting of these vertical marks we may readily de¬ 
termine, at any instant, whether the piece has linen fins), 
Imw far the brn-ch mcehsnisin lias recoiled, etn. 

Fig. 19 represents the same pistol during discliarge, 
that is, at tho moment when the bullet is H centimeters 


Fig. 14 111 is a stereoscopic, or double, photograph 
of the same phenomena. F.xaminatnm with tho slen-o- 
seope affords an ext-eodingly n-olisl.io view of the form 
of the mushroom and tlie trajectories of tlio burning 
ixiwder groins. For this reason, it may I si remarked, 
many photographs of small shot (nut reproduced hi-n-j 
were obtained hy Hlen-oHcopio methods. Stereoscopic 
cxaminalinnsof the shot sheuf permitted such an accurate 
sejiurutioii of the individual shot in (he direction of the 
I linn dimeusiuus, tluu it was fuuuil iwssihlo, hy nuaus 
of the stereoseopm Beale, to determine net only the extent 
of mi|iaralioii of Liu- flying shot, but also, from many sui- 
eessive photographs, thu reduetiun in veleeity anil the 
rotation of thu individual shot. It is probably feasible 
b.v such methods to solve many problems which an- at 
present shrouded in mystery. We hope In m-ur to 
these matters. 

(7’u be continued.) 


A Quality of Electrolytic Iron 

If n sheet of electrolytic Iron slid one of ordinarj 
rolled Iron urc cleaned of scale and oxide end set up us 
u twittery nllk dilute sulphuric acid, « mill voltmeter 
will show that the elect roly tie Iron Is ol.-clrn-pusltlvc In 
the common Iron. It will be iippreclalixl from Ibis Hint 
u coating of electrolytic Iron Is under uiuny elmini 
stniii-e* n dealrnMe protective cuntliiK 



vb.ua 


Fig. urn. 
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Making Steel by Electricity' 

Various Systems; Their Merits and Defects 


This Idea of producing nleel by electrical method! in 
mure time ID) yearn iilil, hut no practical solution of 
the problem woe achieved until the clone of the last 
century, when eluelrie furnaces of several distinct type* 
went pul Into o|M-ratum. 

The nlih-st of these furnace*, the Ntassano furnace 
(INI 18), in which the inetnl i» heated entirely by radiation 
from an electric arc, is now used cldetly for the pro* 
duet ion of small stool east ings, woigliing less than 2 tons. 
It is well udapti-d for small machine works which make 
their own ctixlingH, and Tor ull eases in wliieh it i* un- 
desiralde, for liny reason, to nilnist the work to an out¬ 
side foundry. 



Mg. 2.—Oxidised dec- Fig. 3—Protected elec¬ 
trode. trade. 


of heat tltrough the charge can be varied at will. The 
largest Nathusiu* furnace* yet constructed have a capa¬ 
city or 10 to 12 tons. The Held of utility is similar to 
that of tho Uirod furnace, but the N a thud us furnace 
is said to he peculiarly well adapted to the smelting of 
ferromanganese. 

Many other electric are furnaces have been patented, 
hut they differ little from those mentioned above, or 
from each other. 



At nearly the same lime appeared the HOmult furnace 
with two or three vertical clectrislcs placed immediately 
over tlm metal. This is the must widely used of all 
eloelrie furnuciw. It is suitable Ixilli for fusing cold 
scrap and for refining molten metal, and It is employed 
In many steel works in eapaoilio* up to 26 Ions. 

The (llnxl furnaee, with one olrctrodo above tbo mefal 
and oiui or more In tlm bottom of tho furnace, was first 
designed (1U0II) to use monophase alternating current, 
but It was subsequently adapted to the employment of 
triphase current also. Us Held of usefulness is tho same 
n* lliat of tho llAmult furnace. hut nn Oired furnace of 
greater calamity than 1 fi tens lias yet lieeu const meted. 



Toward the close of the last century, almost sirnuU 
tmmoualy with the are furnaces, appeared tho first in¬ 
duction furnaces, the Kjellin and the Friek, which diffei 
only in tho form and arrangement of the primary onila. 
The Kjellin furnace may bo used In place of the crucible 
furnace, but it la not very well adapted for refining and 
it has serious defects which have greatly limited it« 
field of application. Until recently this was equally 
true of the Friek furnace but the latest form of the 
latter is said to be very well adapted for refining, and 
several large Frick rurnaocs, including two of 20 tons 
capacity in Amorioa, are being constructed for the 
production of fine stool from molten metal. 

The Uoochling-Rodenhauscr furnace was created in 


Fig. fi.—HAroult fur- Mg. 7*—Uirod furnace 
nare. monophsee current 

(1906). 




furnaces included a? Htroult, 27 CHrod, 0 Nathntoa, JO 
Stamaao, 6 Keller, 8 Chaplet, and 11 otbsru. The la- 
d,lotion furnaaee included 10 KJelUn, 17 Boeehlluf 
Rodenhanscr, 0 Friek and 2 others. 

The following table shows the number of tone of 
electro-eteel produced In various countries fat the years 
from 1908 to 1913, inclusive: 


Germany 
and Luxem¬ 
burg. 

Franco. 

Austria- 
Hungary .. 
America.. . 

1008 

in ! 

1W0 

mi 

nit i 


19,638 

2,289 

4,633 

«.m 

17,773 

0,466 

0,048 

13,762 

36,188 

11,769 

20,028 

62,141 

60,664 

13,800 

22367 

29,105 

79,190 

16,922 

21366 

18,602 

38381 

r 

36337 

7 

Total 

32,6B0j 

47,03d 

120,116 

126,476 

136,270 

r 



From this table and the corresponding graphical 
record (Fig. 1), it appears that the annual production, 
though increasing in F.urope, has steadily declined in 
America since- 1910. In general, it is evident that the 
electric furnace is far less extensively employed than 
would Is- eximeted of a new device of demonstrated 



Till- Keller furnace, Imscd on ii similar principle, is 
used ehiell.v in Fraiu-e, ami Ter less extensively than the 
(lirod runmee. 

The Nutliusius furnace, which apis-anil in 1008, 
ihlferH from all other funmees with Isittem elcctrixles 
in allowing a current to be established liotwoen the Isit- 
lom elis-tnxlcs, us well as Isilween them collectively 
and the np|x-r i-lootnxleM. In this way the distribution 

•Alwlrmel ol lb. Hlxmwxl (luaeiiliHin s article In Mrtim. 
Irrhmvr IHuhrtll 



10011 by enmliinmg a number of Kjellin furnaces. (The 
new Friek fumaoi 1 * are also of tho combined type). The 
Hocoliling-llndcnhauser furnace was the first induction 
furnace employed at all extensively. It is now used 
chiefly for refining molten metal and for smelting ferro¬ 
manganese. The largest of those furnaces yet con¬ 
structed have a capacity of about 12 tons. 

Many other induction furnaces have boon patented 
and attempts have been made to combine induction 
heating with arc heating or with resistance heating. 

As nearly as can be ascertained the total number of 
elcctrio steel furnaces in existence, and in process of 
construction, in 1913-14 was 173, of which 138 were are 
furnaces and 36 were induction furnaces. The are 



UL 


practical utility. This slowness of development Is due 
chiefly to the two following causes: 

In the first place, at the prevailing price* for electric 
i-urrent the elec trio furnaee nan compete suoararfully 
with other furnaoea only in the production of Ugh grade 
stool, and even here only when electric energy is com¬ 
paratively cheap and other conditions are favorable. 
It is the superior quality of deetrowtael that makes 
suocesrful competition poarfbic. Steel of lower grade 



Fig. 8.—Nathudu* furnace (IMS). 















Ktg. 12.—Hmrdto furnace <i»u). 


In the leeosd plan* it u very difflmilt to tonslrunt an 
aloetrio furnace of a capacity mioeeeling 15 tom The 
Urgent charge now worked m 26 tone and the practical 
utility of the largeat electric furnace* lia* not town < oa- 
dnaively demooatnted 

An electric fnmaoe can And cxtemalve employment 
only on oondUum that it can be connected to a normal 
tnphase mroult of aevoral thouaand volt* and 50 period* 
without the Interposition of rotary converters, and even 
atatic tnnaformen iliould be eliminated, if pocaihlc 
At pnaent thla condition la aaUafled only by Roochling- 
Rodenhanaer fumaaea of Uaa than 4 ton* capacity 
Larger furnace* of tbia typo and all other induction 
furnace* require for enonomical operation current* of 
low frequency (6 to 2ft period*) Induction furnace* 
In general require *peual generator* or rotary convi nor* 
which greatly inormae the < out of installation 

Are furnaces usually dispense with rotary oonvtrli ra 
u they can uae a current of 50 period* if the tonductora 
are properly arranged, but they generally requin Inn* 



lattag factor of efficiency 


(Pig 2), or a eollsr of wire netting mated with tunm 
(Pig «. or both 

The itisuffleUncj of llitse pro an lion* i* pnivnl In tin 
numhrr of rwent patent* for improycd method* of pro 
Uition TUt preparation or tin eh* trodi s i* \,n 
laborious aa the cemonl-tonltd ml ting must Im apple .1 
in the moist state and allowed to dr\ on th» i U i lnid< 
For thl* nason one Ann propose * l„ nihstitiili tor tin 
nelting a numhtr of *iparati and easily n inoy able gu ml 
ring* of nfnutnry mat. nal dig I) Anulhir |>al.nl 
oovir* the *uppn **ion of th« outflow of fumat e gu* l \ a 
< ounterblast of air or steam from tin/rli* surrounding 
thi oloctrode (Pig 5) 

Tho arrangement of the cell (trodi* in eirmu* an fur 
naots is illiistrakd in lig* 11 to 12 Ml i><<pt tin 
H«roult and S1a**ano furnniia employ luittom ib* 
tmdr* The bottom iltilnultu of Hit (•■nul lurnui 
havethi same pounliol ao that uoiumnl How* Im tween 
tium but those of thi other furnaii* ln\i dilTinut 
potentials and product lumnt, in n combining laytr 
of the fui ua<i but urn or wall 

In thi Hfroull furnaii tlu healing iffiil is iirodiiiid 
cntinly by tin an alum thi ihargc To tills tin tunul 
furnacu adds (hi hinting tfTret of thi cmnnl through 
tlui i hargi and thi N&lhusius mills alun Hu In il pro 
dined by thi furnnt in Hu furiuui luilUm lliih 
bottom hinting > an In v nm il within wnli limit* by imnii* 
of a poUnlial regulator and in this way Hit load ■ n tin 
upper clictroilc* tan 1* diminislml 

Thi dtfort* of the induMMiii fuiniui an ivingnihr 
than those of thi an furnaii lhi iltstrn il difills 
of tin former hast olnaily Imhi nuntioiud Its mist 
mnou* motallurgie bI diful is lhi ah*tm< of a simple 
iloscd lunrth Thi imltiiiR trough* of thi hjillin and 
Prick furnace * on not very will adapted for ri lining 
tnd i u n thi imuhmation of atyiral auili troughs in Hi 
Rotthlmg Hndinhatiner furnaro i* not inlmly sails 
fm tory for thi* purisiM Another difi* I ol lilt imlm turn 
furnaii is thi imiuwMhlily of milting mid ilmrgi* 
without lhi ud of spinal auxiliary diyui* 

Albmpts to intnnv tin ifBuemv ol lhi tndu lion 
furnace Imu lutn tnaili by imrea*ing tlu nsistami of 
tin miItmg troughs by adding othir nalslaiuc Inciting 
to thi indmli ■ hi Hun and by modifying lhi irrangi 
mint ol thi primary coils A Ratlin hrm has tnul 
to improyt thi ifllmmy of tin Kjcllra furnaii by a 
ruin ally difTi n nl method (I ig It) lhi trinslonmr 
mn includis a divonmitid sigineul whuh is i tpilili 
of rot tin n ami is enirgi/td by a din it iiirnnt II iwing 
tbnmgli an inviliqiing mil lhi primary ■ ist of tin 
furnaii i* rimnwtcd a* usual with an allirnstmg nr 



I iff I > —1 ongitudinal and tranarcrRc vertical 
billions of Hiiond improved Horchlmg furnace 
<1912) 


On tlu wliili it appeal* Hist thi iiidmturn furnaii 
at pn*mt i* yin mon ill fit unt than tlu an furnace 
in till qualitn * nqmsiti for ixtiiuuvi i mploymont 
I Ills th prubai ly nt n in* a wbv tlu iiumlu r of induction 
turn n i s mi n isid c lily from to to t. lx tween 1U0S and 
I'llt in win h |unid tin nunilur of sn furnaii* ra- 
• nasid Inm It to 11S 

Tin a ly iales of thi in ftmuui assert that a thra¬ 
ll iwing slig nl higlur tempi ratlin than thi metal 
Inm ith it IS ibsoluti|y in 11 usury for gmnl lilttallurgn al 
w irk mil th it this u million is *ati*flid only in the 
an lirimii whin tin In at is pn iluml at tin surf at i 
In tlu imliiilion fiinuui tin bint is gimratid m tin 
nu tul win h him <(iii nils must In liotti r than tin slog 
Itwpissilh luiwiyir to raisi thi Umi*ralun of the 
hin,i in Hu iiiilu ti n tiimai i tar inmigli above the 
fusing limit t i prnluci s thinly flow mg slug 



I ig IS—Swedish ilrclric ore restoring furnace 


formers as they are constructed for low voltagia AH 
am furnace* have the defect that the heating igmnt 
of thousand* of unporra, whuh ra induction furnace* 
i* generated m the i hargo itself must be brought in from 
an external source A charge of 1ft ton* n quire* a cur¬ 
rent of about 15,000 ampere* and tho conduction of 
the atill stronger currents required for e hargee exceeding 
30 torn present* diffliultuw that have not yet been ovi r- 

One of the greatest difficulties! la me t in tlu i nnslrut - 
torn of the electrode* I*vrgi> electrode* usually tarry 
0 or 7 ampere* per *quare centimeter no that a i in uhir 
electrode carrying 20,000 ampere * would liavi a diarai ti r 
of fU rentimotere (about 25 imbra) Homogcmoua 
dee trade* of there dimension* are very difficult to pro¬ 
duce and rapidly disintegrate 

The life of the electrode i* ihortiiud hy oxidation 
In order to allow tho electrode* to lie pushed down a* 
they ore consumed at the lower end they must pass 
through the furnace cover with somi clearance through 
which burning gases escape and anduu, the upper part* 
of the electrode* (Pig 2) When tho gradual towering 
of the electrode brrngi this partly oouauraod portion to 
the furnace cover the clearance and tho evil arc in¬ 
creased Put hi* reaeon it la customary to protect the 
upper portion of the electrode by a water-moling dc yico 



IffiKwrat ImhUi y hnw (i»U). 


cult I Ins arm run mint t (institute * a synchronous 
motor *o that thi magiuUriel segment if it i* rutiled 
m *ym linmy with the die mating i iirrenl will continue 
to rotate al the saim spessl Thi primary dillt rente of 
phaM ton thin Im regulntid at will hy modifying tin 
ext iting dim I current 

Attempt* to melt e ild iliorgi* in indue lion furnaces 
hayi proved equally futile Du introduction int 1 the 
melting troughs of min nug* to serve temporarily a* 
closed *t*unitary iniuitn is troublesome and it is usually 
inndnnssiblt for chemical nason* in the prodmtiin 
of high grudo *teel 

Spinal attention lias liesn giyin by inyentor* to tin 
i unhtrui lion t f a lie urth nntnble I ir nu tnlliirgii nl pur- 
ptiM* and many pat nits Ii im Ixni issue el in tin* Hi Id 
rht liotshling *ti* I minimiij lias pate nntl two funions 
with bimple (losnl hearth* digs 14 ami I >1 In tlu 
standard Roe e lilmg-Rode nhauw r furnmi only a small 
port ion of tlu *t e uiielary e urrt nl is prodm e tl in a m t on I 
ary win toil and mmmunii alt d to tin t barge llirniigli 
rice ti title s but 111 the new lloee tiling fumuetb the whole 
of the he at mg i urrt nt t* so proelm i d and mnimunic ateil 
Herne these furnaces art not induction fumum hut 
nmstnnee furnnt ese opt rated hy transfomu r- The 
pet ult*r advantage of tin induction furnace tin gnmm 
tion f the strong heating current entirely in the elierge 
itself is forfeited and the advantage of tho simple 
hourth without trough* i* offset h> the necessity oT mn- 
struietmg external mmluetors and elcetriMli* <a)iabli 
of ceyrrvmg the strong nirrent nafilv and cffiiuniU 



Pig. 17.—H*rtwf erc-rcdurlag furnace 

(»U). 


The ehitri al ndintim (t iron on liss nrmtly hern 
attempted mil with s nm suites* III Seundinnvia and 
California whin w ite r peiwe r is e heap this me thod has 
lain profitihl\ miployed for seyirul vtor* 

M>*t of the i \|Mi line ills ill Hu elcelnt pnxluitum 
of pig iron buy hetn nindi with an furnace* Siaa- 
sBno * first film it i was ilisigniil for the l eduction of 
mill Oil SiibhU|ilelitly Killer and IUmult expen 
limited willi er f rnuis but tlu first praetital Hmcibs 
wn* obtained l( i Sy lm by (inienwall Ijiulbaet and 
St ilhme whose xptnnu lit* lagan ra 1H07 

flu er leelu mg furniue id (inMnwnll I mtlliad ami 
Stalliaiie 1 ig Hi) i* yiry similar in form to the ordinary 
blast f imiue h \|m rum ills witli the *e furnace* are 
new lung t mint(ul on i Inrgt *e dt but thi result* 
Vi tobtauudd • not nl solute ly esbiirt i oinmi n ial sue i e ** 
In (ttiinany fftllni ti m hue obtained good naiill* 
with IhiiIi nr furnace* ami indue linn furnait* Hia 
iliiluition furniue like tbi new Kotshling fiimaie is 
iHMiitially i nsislau e furniue in whitli tlu charge 
form* part of the sttonilnry i ir uil of i Iraiibfumur 
Among tin mine tuitiulid system* of eleslru ore- 
n dm turn one of tin enist mien sting ih that of Hiring 
who employ* tbi n«istun ■ furnace shown in hig 17 
hiisioli take* pltui in the two lower shafts from winch 
tlu m die n imlil is e ultimo iislv espelhd lie (lie so- 
Iailed L’lmli rfTiil lirst Hindi known by Hiring and is 
nploetd ley rresli malt nil entinng tliiiiugh lateral 
ilinnmls hig IX shows Ibis fumaii (oinbincel with n 
bteel furimte into whuh tin molten iron 1* (list hargi el 



Fig 18—Rcling combined ore reducing and ated 
furnace. 
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SALE OF BACK NUMBERS OF THE 

Scientific American Supplement 

TO BE DISCONTINUED 

Of Importance to Librarians 


The Scientific American Supplement is a 
unique periodical. 

Established in 1876 to describe ihe exhibits 
of the Philadelphia International Exposition, it 
proved so successful that the publishers decid¬ 
ed to continue it on hroader lines. 

Whenever a Tyndall, a Huxley, a Helm- 
holt/., a Pasteur, a Ijchig, u Crookes or my 
other prince of science rose in the learned 
societies of Europe and announced some new 
epoch-making discovery of Ins, his own words 
appeared in the Scientific American Supple¬ 
ment. The technical papeis read by engineers 
before societies hi America—papers too recon¬ 
dite and too long for more popular periodicals 
— hair been given a place in the Scientific 
American Supplement. Americans who could 
not read foreign languages found in the pages 
of ihe Scientific American Supplement the 
utterances of great European physicists and 
chemists translated into English. 


So, in the course of time, the Scientific 
American Supplement has become a kind of 
encyclopedia of scientific information. It fig¬ 
ures over and over again in the footnotes to 
monographs mid scientific treatises; it has 
played its part in research of all kinds. 

As remarkable as the publication itself is the 
method by which it has been made accessible 
to the general public. Every number of 
the Scientific American Supplement 
from 1876 to 1915 la kept lit print. 
What la more, the numbera of 1876 are 
aold for 10 cent* Just as If they were 
published today. And this despite the fact 
that publishers of newspapers and periodicals 
often charge several hundred per cent more 
for back numbers than for new one*. 

ITie Scientific American Supplement will 
continue to print the papers of great scientists 
and engineers a* it has in the past. But the 


For a few weeks only we shall be able to 
furnish all the single numbera of the Scientific 
American Supplement or bound volumes. 

This announcement la made for the 
benefit of libraries in which complete 
seta of the Scientific American Supple¬ 
ment are not to be found, and for 
thoee Interested In science who feel a 
genuine need for an encyclopedia of 
science of the most'diversified kind. 

We will also supply, free of charge, on re¬ 
quest, copies of the Scientific American Sup¬ 
plement Catalogue, in which all the papers 
that have been printed in the Supplement since 
1876 ire indexed. This catalogue will not be 
published jn the future. 

Order back numbers or bound vol¬ 
umes of the Scientific American Supple¬ 
ment now either from your bookseller or 
directly Jrom the publishers. 


policy of reprinting back nuinfcjKB will 
be discontinued. 


Order Bound Volumes of the Scientific American Supplement Now 
MUNN & CO., Inc., Publishers : : : : : 361 Broadway, New York 



















































Scene an a banana laden ateaner at the Galveston decks. 

Unloading Bananas by Machinery 

New Methods of Handling Delicate Fruit Rapidly and Without Injury 


Tri city of Oalvsston is a port-where many ship¬ 
loads of bananas an reoeived to be tmloadod and sent 
by trainloads to waatem and southwestern cities, as 
the banana is eaten as genially •* the apple or peach. 

Fruits are generally delicate merchandise that require 
careful handling, and this is particularly the ease with 
bananas, which cannot be conveniently packed, and 
which. In this country, have such a long journey, with 
many transfers, before reaching their market. 

The imlM'Hr.y of this trait at Galveston is performed 
by an Ingenious mechanism operated by electricity. 
Banged along the fruit wharf are n number of odd look¬ 
ing) pyramidal house*, each with a sort of an elephant 
trunk protruding from their ride*. These an the 
elgefrtwlly operated frdt conveyor*. As soon as the 
sUp is laid alongetds, the trank swings out and drops 
tbs hatches Into the 
tun end the canvas 
asioc from the hold 


Down in the hold the men lay the bunches of bananas 
onto the oonveyor, placing a single bunch in each pocket 
aa It presents itsoll. As the bunches reach the wharf 
end they are taken by men who hurry them off to the 
various railroad care on nearby tracks. The wharf 
appears then to be swarming with moving bunehes ’of 
bananas set on two legs. 

An expert freight classifier Inspects each bunch as 
it la carried away. "Number nlaol” calls the expert, 
and the man under the bunch moves to the open door of 
a oar from which a flag displaying the figure “9" is hung. 
This grade is the highest in bananas, and only the best 
bunches of the firmest, most mature fruit sro so classified; 
yet most of the bunches brought into this port are of 
that quality. Then are also "eights" and "sevens," 
these being smaller and riper fruit. As the classifier 
calls "yellow flag," the toter carries the bunch to a car 
when riper bananas an loaded, mounting improvised 
stops and passing his bunch up to the man inside, when 
it is neatly stacked ot the bottom of the car to be 


shipped to some nearby market where the fruit can he 
disposed of quickly. 

Before, this mechanical carrier was pul to work it 
was customary to have a long line of men stationed at 
arm's, length apart, extending from the depths of tho 
hold of the vessel to thu freight care on the dock, who care¬ 
fully passed tho bunuhos of fruit from hand to hand in 
endless succession, thus necessitating a large number 
of men and resulting in many handlings. 

There arc as many varieties of btnsnns as there are 
ut apples, and they are both red and yellow In color. 
At one time It was customary to full tho yellow variety 
jriantalns, and the red fruit bananas, but authorities 
agree that there Is uo specific difference between plan¬ 
tains and bananas. The follow variety la the Und Im¬ 
ported into the United States most frequently, and In 
the greatest quantities, although In some localities the 
red fruit Is preferred. Host of Uie latter are the tore¬ 
ros, or Bed Jamaica, while one of the beet of the large 
yellow variety 1* the Martinique. 


a Idbf eonvwor belt down through 
hold. Them the whesla begin to 
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A Record of Achievement—I* 

The Contribution of the Chemist to the Industrial Development of the United States 



'p)lt'r Mubtftllul Ion uf accurate, dependable, and nou- 
met Li Kin uf operation for “rule of thumb” and 
"Letter skelter” uiethoiLi must appeal lo over> tuiinu- 
fneturtr uh a di-elded advancement and a valuable ctm- 
Irllmtlun. 

TLe cLciuIhl Lua luiule tbo wine liiriiiHtry reiiNonalily 
lmk'penileiit of ellmutle condition*; lie La« enabled It 
lo produce HubaUiutlally the name wine, year In anil 
year out, no matter what I be weather; lie hn» reduced 
the spoilage from 20 imt cent to UMI l»'r cent of the 
total; Le baa lucreuaed (lie hI)1|4>1>iK radlna of the goods 
and baa made prcaervutlvca uiineccaanry. 

Ill tbu cop)a>r halualry bo baa learned and taught 
how to make operation* mo cuimtant and no coutlnuinia 
that In Lbo manufaeture of blister copper valuntlona aro 
less than ft a|>arl on every flu,(Mb worth of product, 
and lu reilnod copper tbo valuations of the jiroduct do 
ma differ by more than fl lu every fGU.iaki worth of 
product. The quality of output Is maintained conatant 
within microscopic difference*. 

Without tbo cliculst the corn prislm-ts liHlustry 
would never have arisen, and lu 1U14 thla Industry eou- 
sumed aa much coni as waa grown In (bat year by tbo 
■lino States of Maine, New Hampshire, Vermont, Maasa- 
chusottM, KIukIc IhIhimI, Connecticut, New Vork, New 
Jersey, and llelaware combined; this amount la equal 
to the entire production of tha Stale of Norlli Carolina 
and about Ml imt cunt of the pnsluetlou of euch of file 
Stales of Georgia, Michigan, and Wisconsin; the chem¬ 
ist has produced over one hundred useful i-nuimerchil 
products from corn, which, without him, wimld never 
have Iwon produced. 

In the asphalt Industry the chemist has timght how 
to lay a road surface that will alwaya be good, und be 
baa leftrned aud taught bow to eonatruct u suitable mud 
surface for different conditions of service. 

lu (he cottonseed oil ludustry, the chemist standard- 
lied methods of production, reduced losses. Increased 
yields, made new use of wastes aud by-products, mid 
baa added somowhere between |1U and 112 to the value 
of ouch bale of cotton grown. 

In the eonieiil Industry, the chemist has umvrtalned 
new Ingredients, hu* utilised theretofore waste pnsl- 
ucts for this purpose, has reduced the waste bcu|» of 
many Industries and made them his starting material; 
hr has sUndnnJln-d method* of manufacture, Intro¬ 
duced methods of chemical ooutrol, and has Insured 
constancy and permanency of quality and quantity of 
output 

In the augur Industry, the chemist has Loan active for 
bo long a time that “the memory of man runneth not 
to the contrary.'' The sugar Industry without the chem¬ 
ist 1* unthinkable. 

The Welsbach mantle la distinctly a chemist's In¬ 
vention, and 1U successful aud economical manufacture 
depends largely upon chemical methods It would be 
difficult to give a Just estimate of the economic effect 
of this device upon Illumination, so great and valuable 
is It 

In (be textile Industry, he has substituted uniform, 
rational, well thought-out and simple methods of treat¬ 
ment of all the various textile fabrics and libera where 
mystery, empiricism, "rule of thumb" and their accom¬ 
panying uncertain tie* reigned. 

in the fertiliser Indnatry, It waa the chemist who 
learned and who taught how to make our Immense beds 
of phosphate rock useful and servlcaable to man In the 
enrichment of the soil; he has taught how to make 
nasie products of other Industrie* useful and available 
fur fertilisation, and be baa taught bow to make the 
gas works contribute to the fertility of the soil. 

lu the soda Industry, the chemist can winceeafully 
claim that he rounded It, developed It, and brought It 
to Its present state of perfection and utility, but not 
without the help of other technical men; the funda¬ 
mental lde«H were and ere chemical 

In the leather ludustry, the chemist has given ns all 
of the modern methods of mineral tannhig , and without 
theca the modern leather Industry Is unthinkable, la 
•Am addzma b*fere tt* Amarleaa CtestaTibtMy a*lto 
arttatb DMrilac, N*w Orkaa*. Marefc SliMartl art. Dig 
From TM j* *n i*l */ iidartrWj** beam Wring -- 'i'h 


By Bcmhurd C. Hesse 

the hi mb of vegetable-tanned Uethor be hu also stepped 
in, standardized the quality of Incoming material and 
»/ outgoing product. 

lu (lie flour Industry, tbo cbeinlat baa learned and 
taught how to select the proper grain for specific pnr- 
Ihimon, to Htandardlie the product, and how to make 
Hour available for certain tqiecilk; culinary and food 
purports. 

In the brewing industry, the chemist has standardised 
the methods of determining the quality of incoming 
ion ferial and of outgoing products, and baa awdated In 
the development of a product of a quality far beyond 
Hint obtaining prior to hi* entry into that Industry. 

In the preservation of foods, the chemist made the 
fundamental discoveries; up to twenty years ago, how¬ 
ever, he took Utile or no part in the commercial opera- 
IlmiN, but now la almost Indispensable to commercial 
success. 

In the water supply of dtlea, the chemist has put cer¬ 
tainly In the place of uncertainty; he ha* learned and 
has shewn how, by chemical methods of treatment aud 
control, raw water of varying quality can be made to 
>lald potable water of ■ubntantlally uniform composi¬ 
tion aud quality. 

Tlie celluloid Industry and the nitrocellulose Indus¬ 
try owe their very existence anil much of their devel¬ 
opment to the chemist. 

in the glass Industry, the chemist has learned and 
tnugbt how to prepare glasses suitable for I he widest 
range of uses and to control the quality and the quan¬ 
tity of the output. 

In the pulp and paper Industry, the chemist made 
the fundamental observations. Inventions and opera¬ 
tions, and to-day he 1* lu control of all the operations 
of the plant Itself; to the chemist also la due the cheap 
production uf many of the materials entering Into this 
Industry aa well as the Increased and expanding market 
for the product Iself. 

niz statistical roerrinH. 

For the reiiHiu year of 1008 the wage-earner* and the 
value of manufactured product* and the value added by 
manufacture In twelve of these Industrie* and In the 
manufacture of chemicals Is given In Table lo. 


manufacture-values and 10,0 per cent of our talon 
added by manufacture. But the total number at dn- 
Uta makes up only about 0.01 per cent at the population 
of the United States 

ao hatiox tun bo cvnmmis rib*. 

Of course, It may b* raid that having mad* an these 
other things, tbare is ao excuse why the American 
should not make coal-tar dyes in addition. Perhaps ao; 
but nations, ilka Individuals, cannot each have or do 
everything. If each nation could do everything equally 
as well every other nation, there would bt ao ores- 
hIod whatever tor International business, la this world 
1m constituted, each uatton dure that which It oan do 
the best and trades off the product for what some ether 
nation can do better tban It, and both Mdre are aa Ha¬ 
tted and make a profit; this U the asm* aa the reU- 
tlonxhlp between Individual*. Tha shoemaker can make 
oboe* better tban be can bake bread; ha make* show 
and exchanges part of his Income with the baker for 
breed which the baker baa made. 

If American cbemtots can operate these Industries 
better than or a* good aa other nation*. It la no real 
ground for criticism that they cannot do everything 
better than any other nation, no more than the shoe¬ 
maker la to be criticised because he cannot make a* 
good a suit uf clothe* a* the tailor. If you want the 
Hhuenutker to be able to make a suit of clothes aa well 
a* the tailor you must provide him with the opportu¬ 
nity to learn bow to tailor and take care at him while 
be hi learning, and no doubt hi* suit of clothe* will oust 
him more than It would co«t an ret*blbhod tailor to 
turn out the name kind of a suit of clothe*, and you 
must again help your shoemaker while he to trying to 
market hi* suit of clothe* against the established tailor, 
suiurein ADorrtoWAL AMEmiAH chemical imduui*. 

The above nineteen American' industries referred to 
by no mean* comprise all the American Industrie* in 
which the chemist can be of help and Emlsteltce. Many 
more are open. 

A search through the return* for 1000 disclose* (be 
eighteen additional Industrie* listed In Tabto lb which, 
make oao at chemist* In the control of their operations. 

In these eighteen additional Industries the chemist 




**«■ >u* AU. rakuann* . MAI5.04* H0,«7I.’o3l A70 •SJIV.MO.m 

ANEW CAW ISDUmiB* TB. COAL-TAB BIBB. 

A moat liberal estimate of the market value of the 
world’s entire production of coal-tar dye* places It under 
IIOO.OOOJWO; tha entire consumption In ths United 
States to lens than »1B,0«W>00, duty Included, and this 
amounts to about IB cent* per pereon per year. 

Now, which would you rather have, these thirteen In¬ 
dustries with their $2^00,000,000 worth of manufac¬ 
tured product or the coal-tar industry with it* $100,- 
000,000 worth of product? The number of person* w 
ployed In thaw shove thirteen Industrie* to In ex eras of 
000,000; the entire world's supply of coal-tar dye* to 
made by tower than 40,000 people. Which would you 
rather have? 


affect* 8 per cent of our wage-earners, 12.0 per cent of 
our manufacture values, and 0.7 par cant of our vsIuch 
added by m anu f acture. Fur there thirty-seven Industrie*, 
then, the 0.01 per cent of chemist* of our population 
directly affect 10 per cant of our wage-earner*, 34.0 per 
rent of our manufacture value*, and 302 per cant of 
our value* added by manufacture. 

This, therefore to a measure of the Influence of the 
chemist upon the Industrial development of the United 
states; however gratifying this remit Is, it to narerflie- 
lees true that many other Industrie* could eeaploy 
chemical control to great advantage, if they only would, 
and many wrtabUahmenta under the above cited Indus¬ 
tries could. If they would, make uae of chemical oon 
truL There to plenty of work left for the cbrtttot to 
do in these Industrie* to keep him fully and profitably 
engaged. Tbto being *o. why should he not continue to 
direct hi* energies to Improving those things that he 
already am do, rather than attempt new and exotic 
things which other* can do better than bet 
the resale m aOEWre*. 

Ho much for oar Internal relations. Bow about our 
International relation*? To answer this quretion I will 
use the official claaMOcation at the German government 
a* to what constitutes product* of snd for chemical In¬ 
dustry and atoo the aame government'* corresponding 
figure* for 1*18. 

No two couatrtoa, speaking through their gtattottoal 
department*, have the same wortdng definition of chern- 
Ical Industry. Nou of the official riaaatflcatiOU to aa 
comprehendr* uto the official Oecfeu etorettatioo. 

• So tor is the exchange of products and eommodltire 
Involved lu ebemtal pursuit* to concerned, the Gutman 
classification shows a total of 442 item*, « which 220 
■re Involved fet lntarastionsl trade between Gecmaay 
aud the United Btataa. According to there figures and 
thto Hareteoattou, the Uslted States Imported from 
German in 1018 , mmm, and reported *- ~- 


Three thirteen Industries employ 8 per eent of all $lfifi.0ed®0, er$ total business of fU^gegjre, with s 
wagwreiMre In manuf a c turing enterprises In the batonoo in fhvor of the United ttatre of I 

United States, produce 12 per eent of the total veto* of have re j e c ted tram this 1018 ttot of Marne Of todew 
“? u ^S^_ prodart '-i” 5 * 0* totei tetweeu Germany and this wustry three where grow to 

value added by manuftetere. In other word*, the ahem- 
tot engaged in there thirteen penult* ptoys aa team* 
taut, if not tnffto p rereWh put in the Uvea of 8 per eat* 
of our wageremar* and aflreta 13 pre oret ef $«$.. 
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& petroleum u It soils oa tnl- ngemert of man; ot our industrial enterprises reqnlr- th* tutc that tl 


m ud otbar ctaMar dye*; that we »eU Germany tin chemical knowledge in their < 
■p***t*4»87 the AM* aiooimt of pig and scrap lead, u theee men In responsible poelUotu 
Omemtv mitom Ot aUfarin andaathracen# dye.; that leal education eren along the lli 
wo Mil Oenaaay almost u aneh parefflno aa Herman? financially active. In those cat 
MU*.ha of bttfo; and ao oa through the list and chemical problems are not 
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tug chemical knowledge In their exploitation- Many of 
theee men In responsible pool tl one do not have a chem¬ 
ical education even along the Hue* In which they are 
Bnaudally active. In those caeca chemical uovcltlea 
and chemical problems are not passed upon, on their 
merits, by cboulsts or by men with a chemical polut of 
view, but by merchants, by lawyers and by bankers, 
men who, by their very training, are not capable of 
taking the chemist’s point of view, of having the chem¬ 
ist’" sense ot proportion. and are unwilling to take a 
chemist's chance In a chemist's way. Therein lies, per 
haiw mow than In any other one thing, the reaeon for 
Germany's supremacy In most of the branches of chem¬ 
ical Industry. That also Is the reason for the success 
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BELATIVa QDAUTlCa or 1UFOBTS AND KX FORTH, 

Of course, It will he contended that the things (hut 
we sell Germany are, from a chemical point of view, 
len refined, L c.. Involve loss hard chemical Intellectual 
work than do oar Imports from Germany. Hut, Is moat 
of the potash, which is practically mined from the 
ground In Germany, any more of a refined pnslnct Hum 
the iihoaphate rock we sell them? Does It not Involve 
■lulte ss much chemical Ingenuity to produce good illu¬ 
minating oil from petroleum an It does to produce many 
of the coal-tar dyes? There is no question that the 
general position above outlined la correct, namely. Hist 
our products, an a whole, are Ian refilled than those 
that we get, ge a whole, from Germany, hut Is that 
not true practically throughout our entire export and 
Import boatnem? Are not the textiles we export of a 
lower grade than those we Import? Are not our lee I her 
products lew refined than those we boy? And so ou 
down the list That being so, why pick out the cliemlst 
•S a special mark for criticism when he Is at least up 
to the average of bis aummndlngi? 

In 1013 the total foreign business «f the United State# 
amounted to *4327,34H,1>0B, and the excess at exporta of 
all Muds over Import! of all kinds amounted to 1801.- 
271,040. 

The trade in chemicals and products of and for chem¬ 
ical Industry between the United State# and Germany 
In IBIS furnished 8 per cent of that total of Interna¬ 
tional bualneas and provided 13.8 per rent of the balance 
of trade. 

• THE IWnVKRCC Off THE CHEMIST. 

The symposium of papers presented to-day cooitttulw 
a record of proud achievement, of aolld accomplishment 
in nineteen different branches of American Industrial 
activity, to which advance the application of chemical 
knowledge, chemical principles, and chemical experience 
by American chemists has contributed a noble share 
aad an effective part. It la perhaps true that much of 
(Mt program would have cosae without the American 
Chamhff, but H U equally true that under those condi¬ 
tions the advance would have been much slower and 

have happened at all without the faithful, with artistic 
"tad alert cooperation of the American chemists on the 
Job. Witt aoch a record, the American chemist can 
botfi up Us Mad with pride and self-confidence, firm in 
the belief, and warranted In his eonrictinn that he baa 
*»a a man’s work. In a man'i way, that ha has not 
heqa an id)** oof a sloth, nor a drone, but that he has 
baa* one at the tartart of boxy workers, with a kean 
ey« and al aMrt latwUeot always searching for an op- 
■,’lhffttatw *w tte Wgaf k e nt o* hi* laduitry, and for 
>ttffrgf«H*t at tbai.eapAticaa ot (da Mowman. 

-■.V > - umbo* at»pmi«rr. 

m «*■*«*• pot done More la by do maaaa 


The chcmlHt must not uttcni|it to n I (solve lilmm-lf from 
nil resiHHixllilllty fur tile prcvslllug lack of hppith-IhIIiiii 
or ski>|Hk-Uni uiuong cnplIaUxts nnd bunkers of the value 
of (-IuhhI csl work lu Industrial o|icratlonH. While oiHiqie- 
lent cliembilh aud chemical engineers by their very' ef¬ 
fective work have wrung from reluctant fiimnclul men 
pioiicr acknowledgment of the value of chemical ex¬ 
amination. control, nnd management of enterprises re¬ 
quiring Mich, yet the work luis not gone far enough, 
mid It Is not at all unusual for financial men to sup- 
|sirt with might aud main enterprises which any qiuili- 
tted rhemlMt or chomtc-nl engineer eoulil anil probably 
did tell them were foredoomed; also It must not la- 
forgotten that qualified chemists nnd chemical engi¬ 
neers, like other professloual advisers, have gone astray 
III their ea leu In Huns and have supported enterprises 
which ultimately failed. The mining, eleetricul, Hiul 
railroad engineers Hually succeeded lu obtaining their 
preseut lnfiaentlnl position among the Industrial coun¬ 
cils of this country, nnd with Ihc brilliant success of 
the chemical engineers of Germany 111 the same direc¬ 
tion It Is not too much to ho[s- that ultimately the 
American chemist aud chemical engineer will come Into 
Ills own. When ha does, there will be far fewer ex¬ 
ploitations than heretofore of the wild and fHiilasIlr 
schemes of cheiniial enterprise now so easily financed 
by the gullible jHirtlon of our investing public aud fewer 
and fewer failures of chemical enterprises undertaken 
In good faith and serious mood. 

Therefore, let every cbomlat In advising on chemical 
operations prominently bear In mind that failure to give 
correct advice not only reacts upon him but upon each 
aud every member of the chemical profession and 
merely helps to postpone the day when the chemist will 
come Into his proper position among tbo makers of the 
nation. 

COKOIESS ARD CUKMK 1 AL IKDU 8 TIT, 

Mke every other Industry, all the branches of chem¬ 
ical Industry are dependent for their ultimate success 
ui-on economic conditions. They most be able to sell at 
s price greater than their coots. It la not enough to 
have the material, the men, and the "know how"; yon 
must have the market a* well. However, the attitude 
of consumers of chemical* In this country baa habit¬ 
ually been opposed to the creation In this country of 
conditions favorable to the manufacture of chemicals. 

The following quotation from an addrwa In 1910, by 
Dr. W. H. Nichols, 1 pres e nts this aspect of the problem 
completely. 

1 “It a comparison van made hstweac the chemical Industry 
of tkti country sad that of other countries, it would be (band 
that the lad Retry la this eaaatry la moat respeete la rally oa a 
par.itith,thaUBkaay other eoaatry, and la soma reepecta le 
waD la'the 1 teat It la a public notion that our ladoatry U 
coddled by the tariff, and la thereby baaed upon a eomewbat 
laaaeaie found*Hoe. LU* many other pabUc notion*, this la 
act tram It will be area by cereal examlnartoa of th* ito- 
peril that tier* are a number of ehttaieala which are not made 
la this eoaatry at all, sad a lumber of others wtysh are mad* 
oaly to a modareto extant This la not dot aa much to lack 
of enterprise of the chemical ma n at ee t ar ars ss the fart that 
the tariff la distinctly ufavonbls to the moaufartan of many 


tlu«y desired to found II was for the reason that capital 
eoulil Is- more profitably employed otherwise and money 
tins (he stubborn habit of golug where It can obtain the 
higgled, return-lung walls and uncertain results have 
no stl met Ions for It 

(To bo continued.) 

Tincture of White Soap* 

It lx assumed that when a surgeon Is washing up, in 
preparation for an operation, the aim Is to thoroughly 
cleans# the akin and to remove all grease aud other 
innttera which are liable to ontangla or harbor bacteria. 
For this purpose, soft soup Is generally employed, either 
as such or aa made up into tincture of green soap, or 
other similar alcoholic solutions. 

Throe objections to soft or green soap appear, via.: 
(X) It carries much free alkali, whleh tends to roughen 
tlie skin; (2) It has a disagreeable odor, often masked 
by the addition of oil of lavender or cnrbolli- arid; (3) 
It clings to the skin uud enunot readily lie so completely 
removed that no odor Is left. 

With the aim of preparing a liquid soup which will 
not carry these objections, I sought to substitute for 
this use white eastile or Msiwlllm soap. This soap Is 
soluble In nlssit 0 parts of i-old water and In shout 17 
lisrts of slcobol, whleh solid lous are fur too dilute 
for the use In question. 

"White soap," however, Is soluble lu about two parts 
of dilute alcohol, slid the addition of a little amrooula 
further Increases this solubility, so that with It we can 
obtain a solution containing as much true soap as Is 
present In an equal volume of tlucture of green soap. 
(Note that green soap, as sold, retains the glycerine 
of the oil and much water.) 

The name aud formula proposed for this preparation 


Of alcohol .300 c. c. 1,400 c. c. 

Of water, dlst .328 c. c. 1300 c. c. 

The specific gravity of this la 0.07, which la Identical 
with that of tincture of green soap. 

To males one gallon: Mix the liquids for It In one 
gallon Jar and then add the soap, previously cut Into 
coarse shavings. Crowd all the soap Into the jar and 
cover It with a glass plate. After 12 hours stir, and 
again stir after some hours. Allow to settle 13 hours 
and then filter, decant or syphon off the dear liquid Into 
a can which may be kept dosed. There will remain 
a few ounces retaining the Imparities of the eoap, which 
may be used for leas particular washing. If this liquid 
Is exposed to evaporation for a few hoars, ammonia 
and alcohol escape, and a mass of the consistency of 
green soap will be obtained. 

This form of soap alone baa been employed by the 
surgeons In the University Hospital for the part year 
or more. While this preparation la free from the three 
above mentioned objections to tincture of green eoap. 
It presents the additional advantage of coating but $1.00 
per gallon, and, If the alodial be obtained tax free, 
the cost will be about 80 cents per gallon, while tincture 
of green soap will coat m dollar or more. 

■ mmt hrtkra tbs Medics! fiectloa rt tb> Phttmaphtad 
Me* ef th. Urtvmrttj of TUgl**. 
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Fig. I.—Loading a sherardizing dram. 

Ni'MKIkidh processes are employed for rust-proofing 
metal articles. Of those Olio general elas* ia Imaoil on 
I lio appla-alion of a coating of r.ino to tho work. Of 
tlio xint'HMmting proowiHon, the uIiIpsI in (Munition tw in 
undoiiblcdly hnl galvanizing. This in essentially a 
dipping oiM-mtlon in whinh tlio work. after being pro¬ 
perly cleaned, in iniinunwd in a lank of molten aim-. 
Another method of rust-proofing Is the cloolro-galvaliiz- 
iii K process which liad its inception before hot galvaniz¬ 
ing, luit only until within thu taut few decades lias it 
omnu into use. This is an electro-plating process, in 
which zinc la deposited from an anisic onto tlio work. 
In tuhlition to these two processes, there are other* 
hazed on tho Immersion of the work In aohitioiui of dif¬ 
ferent kind*, and at leant one in which tlio zinc, dust is 
sprayed on the work while luit. Another sine-coating 
process is sherardizing and it is tho purpose of tills arlielo 
to outline tlio practical side of tlds interesting process. 

TnK HIIKRARDISINU PHIM'KHH. 

Tile nhorardixiug process was originated in England 
hy Hhurard Cowpcr-C'olos about 12 years ago. Briefly, 
tlio process consists in sealing the work to ho sliorardlzcd 
in uietal retorts in conjunction with motallio zinc dust. 
The retorts are then hnated until tho work at tho eonter 
has reached a temperature of from COO to 700 dog. Fahr., 
depending upon the nature of tho work: at tho same time 
the retorts are turned interinlttently so as to give tho 
ziue dust access to all parts of the work. After holding 
tills heat for several hours, tho time depending on the 
thickness or the coating desired, the drum* arc taken 
from the furnace and allowed to oool. When cool the 
work is finished. The sheranlizlng process can bo ap¬ 
plied with ndvanlage to a great variety of articles, liow- 
eier intricate. These range from a watch screw to a 
roll of wire fenoing. A shorardlzod surface U light gray 
in color, and the fluish imparted Is a fine matted surface 
resembling that obtained by sand-blasting. Fig. 3 
shows a shornrdizod surfaoo magnifleil 7(1 time* which 
hi‘ counts for the rough appearance. 

The action Dial takes place in sherardizing consists 
in forming Imlli a zinc-iron alloy and a coating of zino 
upon the material to be treated. The zino dust beoomus 
partially vaporized undor the influence of the heat 
applied, anil the va|ior thus produood in condensing 
u|um the hoi Iron forms the protecting coating, tho In¬ 
ner layers of which alloy with tho Iron, while the outer 
layers provide additional surface protection of nearly 
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pure zinc. Fig. 4 will perhaps make this point clear. 
This shows a section through a piece of low-uarlwn steel 
that has lieon shcrardiiod. This has been magnified 
1,300 times and plainly shows the body of the stool, tho 
zinc-iron alloy section anil the pure zinc coating above. 
It should bo explained that this photograph was taken 
of a suction formed by cutting through the stock and 
polishing tho surface. 

ADVANTAI1ES 0» THE SBEHAKDIZINU FHOCKKS. 

Sheranlizlng has advantages over other methods of 
zino ooatieg, which may bo classed undor two heads; 
first, the superiority of tho product and second, the 
economy of the process. The fact that the zinc coating 
licnctratos unlike any othor method or zino coating, and 
amalgamates with the iron, make* a finish that cannot 
be worn or naton away. In addition, th* coating i* so 
ovenly applied and so thoroughly driven into tho surface 
of the matal that it dues not alter the exterior of the 
article to any appreciable extent. In fact, sherardizing 
is perfectly practical for the protection of threaded 
screws of flno pitch and it is not not necossary to roout 
them after the coaling has been applied if a slight 
clearance is made when outting the thread. Because 
of the nature of the process every part of the article 
treated is reached, llm insult* of tube* or sharp comers 
are coated just as thoroughly as the more exposed places. 
The depth of the coating may be controlled by tho 
metallic percentage of the zino dust, th* length of time 
tho hunt is applied and by the temperature to which tho 
retorts are subjected. There is no distortion of slender 
pieces or thin object* such a* might ooour when using 
the hot dip, because in sherardizing the heat is applied 
gradually and the work just a* slowly cooled off. 

The eoonomy of tho process is at onoo evident by tho 
low heat required, the temperature of 800 to 600 deg. 
Fahr. being far below the melting point of zino, whioh is 
780 deg. Fahr. Low zino Is required because none Is 
wasted. Tho thin but thorough coating that Is applied 
is just ai effective as the thick rough coating that the 
hot galvanizing process gives. A sherardlsed coat of 
nue-half ounce to the square foot affords more protection 
than a galvanized onating of 1H ounce to the square 
foot. No flux la neoeasary and the preeenoe on the 




Fig. 2.—Charging one of the furnace*. 

work of non-fatty oil in a moderate dogree doe* not 
inlerfure with tlio Biiorardizing. . 

There Is praetiooliy no limit to tho metallic products 
that may be ahorardized; in fact any article* that way bo 
placed in tlin drummay he so tnated. Oftentimes drums 
of spooial sliape may lw made to accommodate certain 
products. Screonlng, wire, oto., may bo handled just 
as effectively aa inflexible material by colling It and plac¬ 
ing it in that atalo in the drum. After ehorardizing, the 
wire or screen may bo straightened without injury to the 
coat of sherardizing. 

Practically tho only limitation to the sherardizing 
process is the fact that on very small tempered steel 
articles such as springs, tho boat of 600 degree* or there¬ 
about* will draw the temper, leaving tho metal in an 
annoaled condition. On most work, however, tlii* is 
not objectionable. 

The prooees of shnrardizing la not confined to the coat¬ 
ing of the product with ziue alone, but aluminum, tin, 
eto., are also used for sherardizing to good advantage. 
Zinc, however, is the leading metal on acooiwt of Its 
ability to resist corrosion, due to ita being electro-positive 
to iron. 

UNO run BmcBARDUlNO. 

The zino duet used in tho process of sherardizing is 
commercial zino dust, of whioh at this time about 90 
per cent is imported. On an average, the composition 
of this material runs about 60 per oenl metallic zino and 
10 per cent zino oxide. Zino dross is sometime* used, 
but not very successfully, as it will not alloy with tlio 
work being treated as intimately as the finely powdered 
zino dust, although when the two aro oomblned in equal 
parts they show good results. The‘best result* are 
obtained when the sine dust has been reduced to about 
60 per oent metallic by the addition of spent zino; there¬ 
fore, new zino Should bo reduced to that percentage as 
rapidly as possible. 

Sbetardiand material require a deposit of 4 pouuda of 
zino per 100 pound* of material treated, as an average. 
After the sins has been reduced to the right percentage 
it may be held at that strength by simply replacing 4 
pounds of new zino for every 100 pounds of material 
treated, taking care that it is thoroughly mixed with the 
•pent zino dust. A chemical analysis of the dust In 
use onoe a month la reoommended. 

OLSANINO THE WORK. 

Sherardizing, like other zino-ooatlng processes, should 
have a clean surface to work upon. The preeenoe of 
soale, rust or dirt greatly interfere* with tho shamnlizing 
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Fig. 4.—Ealargsd wmiifh i photographs* thro** 
a pise* «f ahsraribs* sta) MgaiSs* UM* ttaaa. 


Fig. 7v—Tsratag th* draaa. 
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notion. MmWm product* Uk* hmwi and bolt* require 
no «le*alnf ottar than aa alkali dip. fiud-bUrttag 1* 
, 4 pic7*d for deanto* relatively large piece, and an add 
plaid* 1* the oommon medium for removing Male. After 
olwikc with aeld by the piokHng pcooe**, the work 
*houM. be thoroughly neotnUxod by placing It in a 
boiling eolation of cyanide (mixture, 1 pound cyanide 
eryrtal* to 30 gallon* of water). A bright coating of 
lino I* aeaured, by taking theea precaution*. 

The claim ha* been made that article* coming direct 
from the machine covered with oil can be aherardlxed 
without cleaning. Thi* ia true where no fata are used 
with the oil, and the sine dust ia new and of sufficient 
metallic strength to force Itself through the oil. How¬ 
ever, experiment* along these linns have proved that 
after several operations, the material 


The drums In which the work is packed with the line 
dust may be of any convenient shape awl else to fit the 
furaaoe In which the work is to be dono. The one shown 
In the llhutration Tig. 4 it 4H feet long aud 18 inehe* 
Inside diameter. These are made of boiler plate with 
flanges at each end, upon which the end cape are bolted. 
In the event of the work being too long for the drum, two 
of these drum* may be bolted together, making an extra 
long drum. The operator shown In Tig. 1 ii loading 
the drum with chains which he taken from the barrel 
that may be poen at the right. In the drum shown, 
about 360 pounds of ohaln may be accommodated. The 
drams are filled in the same manner that a oasehardoning 
heat Is prepared, first a shovelful of the line duit and 
then a shovelful of work is placed in the drum, and so 
on until the retort is filled to within about 2 inches of 
the top. This space is left to provide for expansion of 


NswHavan SWardixmg Company, for the purpose of 
T hU U * "oke-bumlng furnace, although 

tor ^ *• ta fMt ’ ^ otte »3i. 

It is especially valuable in urban districts where no 
Uquid or gaseous fuel is available. The operating cost 
of this furnace is praodually the tarns as for natural ga* 
or produoer gas. As Kg. 6 shows, It is made on the arch 
construction plan, employing a double arch. One of 
these arches i* over the work chamber or oven and the 
second arch, which is larger, embraces the first arch and 


After the head* have been bolted an the drums, they 
are ready for the fumaoo. Tig. 2 gives an adequate Idea 
of the way a sherardlxing furnace is ohargod for firing. 
The laborer who fills tho retort, loads thorn upon a skele¬ 
ton truck, the top of which ha* a cross track from whioh 
tho drums may be rolled into the furnace by meant of 
wliecl* slipped over their ends. It will be noticod that 
the drama are spaced and held by an angle iron frame. 
This viow shows tho square sockets in the drum-caps, 
iiy means of which tho drums inay he turned while the 
ahurardlzlng is going on. 

THB HHEBiHDlIlNO rUBNACS. 

The requirements of a furnace for nhornrdlxing are not 
sovero. On account of the fact that the maximum heat 
required to be imparted to the wotk is only from 500 to 
700 deg. Fahr., illuminating gas, natural gas, oil, coal 
or even coke may be used. The New Haven Bhorordlz- 
Ing Company Is paying special attention to coke furnace*. 
In other lines of work ooku furnace* have not been in 
general favor on account of the low amount of heat to bo 
derived from this fuel, but os oolte will give a sufficient 
heat for sheiardlxing, tho economy of tho coke furnace 



which provide* for the turning of the sherarriizing drains 
at stated interval*. Intermittent turning of the sherar- 
dizing drum give* better results than tbs continuous 
rotation practice that has been advocated by some 
authorities. The work « much cleaner and brighter if 
not continuously rotated during the therardizing process. 
In those plants whore continuous rotation is practiced, 
the drums are turned one revolution every two minutes. 
When turned by hand Intermittently, the operation is 
performed os shown in Fig. 7. Short squared shafts 
extend through the fur none wall and into the socket* 
in the ends of the drums. Every 15 minutes the drums 
are given a half turn to mix the contents thoroughly 
and allow tho heat and sine to havo nocoss to all pnru 
of tho work. From tho above, it will lm seen that then¬ 
ar® three methods in vogue for turning tlio sberardizing 
drains while under heat: viz., continuous rotation, auto¬ 
matic intermittent turning and intermittent turning by 
hand. Alwve the squared shafts shown in Fig. 7 mar 
lie seen tho pyrometer that indicates the fumaoo heat 

The temperature at which the furnace ih kept varies 
according to the size of work being slierardizul. From 
600 to 700 deg. Fahr. marks the range limit*, large work 
requiring the higticr heat. The drums are kept healed 
for a period varying from 4 J-j to 0 hours, according to 
tho doplh of tile Bhrrardizitig coat that it is desired to 
give the work. 

At the cud of tile prescribed time that the drums are 
kept under Heal, they are rolled out of the furnace uud 
allowed to cool slowly until they may bulutndlod without 
innoaveuiunce. For tho unloading operation tho drum is 
hoisted to the mouth of a rotary screen and there emptied, 
tho contents passing tiirougli the rotary semen. Tho 
work emerges at the outer cud, while the zinc dust 
drops through tho screen and out of tho way. It 
will be seen that the mouth of tho screen loads out of a 
forge-iiko structure that eatelie* the work a* it is pulled 
from llie drum aud allows tho floating dust to lm carried 
away in the exliansl overhead. The work ouiergiug 
from tho farther end of the screen is caught in a suonnii 
screen and tho proves* repeated until at tho end it is 
perfectly oloan and free from all zlne dust. 


Fig*. 6 and B show a new coke furnace made liy the 


Fig. 6.—Section through the coke horning furnace. 

also the ooke burning pocket at tho side. Near the 
center of the arch over thu work ohamlier, there are a 
number of rectangular openings. The heat passes up 
from tho eoke pocket to thu top of the large arch, and is 
drawn downward through tho rectangular openings into 
the fumaoo and onto the work. Each of those several 
openings is controlled by a separate damper whose 
liandle* may be soen at the left-hand side at the furnace 
in Fig. 6. 

The furnace has an automatic drum turning feature 


There are four climrges that enter into tho cost of 
aheranlizlng. First ia the royalty tliat must be paid 
to the owners of the process, second the 1*1 kit cost, third 
the cost of the zino dust and fourth the fuel charge. The 
royally is in ail coses approximately J2-8» per ton of 
material sherardized. Tho cost of the zine dust required 
for a ton of work varies with the size of tho work but is 
approximately 95, based on the use of 80 pounds of dust 
at fiff (tent* per |s>und. The lalx>r cost for handling 
a ton of average work would he about 93. The fuel cost 
varies, being for producer gs* 91 75 per ton, for illumi¬ 
nating gat 94 per ton, for natural gas 75 cents j>or Ion, 
for erode oil 90 cunts jier ton and for coke 75 cent* iht 
ton. From them- figure* it will bo seen that expense is no 
barrier to tho use of this most offieienl of rust-proofing 


London Traffic Dangers 

With the continued sheenee of effective men sure* of 
control and for the relief of congestion, London's traffic 
problem steadily luereaaea lu complexity, and, unhap¬ 
pily, the tale of street accident* aa steadUy grow*. Sta¬ 
tistics published in the aunual report of tlie London 
Traffic Hranch of the Board of Trade, Issued recently, 
show that In the last decade accidents canoed by road 
vehicles In the metropolitan area have more than dou¬ 
bled, and that the proportion to population Is con¬ 
tinuously rising. 

It Is true that people travel much more than they 
used to do. In 1904 the Journey* per head of the popu¬ 
lation were only 1508; In 1013 they were 271 A, an In¬ 
crease of 80.7 per rent But the‘corresponding totals 
of street accidents were 11,007 In 1904, and 20,830 in 
1013, an Increase of 11B.9 per cent Fatalities In par- 
tlenlar have become much more numerous, and there 
can be no doubt (nays the report) that this is largely 
due to the multiplication of motor vehicles. 

In 1918 power-driven vehicles again caused some &OMO 
more accidents than In the preceding year. Nor was 
the previous decrease maintained In those caused by 
horse-drawn vehicles, an actual Increase over 1912 be¬ 
ing shown In 1913. lu the four year* 1910-18, 45,386 ac¬ 
cidents were caused by power-driven vehicles, and 43,077 
by other vehicles. Including cycle*. 

Three per oent of the accident* doe to power-driven 
vehicles in 1918 proved fetal, and 2% per cent In the 
case of hone-drawn vehicles. That this la largely due 
to weight I* shown by the relatively high percentage of 
soddrmts In the iwae of the heavy motor car and the 
motor Tm*. with M and 6.4, reflectively, on the other 
tend, the electric tram, the heaviest vehicle of all, with 
Its low percentage of LB, is an exception, and this l* 


accounted for by the high efficiency of (he lifeguard, 
which has been the moans of saving many lives. 

While the motor -bus still heads the list with the 
largest number of deaths—550 In the four years—the 
danger of those vehicle*, lu proportlou to the work done, 
has largely decreased. Tliero la no doubt that I ho fit¬ 
ting of the side wheel guard has had a very beneficial 
effect In checking the number of accidents, and tho 
latent returns go to show that the improvement was 
still more marked in 1914. 

Investigation prove* that as a whole powcr-drtvcu 
vehicles are twice aa dangerous as horse-drawn vehicles, 
while the cycle Is slightly less dangerous than any other 
type nt vehicle. As regards causing death, the differ¬ 
ences are much mure marked. The cycle la by fur 
the least fatal, and considered as the unit to which the 
other vehicles are referred, the electric tram and horse 
vehicles come next, being nine limes us fatal, the motor 
cab eleven times, motor cars twenty-three times, nnd 
motor "buses thirty-eight time* as fatal us the cycle. 

It Is added that sotting up of a Urge number of ad¬ 
ditional refuges, and the compulsory fitting of guards 
to the stdewhsels of *11 motor omnibuses have already 
done much, and will do more, to check the rats of In¬ 
crease In accidents. It would also he advisable that 
the heavy commercial motor cars now In use should 
have similar guard* fitted, hut In view of the fact that 
the average of the three years 1910-12 showed that Bfi 
per cent of the fatalities were due to the Inadvertence 
of the pedestrian, tbs best hope of further Improvement 
seems to He with the pedestrian himself, and there Is 
no doubt that tho average person Is now much more 
carefal than be used to be. 

In 1918 the number of iswsenger* carried by rail¬ 
ways, tramways, and omnibuses in the London area 


reached the colwsnl total of 2.007,348,1155. Of then. 
102.010,537 were railway, 811,307,317 tramway, nnd 733.- 
031,201 omnibus passengers. The total represents 271 5 
journeys per hend uf the population. In 1UU3 the aggre¬ 
gate whs 072,465,11X2, equivalent to 144.0 Journeys |«-r 
bead. In addition, cub Journeys In 1918 are i-xtiniHlcd 
at over 50,000,000. 

Horse drawn vehicles continue to be supplanted with 
reiuarknhle rapidity by those mcchnnlcally propelled, 
and the extinction of the horse for iinssongcr purioBos 
seems now almost In sight. Some years may elapse 
Is’fore this result is achieved among l rude vehicles, lull 
the motor Is lidding very largely every year to the lm 
portnnee of nrtorlul communication by nsul. The obser¬ 
vations show that In 1914 only 1 tier cent of the [six 
Monger vehicles were horse drawn, muiiuircd with H |nt 
cent in 1013. II per cent In 1012, and 13 l>er eeul In 
1911, aud that In 1011 85 per rent or the trade vehicles 
were Imrac drawn, compared with NX tier rent In 1013. 
91 per eent In 1912, and 94 per cent In 1911. 

As showing the growing Inadequacy of I ho ninln 
arterial roads. It Is stated that the total horse :tud 

motor vehicles enumerated at 84 points, fairly distrib¬ 

uted nil over Iminion, Increased In 1914 by 19.2 per cent 
over the figures for 1911. “The greater imrt of this 
Increase occurs In the sune from six to nine miles from 

81. Paul’s Cathedral, which la precisely the area where¬ 

in It Is of such absolute Importance to deal with the 
question of road Improvement without delay. The Tin-t 

that estate development hHs already blocked some of 

the selected routes should convey • scrlmts warning 
that there Is no time to lose In ileallng with other mo- 

ttoos of road* on the outskirts, if exit* from London, at 

present available, arc to he saved from IIh> same fule." 
—The London flatly Telegraph. 
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The Zeppelin Question 

Facts and Figures Indicating the Number and Capacity of the Air Fleet 


So u l t ch ha* been mill about the mounter Zeppelin 
airship*, what they were expected to do, what they have 
accomplished. ami what une may be made of them In 
the future, that the following examination of the fac¬ 
tum of thine big era ft by Oeorgen Trade, publlnbed In 
he Journal and tnumlated by Flight, will be rend with 
pertteular Intercut at lliln time. M. I'rade'M article la 
ns follow a: 

'Die Zeppelin question ban become to n certain extent 
— anil, pcrliiilM, entirely ho- -the question of the day. 
Afler not baling believed Hiitttcleiitly In the Zeppelin, 
there an* now people who believe too much III IL Per¬ 
mit one, who lias followed the mutter from the first, and 
n ho hua aiqin-eloleil the splendid effort* of Count Zep- 
Ih-IIii, to examine, figures In band, and In the light of 
enlil reality, the probable nelnal alnte of the German 
uertHl fleet, the nature, value, anil immtier of Ita unlta, 
the poHHilillltlea and (lie exact coiidtUona of a raid on 


HlroiiM enouuh, rumor haa made I hem even larger. Homo 
writers lrnve gone mi far aa tu talk of “Huper-Zepiiellna'' 
of 400 yarda In length, ivlileli preHiiuiea a trltle of 
300,000 cable meters. It ran Im alated without heslta- 
I Ion I hat the modem Rerman dlrlRlblea are of the sumo 
tonnage Hh before the war, which la, of eourae, licces- 
aary for their rapid manufacture. Material proofs of 
tlila atatenmut, of which the flrat, Kufflrlrur In ltarlf, Is 
the actual dlmcnalona of the Rerman alieda, are obtain¬ 
able. The longcat abed In Rpniumy. that at I-olpxlg, Is 
1rtl meters, and those at the works of Frledrlebshafcn. 
which hare not yet I wen enlarged, are 178 meters long. 
The mlatahle abed at Cuxhaven. which cannot be en¬ 
larged, Is ISO metera. Those at Cologne, Meta, aud 
Iluileu are only 1118 and 160 metera. The PTenoh hangar 
at Manbeugc haa lately been enlarged to 100 metera by 
(lie Hermans. The two 1014 typea of Zeppcllna meas¬ 
ure: The 22,000 cubic metera nr my nlrahlp, length, 1M 
meters; diameter, 14.8 meters; width over (lie propel¬ 
lers. 22.5 metera; and height, ltU-t metera. The 27,000 
cubic meter* naval airship, length, 158 meters; dtam- 
oter, 10.58 metera: width over propellora, 22.8 metera; 
and length, II) metera. These figures represent, there¬ 
fore, the maximum alxe nlrahlp which will enter the 
actual German hangar*. It haa been possible to Im¬ 
prove their economy, hut their tonnage, aud conse- 
quentiy their radius of notion, useful load, maximum 
attainable height, and speed are the same to-day as they 
were In July iaat. This radius of action Is sufficient 
not only In times of ltcacs, but also In war time, aa evi¬ 
denced by the t’lixbaveu-Yarniouth-Cuxlinrcn raid. The 
length of this was 730 kilometers [453 mllea], or equal 
to a cruise from Frankfort lo Paris and back, or 
Cologne to London anil back. Airship* of the some type 
and carrying the same load can, therefore—theoreti¬ 
cally, and speaking from the aeronautical imlnt of view 
—repeat the performance, starting out from a sufficient 
number of sheds. 

What are these airships? What weight of laimba do 
they carry? Wo know that the Germans have naval 
nlrshliis »r a known ty|<e, and of 27,000 ruble meters 
capacity. Let iih first attempt to ealenlate their load 
«f explosives, as this will servo ns a basis for the estl- 

L-t us stale, flrat of all, that the leaaoiiH of experi¬ 
ence (the Isimlstrdment of Antwerp, Ostend, Client, of 
the llelgtan ranqialgn. of Warsaw, Ploek. Nancy, the 
Mngllsh coast, and Llbau) have np to now been very 
reassuring. In each case there was no real bombard¬ 
ment. and Hie cruisers of the air, which were the same 
In numbers ns nt Yarmouth (two or three) have 
drupissl fen- I snubs; bomba, moreover, which were of 
light wolghL and small effect. There were twelve deaths 
at Antwerp, not a Mingle one at Oaf end or at Ghent; 
forty deaths from live bombardments In Polaud, two at 
Nancy, four in England. This given a total of about 
sixty victims, that Is to say, the crews of two large 
Zeppelin*, all In six months of campaigning, and alter 
fnnrtoeh attacks, during which period the flotilla loot 
at least live units. Nowhere have bombs been found 
weighing more than ID kilogramme* [IDfl pounds] (this 
was the weight of the Isinih found Intact al Yarmouth). 

The estimate of the useful load which a Zeppafe Wttl 
retry will explain this mystery, which caauot be 
sxrlked to Teutonic modesty. 

The Oermans here carefully withheld three figarra 


fiom us. In the German Taaohcaheoh of the aarlal 
fleets, the useful loud of ZopptUns doee not appear. We 
hare, howcvqr, fairly exact data to go on. The Bret 
were furnished at the time of the landing of “Z-4" at 
Lunevllle lu April. 1018. ThU airship was of the 19,500 
cubic meters [23506 cubic yarda] type (141 meters by 
14.8 mete re—4*00 feet by 48.5 feet). The total lift 
was, therefore, about 90500 kilogrammes [48,106 
lamnda], but the ship's hooka allowed that the dirigible 
Itself, framework, fabric, motors (throe Mayhacb of 
180 horse-power each, and each weighing 448 kilo¬ 
grammes—088 pounds), only left available a lift of 
4.HJ0 kilogrammes 110,582 pounds], which works out at 
ZID per rent of the total hud 

From these 4,800 kilogrammes must be subtracted 000 
kilogrammes [2,004 pounds] for the crew (twelve men), 
and 135 kilogrammes [208 pounds] of gasoline and oil 
l>er hour, which makes, for a six hours’ cruise (300 
kilometers—224 miles), 810 kilogrammes [1,780.75 
pounds]. Finally, In order to reach a height of I.0U0 
meters [0,234 feet], hardly a sufficient altitude, “Z-4” 
bail to jettison 3,000 kllogrummes [0,012 pouudsl of Inil- 
last. The “Z-4," therefore, had exhausted Its whole 
useful lift lu a six hours' cruise and covering a dis¬ 
tance shorter than that from the nearest German shed 
to thirls or laitalim and back, without counting prujee- 
tiles, ammunition, n rum incut, aud pormtnncl. It can 
therefore lie slated Halt, except by flying very low, aud 
thus niniilug Hie risk of being brought down, the Zel>- 
lielliiM of the 10,500 cubic meters capacity ur less, are 
unable by far tu solve the problem. 

It Is for this reason that Germany In 1003 coustroeted 
types of 22,000cubic meters capacity (28,775 cubic yards 1. 
156 meters long [ni2 feet] by 14.8 metera diameter, 
that Is to say, of I be same diameter aa the older imes, 
but with more ballouota (18 balloneta Instead of 10). 
The power and weight of the motors la the same, a* Is 
also, for all practical purposes, the speed. Neverthe¬ 
less, (he weight of the l» chamber hat been Increased 
by two ha lionets, and the following estimate can lm 
made: The weight of the gas chamber and of the keel 
has been Increased by about an eighth, a weight which 
haa tu he subtracted from the extra lift of 2,000 kilo¬ 
grammes 16,732 pounds] furnished by the Increase In 
cubic capacity. Further, the extra weight of fuel for 
four hour* which la required In order to give the dirig¬ 
ible the necessary range of action for the raid In ques¬ 
tion (ten hours' cruise of 000 kilometers—S7S miles) 
has to lie subtracted. This 1* an addition of 540 kilo¬ 
grammes [1,100 | minds], which brings the total weight 
of fuel up to 1*350 kilogrammes [2,970 pounds]. A crew 
of twelve men Is Insufficient, especially In view of the 
fact that the dlriglhle Is to be fitted with machine guns 
aud gunners. The 27,000 cubic meter type had twenty- 
eight men on board (the number of victims In the 
catastrophes that overtook "1,1* and "1,2"). If, In this 
esse, we only take eighteen men, that would be an extra 
load for (lie crew of 500 kilogrammes [1,103 pouudsl. 
Then wc must subtract the weight of the machine guns, 
of their ammunition, of two searchlights, and of the 
sheet steel armoring for the motors, which Is 2 milli¬ 
meters thick and weighs 14 kilogrammes per square 

We therefore see that the 22,000 cubic meter type 
with roll war equipment and bound for Paris or imndou 
cannot entry anything like a ton of explosives. 

There now remains the 27,000 cubic meter [36,114 
cubic yanls] type, which has theoretically 6.000 kilo¬ 
grammes [13,228 pounds] more lifting caisulfy. But It 
baa a diameter of 1058 meters [54 feet] Instead of 14.18 
metera, and la 1H8 meters [510 feet] long Instead of 
150 metera. It haa four motors of 180 horse-power 
each instead of three, and a crew of twenty-eight to 
thirty. The flrat Zeppelin captured at Warsaw had 
thirty men on board. The expenditure In fuel Increases 
by a tenth. Tb« figures gireu by the Maybach Works, 
which are. however, a minimum, give 220 gramma 
[about 8 ounces] of gasoline per horse-power hour aud 
3.5 kllogrammea [05 pounds] of oO per hour for each 

The raid on the Bpftteh mast repreaaated, oat and 
back, a distance of 732 kilometer* [484 aaOa] and a 
cruise of more than twelve hours’ duratlee, store the 
“L-V the record breaker, with a maximum speed of 70 
kilometer* [44 mile*] per hour, haa aerer been able to 
do more than an average speed of 00 kilometers par 
hour, which will giro, taetodtog the reserve of fad nee- 
essary In case of wind. 14 boars’ fuel, or UH kflo- 
sr* unite* of gasoline and 140 fcflogra ma ae of oO—a 
mlnlmnm of 2508 kilogrammes [5580 pounds). 

Let us now work oat than rapptemeutary Mi; M0 


waa oh more boat la tba "W the aaocod rear 
eoooBe haa been enlarged and tht antral cabin aud the 
keel retained; aay another 000 Ulofremmea. Increase 
In gaa chamber B/S2nds, nmanlng at Meat 3,000 kilo- 
grimes; increase to ballast take 808 kilogrammes 
(The “L-8” had to leave eleven men of toe ordinary 
crew on the ground to order to be able to Increase the 
attainable height from 428 meters to 8J28 meters 
IWM0 feet |, the Zeppelin record, estabtlsbad on May 
16th, 1014. This gives an extra height of 2,700 matera 
climbed In 8 hoars 80 minutes at the expenditure of a 
special discharge of 1,000 kilogramme*, loeiodtng the 
weight of the elarac men of the craw.) 

Weight of supplementary crew, 008 to 808 kilo¬ 
gramme*. Total, 6,100 kllograaune*. which, even by 
reducing toe ballast and crew, give* us the same weight 
of explosives, 1,000 kllogrammea [2504 pounds] at toe 
most, transported it la true, a longer distance, 798 kilo¬ 
meter* Instead at 540 kilometers. 

The large naval dirigible* which apfwared over the 
English coast certainly had not 1,000 kilogrammes 
12,204 |wands] of explosives on board, which la proved 
by the tact that they did not throw that weight I do 
not Kiqqxwe that they would have carried their bombs 
lairk tu Cuxhaveu. Thane weighed at the most 50 kilo 
grammes, and each carried at too outside twenty bomb*. 
Other flguree confirm this estimate. Hlx bomba were 
thrown at Antwerp, three at Ontoud, five at Ghent four¬ 
teen at Naucy (three airships were of toe 10500 and 
22,000 cubic meter type), and let us suppose that there 
were thirty bomb* to two dirigibles over England, and 
eighteen al Warsaw (these must have boon naval air¬ 
ships, as the Russians captured thirty men on board). 
For a raid on Parts or London, the mean distance of 
which la shorter, this figure of 1,000 kilogramme* of 
exploeire* would therefore terra us a good basis 

Let ns add that the maximum speed of the Zeppelins 
1* about 72 kilometers [40 mile*] per hour. The beat per¬ 
formance is that of the "Z-VI" (10.500 cubic meters, 
540 horse-power), Brunawick-Lelpalg-Brnnawlck, 320 
kilometers In 4 hours 40 minutes, which gives 68 kilo¬ 
meters [42 miles] per hour. (May 10th, 1014.) The 
greater one* are much slower. 

There now remains to work out the number of toe 
unite which we have dealt with. 

There were before the war thirteen Zeppelins, of 
which one wss almost destroyed—the "Z-I I.” brought 
down at Thlonvllle; the other nearing completion, the 
-Z-IX." They were, tu the order of construction: 
"Z-II" (17,800 cubic meters). ••Vlktorla-Lulse” (18,700 
cubic meters), "Z-IIl" (17500 cubic meters). “Hanra" 
(18,700 cubic meters), “Z-IV," which came down at 
Lunevllle (10,600 cubic meters), "Sachsen" (10,600 
cubic meters), M Z-I” ("Hreata II") (10500 cubic me¬ 
ters). "Z-V" (10500 cubic meters), “Z-YI" (10500 cubic 
meters). “SS-VII” (22,000 cubic meters), "Z-WU” <22,- 
000 cubic metera), “1*3" (27,000 cubic #■), and 
"Z-IX" <22,000 cubic meters). The "Hanaa” and “Vlk- 
tnrls-Lntee" were all passenger-carrying airship* be¬ 
longing to the Delag Company, and the “Sachaen,” their 
sister ship, had gone over to the navy In May, 1014. 
"L-8" belonged to Che navy, toe others to toe army. 

We can here add the "Bchfitte-Lauk" called "8L-2," 
nf 22.000 coble meters capacity, which bad equated the 
Zeppelins at toe trials. We need not count two dirig¬ 
ible*, "M-4” and “M-l," and three non-rigid Pa ram la. 
"P-4." "P-8." "P-1" The tergeet "M” la 13,000 cuMe 
metera and toe btggsst Paraeval ML000 cubic metera, ao 
that they simply do not exist aa regards the cruteera 
we hare In view. 

This gives no, therefore fourteen unlta at the isctara- 
tfon of war. of which two ("*-II" and" -m-HI") were 
quite out of date; two others (the "Vitoria" ut the 
’Tfaasa") were equally waottafate fit* the eratee ws 
hare to rlaw, and betodca vary much the worse for 
woar. Five were of a type that was not suitable for 
ao loag a trip, but they may aavre fov bombarding free 
tter towns (team are “Z-IV," "Sachsen," *X-r,” "g-Y," 
and "WD, and team four dtrigtblra of SSIGOO 
cuMe meters capacity (“Z-YIL" "g-yill," and 

“flchfltto-Un* r>. and one at *7500 eabto mstars 
<“W>< Time arm wpteto the material Impaste 
bfflty of every attack to August -'v 

I can hardly before tost Orec* *****a pmwsml 
«aod of the Kaiser, germed lfr(i^»lfciafate Ad 
w« admit dm **ql “*&*£««*';* 
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80,000 cable meten capndty, which wu is coutm of Rnaria (Wimw «nd Llboo), ooe it Dueseldorf, one at or nine. W« And, then, that there are tn existence and 
contraction at Kannhetia in Angoat, and then hare Badonfilien, ooe at Frledrichahafan. It is pottibU that suitable for the raid which formed the object of tUa 
been no more of them. Are otben have a too been destroyed: one at Met* one study, six to eleven dirigible* of from 22,000 to 27,000 

Race then, U 1a known from an Infinity of source*, it Ouxhaven, a second one at Friedrtchshafea, and two cubic meter, capacity and of 150 to IBS meter* length, 
end m tbU tmbfdet tier* ooe he no pottibU doubt, the seen by onr aviators stranded In the Ardennes in the 14,80 meter* and lfLRK meters diameter, with four 
lagpiUn works have built a Zeppelin every three weeks, month of August There are besides probable accident* screws grouped In two pain on two nacelle/ in the axla 
Those who are astonished at this figure shoo Id remein- In the Interior of Oermany. For the mt we have no of (lie keel and with central cabin. They have a mean 
bar (hat In 1M8 eight Zeppelins were constructed (Not. certainty. *|iwd of on kilometers per hour and a maximum speed 

10 to S), which works out at ooe every six weeks, and There remain, then, at the mont seventeen Zeppelins, of 72 kilometers per hour, and can travel with a load 
that I* Hay, 1M4, there were opened at Potsdam work* at least ten, and prolsibly twelve to fifteen, and It Is of 800 to 1,800 kllogratumee of exploitive* at a height 
tnfeodsd to deuMa the output of those at Friedrichs- not puelble lo ascertain how many of these can be or from l.ono to 2.000 meters, according to tbe wither, 
hafto. counted as modem type* of 22,000 and 27,000 cubic Here we hare, then, all the figure* of the great ad- 

Tbe Zeppelin work* have, therefore, actually con- meter* capacity, and ISO to 1118 meters In length. leutiire. 

stmeted sight or nine dirigible* of new typo since the It Is possible to state the certain destruction of two There I* nothing very dreadful lu It. especially If we 
outbreak of war. TUa makaa a grand total of twenty- of the thirteen lndleuted above, (hat at BadonvillW* consider Ihe material ImpoealblUty of gmuplng them 
two unite, of which thirteen have a capacity of from ("K-VIII") and the one In eon rue of construction at from the uteri for a collective raid, the Htwoluto Impou- 
»wt>0 to 81000 cuUc maters, the other nine remaining Frinlrichshnfen. The crew of thirty of the firat nnll nihility for them of arriving together when sUrting 
•• aSov*. destroyed by Ihe Hu win ns Indicate* a third one as al- fri>m different points, a» before Mated, Hnd tho no leas 

How many of them have beeu dontroyed, and of what most certain. There remain then at the most, eleven nlwolute Impossibility of *ucee*Hlve nlteek*, once tbe 
capacity were thoae deal rayed? It Is possible to anew- ZettpHIn* capable of undertaking tbe pxi«edltkm in adversary has been warned by the first dropping of 
tain the esyfate destruction of five Zeppelins: two in 'lumllmi. and at least nix, say, generally mmaklng, eight Iwmh*. 


Some Questions of Evolution* 

The Present Position of Natural Selection Considered 


t n the Darwinian era studies on variation and heredity 
teemed significant, mainly as a means of approach to 
the problems of evolution. The post-Darwinians awoke 
oboe mote to Um profound interest that Ilea in the genetic 
com position and capacities of living things as they now 
arc. They tnrnod aside from general theories of evolu¬ 
tion and their deductive application to Special problems 
of deaeent in order to take up objective experiments on 
variation and heredity for their own sake. This was not 
due to any doubts concerning the reality of evolution 
or to any lack of interest in its problems. It was a 
policy of masterly Inactivity deliberately adopted; for 
further dlkouasloh ootvwfnihg tho cause of evolution 
had olearly beootoie futile until a more adequate and 
critical view of existing gonetio phenomena had been 
gained. Investigators in genetics here followed precisely 
the same impulse that had actuated the embryologists; 
and they, too, reaped a rich harvest of new discoveries. 
Foremost among than stands the re-discovery of Men¬ 
del’s long-forgotten law of heredity—a biological achieve¬ 
ment of th* first rank which In the year 1000 suddenly 
Illuminated the obscurity in which students of heredity 
had been groping. Another towering landmark of pro¬ 
gress 1* Do Vries’* great work on the mutation theory, 
published a year later, whioh marked almost as great a 
transformation in our views of variation and displayed 
the whole evolution problem in a new light. In the era 
that followed, tho study of heredity quickly became not 
only an experimental but almost an exact science, fairly 
comparable to chemistry in Its systematic employment 
of qualitative and quantitative analysis, synthesis, pre¬ 
diction and verification. More and more clearly it 
became evident that tho phenomena of heredity are 

Microscopical studies on the germ-oelto made known an 
Important part of this mechanism and provided us with 
a simple mechanical explanation of Mendel's law. And 
suddenly, In tbe midst of all this, by a kalaidueoopic turn, 
the fundamental problem of organic evolution crystal¬ 
lises Wore our eyes into a new form that seems to turn 
all our previous oonoeptiona topsy-turvy. 

To judge by It* external aspects, individual develop¬ 
ment, Uko evolution, would seem to prooeed from the 
Mmp to to the oompiex; but la this true when we consider 
Its tamer or emential nature? The egg appear/ to the 
eye far simpler than the adult; yet genetic experiment 
seems omdmisily to aosumulate evidence that for each 
Independent hereditary trait of the adult the egg oon- 

tewl^rittodb* oeU-divtokm without 
|0« of Its specific character and independently of other 
of take order. Thu arieea what I will call 
tha p uasfc of tbs mfecoeoem. 1* the appearance of 


timpikdty in the egg fllnsory? I* the hen's egg funda- 
UMBtafiy u complex aa the ben. and is development 
md y the transformation of ooa kind of oomptadty 
toto aoothw? Sooh is tha ultimatequeaikm of ooto- 
gany, wjhfek In efts form or another has been debated by 
embryoUglsts far mow than two oenturica. We still 
waaot answer It If wi attempt to do so, each raphes 
aeoetdiagtoItetietato*oftesto diridi ial ■em psrame nte- 

hTriOwSufteTtototatthat nortleStefoHnwUoh 
hefln^nwtoonruMt, Fmktodit dose ***Biin 
Hi i Mj tf|ilil1teT dfccfato r J —i-Iknowledga 
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no doubt find this rather dlsoonoertlng; but worse la to 
follow. Oenetie research now confronU us with es¬ 
sentially tho same question as applied to the evolution¬ 
ary germ. The puzzle of the microcosm has become that 
of tbe macroconn. Wore the primitive form* of life 
really simpler than their npi>arently more complex de¬ 
scendants? Hu organic evolution lawn from the simple 
to the oompiex, or only from one kind of complexity to 
another? May it even have boon from the oompiex to 
the simple by zueomslvo losses of inhibiting factors 
which, as they disappear, set free qualities previously 
held in cheek? The last of these is the startling question 
that tbe president of the Dritish Association propounds 
in his recent brilliant adilmss at Melbourne, asking us 
seriously to upon our nuud* to the inquiry: “Whether 
evolution nan at all reasonably be represented as an un¬ 
packing of an original complex which contained within 
itself tbe whole range of complexity which living things 
exhibit?" This conception, manifestly, is nearly akin 
to the theory of pangenesia and Individual development,, 
as elaborated especially by Do Vries and by Woismami. 
It inevitably recall* also, if less directly, Bonnet’s vision 
of "pabngeneds," which dates from the eighteenth 
century. 

We should be grateful to those who help us open our 
minds; and Prof. Bateson, as is his wont, performs thin 
difficult operation In so large and masterly a fashion as 
to command our lively admiration. It must be said of 
his picturesque and vigorous discussion that we arc kept 
Burning how far we are uxpoctod to take it seriously, 
or at least literally. We have always a lurking suspicion 
that possibly hi* main purpose may after all be to remind 
us, by an object lessor, how far we still are from com¬ 
prehending the nature and causes of evolution, and this 
suspicion to strengthened by the explicit statement in 
a subsequent address, that our knowledge of the nature 
of life is “altogether too slender to warrant speculation 
on those fundamental questions." Let us, however, 
amine that we are seriously asked to go further and to 
enter the eul d* eae that Prof. Bateson so invitingly 
pi^i in our way. Once within it, evidently, we are 
stalemated in reapeot to the origin and early history of 
We; but as to that, one form of total ignorance is perhaps 
a* good as another, and we can itill work out how the 
game has been played, even though we oan never find 
out how the pleoes were set up. But has the day so 
soon arrived when we must resign ourselves to auoh an 
ending? Are we prepared to stake so muoh upon the 
oorraetneas of a tingle hypothesis of slletomarphlsm and 
domlnanoe? This hypothetia—that of “presence and 
absence"—has undoubtedly beat a potent instrument 
of investigation; but there are soma competent student* 
of genetics who seem to find it equally simple to formulate 
and analyse the phenomena by the use of a quite dlf- 
f««at hypothesis, and one that Involve* no suoh pane 
doxioal consequence* in respect to the nature of evolu¬ 
tion, An we not then invited to strain at a gnat and 
to swallow a camel? 

But I pern over the technical basis of the conception 
in order to look more broadly at ttn theoretic suprr- 
z tractor*. Is not this, once scab' a kind of symbolism 
by which the endeavor is made to deal with a problem 
that to for the pereent out of our reach? Neither you 
nor I, I dare my, win hesitate to malntata that tb* 
primordkl Amoeba (If we may so dub the earliest of our 
ancestors) embodied in some sense or other all the poten¬ 
tialities, for better or for worse, that are realised before 
us at tMs moment in the American Association for the 
Advancement of Selene*. But U we ask oosalvas *x- 
^whatw.K®4y»w.dtorevwi««rialta*Mlty 


to answer in more Intelligible terms. We cannot, it is 
true, even if we would, conquer the temptation now and 
then to spread tho wings of our imagination in the thin 
almaaphctc of them upper regions; and this is no doubt 
an excellent, tonio for tho cerebrum provided wo cherish 
no illusions as to what wo arc about. No embryologist, 
for examp'e, can help puzzling over what I have nailed 
the problem of the microcosm; but he should bo perfectly 
well aware that in striving to picture to his imagination 
the organisation of tbe egg, of the oinbryological germ, 
that is actually in his hands fur observation and experi¬ 
ment, he is perilously near to the habitat of the mystic 
and the transeendentalint. The student of evolution is 
far over the frontier of Dial forbidden laud, in any present 
attack upon tho corresponding problem of the macrocosm. 

Perhaps it would bo the part of discretion tn go no 
further. But the remarkable questions that Prof. Bate- 
sou has raised concerning tho nature of evolution leave 
almost untouched the equally momentous problem aa to 
what has guided its actual course. In approaching my 
eloso 1 shall bo bold onough to venture a step in this 
direction, even one that will bring us upon the hazardous 
ground of organic adaptations and the theory of natural 
selection. I need not say that this subject is beset by 
intricate and baffling difficulties which have made it a 
veritable hone of contention among naturalists in reoont 
years. In our attempt* to meet them We have gone to 
some curious extremes. On tbe onr hand, some natural¬ 
ist* have in effect abandoned the problem, cutting tho 
Oordian knot with the conclusion that the powor of 
adaptation is something given with organization itself 
and as suoh offers a riddle that is for the present in¬ 
soluble. In another direction we find attempts to taks 
the pnihlem la flank—to restate it, to ignore it—some¬ 
times, it would almost seem to argue it out of oii*lanoe. 

It has been urged in a recent valuable work—by an 
author, I hasten to say, who fully accepts hoth the me¬ 
chanistic philosophy and the principle of selection— 
that fitness is a reciprocal relation involving the environ¬ 
ment no lees than the organism This is both a true 
and a suggestive thought; but does it not leave the na¬ 
turalist floundering amid the samo old quioksaada? 
The historical problem with which he ha* to deal must 
bo grappled at oloeer quarter*. Tie is everywhere con¬ 
fronted with specific devices In the organism that must 
have arisen long after tho conditions of environment 
to which they are adjusted. Animals that live in water 
are provided with gill*. Were this all we could probably 
muddle along with the notion that gills are no more than 
lucky aoMdonU. But we enoounter a sticking point in 
tbe fact that gills are so often accompanied by a variety 
of Ingenious devices, suob aa reservoirs, tubes, valves, 
pump*, strainers, scrubbing brushes and the like, that are 
obviously tributary to the main function of breathing. 
Given water, asks the naturalist, how has all this come 
Into existence and boon perfected? The question Is an 
Inevitable product of our common sens*. Tbe meta* 
phyridan, I think, it not be who asks bat he who would 

Now, it Is undoubtedly true than many adaptations, 
to site Prof. Bateson once more, are “not in practice a 
very dot* fit” Eton the eys, as Belmbolte long ago 
taught us, has some defeat* as an optical instrument; 
nevertbe l s w. It enables ue to tee weD enough to discern 
same food far reflection oooosmin* adaptations among 
Uvtaw things. And It is my tm pre stion that effort* to 
■vplain adipfrtiiT* are likely to continue for the reason 
that naturalist* as a body, perhaps hiffueaoed by Hux- 
Ity's detrition of soUnee, hare an obstinate habit of 
stinging to tbrir common seam. 
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Influence of Radio-Active Earth on Plant Growth—I* 

Facts Indicated by Praqtic*4 ( |&xperiments 

By II. II. Rushy, l)can of the College of Pharmacy, Columbia University 

Ur to the time iff the discovery »r nullum, anthracite dissolved In water and other liquid*. Such solutions Could It be applied to field crops so as to produce an In- 
ooal represented nhout the highest known degree of are radio-active, like those containing the emanation*, omaeed yield? Could, it be applied to crape suffering 
stored energy. Radium is now Micved to embody and give ofl the emanations, but they differ from them in from animal or vegetable parasites, mm to kill the latter, 
300,(1)0 timea the nuorgy of anthracite coal. The energy that they actually contain the radium metal. The as it Idlli eaneer in man? Or, would the crop* suffer 
of radium la, however, of a totally different kind from that bromide and the chloride of radium aro the soluble com- more from tuob an application than would their diseases? 
of coal. The energy of coal and other ordinary eub- pound* most used, the lulphats the prinoipal insoluble If the application were found beneficial, would the 
etanoee is exerted by the atoms of which they are com- one. amount of radium required for the purpose render the 

posed; that of radium by tho separation of those atoms Tho rays given off are of different kind*, exhibiting operation unprofitable? Or, teeing that the activity el a 
into (mailer bodies and the liberation of the energy of different phenomena, having different velocities, peno- particle of radium goes on for oenturie* withont any appo- 
these particles. trating different substance* and for different distances rent diminution, would a single application to tho soil 



A* a result uf this great difference radium can perform 
work only of a totally different character from that per¬ 
formed by ordinary substances. It is the dream of the 
physicist to discover a method by which the energy of 
radium can be oxertcil without this dissolution of its 
atoms, the effect of which would be revolutionary in the 
mechanical world. 

These particles, "emanations," as they are known, are 
spoken of as “rays," notwithstanding that they aro in 
reality matter, or suhstance.' They aro so light that, 
even after long periods, tho radium that is losing them 
cannot lie suon to have lost weight. Tiny arc so numer¬ 
ous that, although constantly given off in vast numbers, 
k t is estimated that it would require 2,000 year* to exhaust 
one half of these rays in a particle of radium, and there is 
no way known hy whioh the radium can be made to cease 
losing them. These emanations will accumulate in 
substanoes into which they enter, especially water, and 
will later he given off therefrom os they are from the 
radium, but while the sulistancc still contains them and 
is giving them off, it is said to he nulio-aelive, and it 
possesses, for the time, tho valuable properties of the 
radium itself. This Is ospwudly true of water, u appliod 
ia medioide or to plants. It is to he noted that such 
emanations are not radium itself and do not contain 
radium; neither does tho substance in which they are 
bold. On the othor hand, radium enters into -various 
combinations with acids aiui then compounds may bo 

• Prom • lecture duttverod at the New York notantcal Garden 
on November 14th. 1(14, and published In the Journal ol th e 
Botanical Oarden. 

' Strictly speaking, the term " emanations" applies only to llie 
(sUdua left after the Cm rays (alpha rays) have separated from 
the radium atoms 


and producing different effects on tho bodies which they 
attack. They aro_dialiugul*hod os alpha, beta and 
gamma rays. 



Two hundred pound plot of pumpkins with foliage 
reaching nearly to man'* waist. 


Sinoo the general nature of living animal and vegetable 
protoplasm is identical, tho question of Influonuing plant 
growth hy the action of radium was at once suggested 


Iiennanrntly increase Its agricultural productivity? 

Plant physiologists, ail over the world, took up in¬ 
vestigations bearing on these questions. As would 
naturally be expected, these early Investigations were 
restricted to experiments in laboratories, greenhouses 
and gardens. In Europe, something ha* been done In 
experiments with field crops and orchards, but in this 
country no reports or extensivo field trials have hereto¬ 
fore been made. 

In October, 1013,1 arranged with the Standard Chemi¬ 
cal Company of Pittsburgh, Pa., to mako preliminary 
trials on an extensive sealu. In view of the eost of radhim 
and its preparations, the reader may wonder how sueh an 
experiment could be undertaken. It requires about 400 
Isms of radium ore of standard quality to yield a gramma, 
about 1 ft 14 grains, of radium, whioh amount could easily 
he carried on a man's thumb nail. Tho regular market 
price ’s 810,000 a grain, or 8120,000 a gramme, equal 
to 870,000,000 a pound. This problem was solved by 
making use of the finely powdered residue remaining 
after all the radium possible has boon extracted, but 
leaving some two or three milligrammes to the ton, 
worth some 83,000, yet a by-product unless a special use 
for It could be discovered. Various other substanoes, 
especially uranium, are present in the material. 

Ref ore proooedlng to describe these experiment* and 
their result*, it I* desirable to briefly summarise the re¬ 
sult* of previous experimental work. 

The most extensive work that ha* been published in 
English of the Influence of radium on ths growth of plants 
is that of Dr. Charles Stuart Gager, of Brooklyn, N. Y., 
whioh appeared in the fourth volume of the “Memoirs 
of the New York Botanies! Garden," December 2d, 1008. 
Nearly all the autUbr* quoted by Dr. Gager had reported 
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Cdary la foreground; next, four plot* of turnips, st right without R. A. F„ but Its left-hand portion 


favorably affected bjr emanations crossing path from twenty-live pound plot. 


that the effect of radium was to retard or inhibit plant 
development, results which, as it will be hero shown, 
were due to the use of enormously excessive quantities. 
Ouillcminot had especially commented on the difference 
betwoen the effects of low and high activities, lie stated 
that while a certain low activity had no effect upon 
plants, the effect of from six to twelve times that amount 
would markedly retard growth, and from eighteen to 
seventy-two times would completely destroy. Yet hu 
expressed the opinion that there was no strength that 
would positively stimulate growth. It was said that the 
distance at which the radium would act was limited to 
about 2 centimeters, less than an inch. Roots were found 
to be more susoeptible than other parts of the plant,. 
Some plants were more resistant than others and the 
turnip was mentioned as being especially so. Excessive 
branching of certain tissues was reported. It was found 
that parts of plants exposed to radium emanations would 
themselves become radio-active. The degrees of such 
radio-activity were, the root most, then, In order, stems, 
buds, leaves and flowers. It was decided that this ac¬ 
tivity did not exist In the tissues themselves but in their 
contained water. 

(lager himself employed numerous methods of ex¬ 
perimentation. Ho used tubes of glass and other sult- 
slanoes which were coated on the inside with substances 
containing radium. He also used rods similarly coated 
on the outside. Such tuliee or rods would ho laid upon 
dry seeds for various periods of time and the seeds won' 
then planted and the>r germination and growth compared 
with those of others not so treah-d. Hoods were soaked 
in water containing the emanations and were then 
planted and similarly compared. Plants were grown In 
water containing the emanations, while others, growing 
in the soil, were watered with such water. Plants were 
grown under bell Jan In air that waa kept charged with 
the emanations. Radium tubes and rods were buried 
In the soil in which seeds were planted. The radio¬ 
activities to which the seeds and plants ware subjected 
in these experiments varied from 7,000 X up to 1,GOO,000 
X, ell of whloh, however, wo now know were exoeesive. 
He always found the damage greater with the increase 
of activity. Similarly, he found that the seeds farthest 


away from the buried tube showed successively how 
injury. In short, It Is seen tliat in every nose of a change 
of conditions which resulted in a lower activity being 
exerted upon the seed or plant, the damage woe less arul 
he did not fail, as Huilleminot hod done, to And strengths 


that would markedly stimulate germination and growth, 
lie Anally reached a conclusion expressed as follows: 
"The ray* oj radium act oi a tltmulut to prulnplatm. Re¬ 
tardation of growth fallowing exposure la the rag* it an 
expression of over-ilimulation; acceleration nf growth in¬ 


dicatei itimulation between a minimum and an optimum 
point." lie agreed that the root was more affooted than 
the other part* of the plant, and his experiments show 
that members of the grass or grain family are more 
strongly influenced tlian others with which ho experi¬ 
mented. He concluded that the gamma rays can pene¬ 
trate os much as a foot, in moist soil. As my own ox- 
lierlmcntri show, they produce imjiortant effects at a 
distance of at least seven or right limes as great os this. 

In France, Petil and Aiirelin reporlu! that liy placing 
the seeds In-tween sheets of blotting paper moistened 
with radio-active water, not only wen- a much larger 
uuraln-r or rev-gross seeds germinated tlian when plain 
water was used, hut the roots at the end ul Ilia thirteenth 
tiny were ten times os long as in llio latter. With wheat, 
and corn Lhc increased length was nut so great, hut was 
very marked, os was also the greater length of the stems. 

The National Agricultural School at (Irignon, France, 
experimented with six vanelies id |x>laloes and obtained 
by the use of radium an average gain of more than 111 
per cent in the weight of the prop, the |s>totocs at the 
saute time containing more starch and 1 icing correspond¬ 
ingly more mealy ami |Nihilab)o. Barley so treahsl 
gave 17.0 per cent more strew and 12.fi per rent morn 
gram. Mustard gave 27 i>er cent more straw and 34 
per cent more si-ed. Flax gave 24 per cent more strew 
and 0 per rent more wssl. White \ctch gave lUpc-ri-cnt 
and fenugreek 11.5 per cent more fodder. 

Al the Agricultural School of Herlhonvnl, the cx|hti- 
munts wore made on plots of a hectare inch Upward 
of a 15 |ht cent increase in the > it-ld of grain was obtained 
by the rndium treatment anil ever 14 ]ht cent ill that of 

At the Har|ier-Adams Agricultural College at New¬ 
port, Foulkes also obtained a 14 |H-r rent inr.reaae in the 
yield of table beets and more than 20 per cent in turnips, 
plots of a hceiaro each lu-ing employed 

Messrs. Vilmoriii, Andriciix & Co. and Olliers ex- 


pcriuii-nUxI with Unworn, obtaining very satisfactory 
results on chrysanthemums, roses and othor out flowers. 

All experimenters with plants in pots have reported sm-h 
phenomenal increases in root development I hut the plants 
quickly became rool-lsuind and bail to l-e sin.ssivcl.v 




ThaDD |M «f cabbage (treated with twaaty-lvs pounds of R. A. T.J. 
It will ka noticed that away laovaa kava boot deetroyed by art- 
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transferred to otbor pots of a considerably larger fiza. 

A moat extensive series of experiment* ha* been owned 
on at Joanhimathal by Dr. Julias Htoeklasa, director of 
the Ohom.-Phy«. Institute at Prague, Thoao expori- 
menta extended over a period of 7 year*, the result* 
being embodied in a voluminous report, made in Sep¬ 
tember, 1013. There wore many aerie* of experiment*. 
In one let, the plant* were grown in ordinary soil and 
watered with water possessing various decrees of radio¬ 
activity. In another act they were grown in water 
supplied with plant food similarly charged, while in 
another aet radio-active earth waa employed. The 
following reaulta wore obtained: 

The drat experiment* were directed toward amertain- 
iiig tie) eiloot* of radium upon the activity of thorn 
bacteria which take nitrogen from the atmosphere and 
fix it in the soil in the form of plant food, thua enriching 
the aotl. He found that liquids containing these bacteria 
gained from 32 per cent to 7tt per cent more plant food 
in thia way under radio-active influence than without it. 
(Inured anil gained from 10 per cent to 30 per oont more 
fertility in a few months from this cause under Urn same 
uondilions than without the radium. 

Many previous experimenters had reported that radiu m 
exerted a toxic action on plant Ufo, while other* had 
declared to the contrary. Htoeklasa repeated all Lluwe 
experiments, but In two scries, one with very small 
amounts, tho other with large amount* of the radium. 
He found that in moat of the latter cases the effect* were 
toxic, while in tho former they were healthfully stimu¬ 
lating. lie also found that different plant* differed so 
materially in their suaoeplibiUty that the aame amount 
of radium might be stimulant to ono but toxic to another. 
What waa evon more Intonating and im)*irlanl, ho 
showed that families of plant* manifested thia difference. 

When a very low radium activity waa employed, tho 
germination of aeeds waa incroaaed from 70 per cent to 
Kill per cent, but it waa retarded by a high activity. 
Drying and weighing two set* of plant* after 48 days of 
growth, one aet grown under radio-activity, the other 
not, the former showed an inorwwo of over 200 per cent, 
in peas, over 100 per nuitt in beans and lupine* and nearly 
000 per cent in barley. In another aet of experiments, 
with lentil*, pea* and wheat, tho gain by the use of 
radium ranged from 02 |ier Mint to 168 per cent. With 
buckwheat, the increase ran from 42 per mint to 100 per 
cent. With popple*, there waa an lncreaae of 117 |kt 
oont In the need, and 32 per cent in the plant exclusive 
of the aeod, or 60 per oont in total. With lupines tho 
seeds gained 04 per oont. the total gain being 60 per oont. 
The greatest gain waa in the early stages of growth, the 
ratio don reeling thereafter. 

Those studies taught that all the main function* of 
the living cell are greatly stimulated by radium. Tho 
fact that starch production went on in darkness, and other 


corroborative fact*, indicated that the effect* of the 
radium olosely resembled those of the ultra-violet ray* 
of the *un. 

Htoeklasa also (ueeeeded la *ya the tiling «ugar by thi* 
nulio-aetlvity. The bearing of this toot upon the pos¬ 
sible Increase in sugar production by plant* i* momentous. 
It alio explain* the great mereaae in iwestne** observed 
from the radium treatment of beet*, carrot*, tomatoes, 
pumpkin*, squashes, melon*, sweet eon and other vege¬ 
tables. The fast that sugar-beet* showed no Increase 
in sugar content is perhaps due to their having reaebod 
a practical maximum In sugar production. 

Ho summarize* a* foliowi: 

"All of our research** point to the foot that radium 
emanation* with a low activity favorably Influence the 
caryokinesis of the cell, the entire development of the 
plant, the mcohanism of the metabolism, the photo¬ 
chemical assimilation in tha chlorenchyma, bud forma¬ 
tion and Anally frutlfloatlon. Emanations of too grrat 
activity exert an Inhibiting Influence on the growth of 
the plant and oame toxic symptom* In the oell*, both in 
tho*e containing chlorophyll and those without,” 

He also say* that If we assume under ordinary con¬ 
dition* land will produce 200 hundred weight* per hectare 
of oom or cattle turnips, we may expect 300 or 400 
hundredweights under the influence of radium. 

He concludes, Anally, that the effect* of radio-aotivHy 
are greatest on young foliage and almost equally great 
on the petal tlsauus of the fltrwur. 

Against this array of positive evidence as to the stimu¬ 
lating effect* of tho radium, I had the negative effect 
nf a caution from the French Agricultural Bureau against 
the probability uf such a pronounced action os hod boon 
re|xirlod, on the ground that tho amount* of radium In 
radio-active earths which had been employed were so 
vory small. little weight iuiuld be given to this sugges¬ 
tion, because of its purely speculative character. Al¬ 
though it was pointed out that ordinary farm soil is 
radio-active, often more strongly so than the radium 
mixture that was applied in the experiments, it waa a 
pure assumption that this aetlvity is wholly due to radium, 
or that such radium 1* actually present In the topsoil, 
and in fool it seems far more probable that it Is in part 
dun to the direct effect of the sun upon the soil. However, 
tho case was one that oalled pre-eminently for the actual 
test of experimentation and to this I applied myself 
in the must praetioal possible way. 

1 made it my business for the time being, to Ignore 
all theoretical considerations and to proceed with my 
trial* precisely os a farmer would proceed in preparing 
the land and applying tho radio-active material for a 
market crop. 

My uxperiiminU and observation* included the winter 
culture of radishes In a market gardener's greenhouse, 
some seedling* in window boxes in my own liome; field 


crop* covering more than MX) Mh at NertMMd, Ohio, 
und*r tha direction of Mr. W, W. Dartoy, an expsrimea- 
tal girdencr at Pittsburgh, and the plantation of on acre 
and a half at Nutisy.X.J., of which I have had immediate 
pergonal charge throughout tho region. 

The greenhouse radish** were already About an huh 
high when the radium waa applied. A tote# tree 
ocratobed midway between tha row*, whieh ww* 4 l noh * * 
apart, and the powder etmd therein at tha rata of Iff 
grams to the square toot, wttah to equal to about 00 
pounds to the am. A square yard waa thus treated 
and waa earn pared with an exactly rindtor square yard 
upon tho same bench, about 10 feet distant. Tha radium 
radishes non appeared much Inferior to tha othMU, and 
continued to do so to the end of the experiment, the tepe 
bring smaller, as though »tun ted, but on harvesting and 
weighing the green tope and tha roots s epara t ely, tin 
tops wav found to weigh 17 per oent lea* from the radium 
plot th*n from the other, whfl* th*radi*hea weighed about 
20 per cent more. 

The season of growth had boss vary bqd, Fsbruary 
bring very stormy, with tittle sunshine, and that little 
largely excluded by snow lying upon tho glam roof. This 
observation la of much Importance, Indinating that It 
required less green leaf surface under doArient sunlight 
for the plant to manufacture a larger amount of food (or 
deposit in it* root. It will la Ur be aeon that various 
other experiments Indicate and elucidate this principle. 

Both of my window boxes were filled from tho aamo 
pile of soil, similarly treated In .every way except that 
in one the above-mentioned amount of ra&ufl 'earth 
was mixed through the soil. AH operations were con¬ 
ducted for both boxes at the same time. Their positions 
in the window were exchanged from time to time, so aa 
to preserve absolute equality of oondltion*. In the 
boxes I sowed oabbegn and tomato seed In alternate 
row*. The roods germinated one or two days earlier 
in the radium box and the plant* were already well 
developed when those In the other box broke through 
the ground. The difference wo* mors marked with the 
cabbages than with the torn*too*. The original lead of 
the radium plants continued to increase throughout the 
experiment, and after some two months, when the ex¬ 
periment was brought to a close, a given number of plants 
In the radium box would have weighed from six to ten 
times as much as from the other. 

In Mr. Flannery’* garden I particularly noted the great 
gain of turnips and beets under the radium Influence 
over those without it. Radishes, which I did not myself 
see. were said to have yielded more than 100 per eent 
increase under the radium treatment. The quality of 
the radium-grown vegetable* waa a matter of special 
oommunt by all who tried them, and thia has proved true 
of all vegetables raised elrowhore under this treatment. 

(To ft* oemtin e*d.) 


Fuel OU in the Nary 

Tiix following intenwting fact* am given in relation 
to Hu. mm of fool oil in the United Slate* Navy in tho 
report on the production of petroleum in 1013 issued by 
the U. H. Geological Survey: 

Test* have Ixwn named out during the yiwr at the fuel 
oil testing plant at Philadelphia with a view to making 
the naval specification* for fuel oil low strict in order 
In get an oil at a cheaper price. 

During 1013 a board wae constituted in tho Navy 
Department ti> determine a prci|H-r Hash |»lnt for fuel 
oil* to Im used on hatthmhips. Tho im|HirtanM> of tbi* 
subject ha* hern recognized by reports from various 
exports to foreign governments, which havo resulted 
111 the adoptiou of the following minimum flush points for 
fuel oils for naval purposes- 

Minimum flrmh print* adopUd for furl oil* for ruitial uur. 

Di-g. Fahr. 

llndssl Hiatus .. *150 

Great Britain 176 

Germany 187 

France . . 21)0 

Russia 212 

Italy - 212 

Austria 24K 

Tho board began it" investigation by adopting tin, 
following asHumplains: 

(a) That oils having viscosities such that lluiy must 
Ini heated in the hunkers must have such a flash ixiinl 
that no explosive or inAammabie mixtures are formed 
therein. 

(10 That it is undesirable and dangerous that oil 
should bo boated anywhere- in bunkers or in firorooms- - 
alsivu the point where explosive or inflammable gaie* 

(r) Tfiat tho reliability of the flash cup in determining 
the point, at which this condition of explosive mixture 
Isgius to exist should Iw i-liis-kisl In order that a guide 
may be relabUsbed which may lie known to 1 m- safe and 

l*i*itive._'____ 

Mtodoosd from 17ft degraa by rccmmuodiUou of this busnL 


Tho board then obtained large samples of oils which 
allowed characteristics given in the aooompanying table. 
These oil* Include the characteristic* of practically all 
known fuel oil*. 

The first problem Investigated by the board wa* to 
find the temperature at whioh various ail* muit be 
heated in the bunker* In order that tha pump* may take 
more than the quantity for foll-fpeed (teaming condi¬ 
tions. With pumps such a* urod on battleship* three 
grades of Mexican oil* were need, those designated aa 
15.4 degrees, 17.3 degree*, and 11.7 degrera gravity 
Baumd, the but representing toe extreme of viscous oil* 
on the market. The suction wa* taken from the 1,200- 
gallon submerged oil tank* with about an 8-foot lift 
from about 100 feet of 3-inch piping bushed down to 
HJi inches at the pump. Tho following results were 
obtained: 

/'umping capacity of pump * for different oil* at varying 
__ temperature*. _ 


pumps may supply an adequate quantity for full speed. 

It will be seen that the 17.3 degree* Mexican oil must 
havo a temperature of 87 deg. Fahr. or above In order 
that the pump may take an adequate supply for full 
speed; the Mexican 16.4 degree*, a temperature of 77 
deg. Fahr. or above; and the Toltoo (Mexican) 12 deg. 
Baumfi roust be heated to 108 deg. Fahr. This latter 
remit is considered by the board w the limiting tempera¬ 
ture. The board ascertained that it to the practice on 
the Southern Pacific ateamers burning thia od to beat 
up to 116 dug. or 120 deg. Fahr. 

The next problem was to rample and analyse and at¬ 
tempt to ignite the glass given off In the bunker* at them 
temperature*, in order to ascertain the danger of such 
heating of oil in foe bunkers. The investigation showed 
that no inflammable gas to formed under oondltiont 
similar to those in the bunker* at ship* until the od i* 
heated to its flash point, and that tha Abel Pbnnaky- 
Martin closed flash cup gives remits whtob chock with 
the result* obtained in the teak. The experiment 


TV-prealure to Kahr.) “7^! any OX- 

B»um*. Baum*, Baum* Pk*ve mixture until a tnmp t rstm w aqrivalaot to flash 

R*uc~ (Oiksn, (anas. pdint was reached.' Examination of the dr ew the 

_ ptrhour. per Dour, pa-hour. fa*) oC* in thi trirnkm* nf TadoMbatolofftiy* qhpwad llisl 

os ."« tMl>bd>dnot **** «ft togidf[r i nt qnaa- 

7*. iso ' .. tl*y of oombiutibto vapor. AJawat OJPpmoaat of 

™ ■ >» 37# i.ioft cwnbuatfbU vapor muat be p r e a ea t fra mixture of vapor 

Z . I ilf . Ill and air to form aa agfeefra JBUrtare. The large* 

mo ", .I SS IS i3S •torttouBdwfia'Mi.pwafikfo.^'M^.gp. 

no .i S iS !S oiumm*« 

!”.j ow te» ft,*** 1. At foe flash tempe rate * th* npen pmdasad 

!” . . . MM *'•“ about U)to ljfipw^rttlnixtoureof 

iso . . aim. ^ **rai»d vapor. They ooufot pafoofraBy of v^ora of 

-- —. .aiJSJ-!d5L the liquid pfra&Ba, bahaa , 

Tlic boon l estimated that tho standard Bloke pump 2. On board ship' theta ofooiteWbwtad towitUn 
used m this test, Which conforms with the installation about Iff dig. Cent. (50.(fog. fate.). of tbairflMh wtat 
on lmanl ship, require* that this pump shoald deliver before even a nqtietaWItidd at Mrifrrfrfefcffjma* 
ifalloni* iui Ikour. in urdor to Bueuro an ^ ^ iftMiOtiihr 

quiuitity fur full poww. Thl j, than, is U4m Nth 3. Th« tub 

stamUnl <>f’ MHuparisoiL In determining the temperature of the temperature* tha otU au to-flaathd 

to winch uil must bo boated In order that tha tuttim Sftrt aa sk p fo t h l ffqUbfftSSwtf'ff^lllto^HtobtR 
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Effect of Climate on Location of Manufacturing Plants* 

An Important Factor That Often Determines Economic Success 


Baron dlaem&NK ths location of a plant, Wt ua divide 
manufaaturing hutastriea into group* respecting the 
•ouro* of raw material* or thrir squivwlsnt. 

1. Hum that are compelled to beats near the source 
of the raw materiel, eneh pa lumber mill*, floor mill*, 
ootton gins, sugar enn* mills, bset sugar faetories, cement 
plaata, quanta*, ah*e*e, butter and oondensed milk 
faetcriaa, oanning fmetorWe and meat packing house*. 

2. Thom that must locate at or near a natural source 
of power, anoh a* plant* predating eleotrinity from water 
power. 

3. Want*, the bsatfcm of wMahl* fixed by fuel supply; 
coke prodootton, ateet and iron fumes*. 

4. Good market location*; foundries and machine 
•hops, clothing manufacturing, all articles of household 


a. Industries, the sltca of which should be chosen; ae 
agricultural Implements, automobile*, ootton and woolen 
manufacturing, boots and shorn, brass product*, smelt¬ 
ing and refining, carriage and wagon factories, chemical 
manufacturing, knit goods, leather and paint plants. 

For the latter. No. 6, fuel and raw materials may be 
■hipped hundreds of mile* If the related conditions are 
favorable. A canful analysis of the factors of location 
should be made for this class. 

The ahipment of fuel, stock and finished products 
plaoee the manufacturer at the mercy of the transporta¬ 
tion companies. Our northern climate absolutely pre¬ 
vents the continuous use of inland water ways for from 
three to eight months annually. To avail himself of 
cheap water freight rates, the manufacturer must move 
a year's eupply of fuel or stock during the short naviga¬ 
tion season. What Is gained in a low rate li often more 
than outbalanced by interest charges on materials which 
must be pro too tod by Insurance in a warehouse. The 
railroad more nearly approximates a perfect system of 
transportation. This, however, is also subject to the 
vagaries of climate throughout our main manufacturing 
belt. 

All dasaes of manufacturing in central and northern 
New York suffer annually from lack if fuel supply during 
January and February. Stalling of raw atock and fre¬ 
quent paaae n ger and freight demoralization north of a 
line oonMling Portsmouth, N. H., Pittsfield, Maes., 
Troy, NjY., passing through Utica, Iloohester, Buffalo, 
Detroit -And Milwaukee, is not uncommon. In this 
region, 4Rpmeata are lost in snow drifts and passenger 

AH pofer plants «uffw from low temperatures. Water 
way* aojumulate anchor ice that ia difficult to handle 
and froagn water mains cause hours of delay and require 
many dMsre to repair. Water, iteam and soil pipes 
are nnn #a r y in every Industry. The further north the 
location, - the greater the annoyance and expense in¬ 
cident to frost. 

Being no respecter of person* or things, gas is not 
exempt bom the ravaggi of cold weather. In a northern 
city, a main of considerable sire was carried over a bridge 
through * boxed conduit packed with hone dung. Dur¬ 
ing a sped of extremely cold weather, I found the candle 
power of the gas lowered from 14 to 9 at this crossing. 

I do dot know of ea instance where the extreme heat 
of our northern summer has any marked effeot upon the 

I ts eeheojtpl equipment of rafiroadi or dm power plants of 
ndH*. tabor, howgvor, responds (Jjrickly to eUmatlo 
July and August, the cities in our 
It ore subject to about throe week* of 
doss" “hot" weather, Many plant* 
enforced vacation and taka advantage 
i naval "dean up" and the nooessary 
m temperature reaches 80 dfg. Fahr. 
rk with sxtrejnc humidity, the avenge 
wUe of much effort, dther phyried 
wMury aomettmee steadily climbs by 
»tfl It reaches the 100 dsgree mark, 
fa daawwlind, all are mrvou*. urit- 
NM*. frcdoeUss suffer* accordingly, 
many #Cp*tie jmoUms. Men In 
K*M»* iM wrens ahd ia closed areas, 


jSSSSSsfe.. «u,u» 

tM^try. lktwWnronrof this character 
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By William M. Booth 

during period* of high humidity and oool nights. Sum¬ 
mer cold* become epidemic from damp rooms and air. 

Sevwe snow or rain storms are shown on the time 
olook records by tardiness and absence. Buoh may ooour 
when order* are abundant and help is scarce or when a 
special order must be finished by a certain time. Severe 
and inclement weather over a period of several day a 
sometimes demoralise* a northern mill where women are 
employed. Uniformly bad weather compels operatives 
to live but a short distance from the plant, which is 
usually a disadvantage from a home standpoint. 

Considering extremes of heat ahd cold, white laiior 
seems best qualified by temperament to work in the 
isothermal belt bounded by the 45th and 50th deg. Fahr. 
lines. Intensive miscellaneous manufacturing cannot 
thrive in the areas south of this bocause white help can¬ 
not work the year around in dosed room* at the high 
temperatures found south of Baltimore. The indiffer¬ 
ence of labor In the so-eallod "black belt" of the extreme 
south is one of the greatest handicaps to the manufacturer 
who builds a plant where extremely cheap labor abounds. 
Besides picking ootton in the open, the colored man has 
little value In the skilled labor market. 

I see no reason why intensive manufacturing cannot 
be carried on in Washington Stale and Oregon, ax soon 
as labor and market conditions warrant such activities. 
The humidity is sufficiently high in Portland and Beattie 
for textile mill*. White employees can bo utilized. for 
tho 45-50 dog. Fahr. isothermal of the east also include* 
these looalitiia. California must ile|iend very largely 
in this particular upon Asiatic raues now employed in 
tho Bolds, -Hindoos, Chinanien, Japanese and Malays. 

Part* of Texas, Arkansas, Colorado and Utah are 
sufficiently elevated to attract white labor in mills during 
the greeter portiun of the year. 

Atlanta has such an elevation as to place it in a tem¬ 
perature ulus considerably further north—about 3 deg. 
Fahr. In the cast, all Ineatiun* are greatly favored by a 
medium altitude. There are many mining cainps in 
tho United States, however, the elevation of which in 
sufficiently great to seriously affont the workmen. Those 
with weak hearts eannot be employed and the extreme 
dryness of the air cracks the lips, face and bands. Tho 
body tires easily ami a heavy day's work is absolutely 
out of the question. At some altitudes, women cannot 
bo omployed, due to their sox. 

It may soem unnocossary to montion tho effect of 
s unshine upon labor. This is, however, an important, 
consideration as the mind Is more free and tho body alert 
during a bright day than on a dark or cloudy one. 

Machinery is ordinarily free from atmospheric changes. 
However, warm weather loosen* belt* and lowers the 
percentage of product. I have timed a machine, turning 
out BJJOO pieces per hour, and have found a difference 
of 600 pieces, duo to Irregular belt slipping. 

We now nemo to tho most important feature of our 
subjoot to the manufacturing chemist. I refer to u|h 
paralus and process work. My attention was llrst 
called to this in testing out a milk drying machine at an 
altitude of 1,100 feel. Neither llionnometer nor lmrom- 
rter satisfied the conditions imposed. Wo finally settled 
the difficulty by reducing directions to changed altitude 
and auoooeded fairly well. 

In the manufacture nt gelatine capsules, small cone- 
shaped forms are dipped into liquid golalinu. These pas* 
out of tho fluid, are elevated and dried by a current of 
warm air. This must be dry, and should lie kept uni¬ 
formly so by a conditioning process. One of tho most 
hygroscopic aubstanoo* with which I am acquainted 
ia glucose. This has many uses and will absorb enough 
water to spoil other bodies with which it Is mixed if the 
air ia humid; equally difficult to manage is dry malt. 
Floor must be barreled and starch must be boxed in a 
dry room. Glycerine is very hygroseopio. Calcium 
chloride and caustic soda should be handled in very cold 
or dry air. Chloride of gold oannot bo botUod on very 
moist days. Dry laundry chemical mixtures should bo 
mixed and bottled or boxed In a dry atmosphere to pre¬ 
vent caking. 

On the other hand, linen, ootton, jute and hemp must 
bu spun and woven in very moist air. Many thousands 
of dollars have been lost by erecting a textile plant in a 
locality where the aw la too dry. Fall Ulver, Providence, 
Lawrence and Lowell owo their boing to a moist (75 per 
cent humidity) aw, with fairly uniform temperature, 
favorable to ootton spinning. Cotton manufacture has 
failed in dry air looalitiar, it flourishes in moist air. The 
city of Denver we* chosen for ootton mills and the experi¬ 
ment tried but partially failed because of lack of moisture. 
BmB atari metal parte mart be made in a naaonably dry 


climate. Tho enameled bather business is dependent 
upon sunsluno. I liavo known a plant practically closed, 
waiting for a sunshiny day, that the leather might lie 
banked in llie upon air, faeiug the sun. 

When a su|>enntondciit tells mo that climate has no 
effect on his output, I know ho has not made a study of 
his conditions. 1 have never yet boon in a mill where 
climate doe* not exart a penalty duo to tho carclessnna 
or ignorance of the management. Tho finished product 
is no exception to tho exactions of temperature. Food 
products and aquoouB solutions must not freeze; japanned 
articles must not bo chilled; metal parts must not bo 
packed in damp material or stand in damp plaoes In 
transit. 

Northern mill owner* and workmen are subject to a 
climate tax in the way of fuel, which may bo estimated. 
In central New York, an industry employing 200 men and 
women horns three ton* of coal for heating purpose* ex¬ 
clusively, during each 24 hours of the winter months. 
TliiR eua] cost* S3.U0 per ton. Exhaust steam is not 
available as it is used for otlier purposes. Tho 200 
employers represent about 60 famllios that burn on the 
average six tons of coal each annually for purely healing 
purposes. This costs 16.00 ]>cr ton; a total of nl*>ul 
94,1 XX) for fuel due to a northern location in what may bo 
considered a small industrial center In a country village! 

To attempt to locate an industry where destructive 
wind storms arc unknown would bo impossible. 

The annual floods of the Ohio and Mississippi valley* 
cause hundreds or thousands of dollars loss. Of this 
manufacturers pay their share. 

Tho Allegheny mountains system contains many 
narrow valley* with steep sides that havo liern a|>- 
propriated by manufacturers. Great lo*» occurs through 
the freshet season. 

Syracuse users of Niagara dee trie current have oc- 
iturioiully been greatly inconvenienced by kxm or power 
and light when fuod wires ore slruck by lightning some¬ 
where along tho lino. I understand that this difficulty 
is not uiunmmon whurp olootnn |*>Wer is utilized and con¬ 
veyed great distances at high voltage. 

T have had two object* in view in tho preparation and 
presentation of this paper. The first of these lias been 
to unite certain data that havo boon collected by the 
wealhcr bureau for various purposes and to apply these 
facts to tho solution of the problems of plant location. 

Having plotted an am that aalUflos climatic oondi- 
tions most favorably, this bcoomos ono umt of a system 
of maps that may bo superimposed, each of tlieso ropn- 
nonting tho best location for an industry and covering 
tho following: 

Accessibility or raw materials, market, transportation, 
labor, )*iw«r, water, supplies, climate, hygienic condi¬ 
tions, taxes, insurance, banking facilities, heating and 
lighting. 

A practical manufacturing silo can, for a given in¬ 
dustry, tw determined in tills way in ndvanec of the pur¬ 
chase of property or the erection of buildings. 

The second object of this pu|ier in to show that owners, 
superintendents and o|>cmtor* of manufacturing plants 
have seldom considered the various favorable and un¬ 
favorable effects of climatic change on the business m 
Ihoir charge, dial many improvements may bo made 


A Handy Foundry Cupola 

At tho Puget Sound Navy Ynnl. where the work dlil 
not warrant tlm regular oiiemtlou of their foundry, 
there were frequent demands for a few Miinll muting* 
for quick del It cry, and to make these liy the regular 
foundry nipoln of tMXXl pounds capacity entailed great 
waste and extiense. To meet the difficulty n little 
cupola of 600 iwtiiids capacity was const raided out of 
discarded mnterinl picked up nmuml the shn)M which 
1ms dime excellent work and proved very satisfactory. 
It Is only uhont 4 feet high from the hose, and the In¬ 
ternal dlnuieter Inside the lining Is 14 Inches. The 
tuyeres, two In numlier. nre roctnugnlnr In tdtniie, nml 
px|«ndlng. with their lower edges 10 Inches from the 
Isgtian. The opening Is 684 Inches wide at the broad 
end Hiid about fi Inches nt the narrow end by 4 Inches 
deep. The ratio of cupola area to tuyere area Is ap¬ 
proximately thro* to one. Tho bottom plate Is a east¬ 
ing Itaorporstlng the spoul; the cylinder Is nmdc of 
steel plate. The blast Is taken from the compressed ulr 



SCIENTIFIC AMERICAN SUPPLEMENT Na204i 


April t, 1*11 


Photographing Projectiles—II* 

By Means of Illumination from Electric Sparks 

(loncliuled from Scientific American Supplement No. 3047; Page 206, March 27th, 1916 

Km. I. r , in on old Mauser bullet in flight. The impiw- and employing a method for dlaoliarging the *park» not circuit by connecting two^ sheet! of tinfoil near the muule 
Hiuim of tho rifling are plainly visible in the lead baud*, readily dlaturbed by the motion of the projectile, to of the gun; and the eeoond lUamlnatkmoocurred Whan the 
The point of discharge of tho elec trio spark U behind the meaiure the number of turn* with very satirfaetory tame projeotlle after a farther travel of 46.48 mater* 
projectile. accuracy. oonneeted two Other aheet* of tofoIL The too of 

Fig. 10 represent* the same bullet; the point of die- Fig. 17 i* the Infantry bullet In flight at a diitance of fight of the Model 88 ballet and the mean velocity may 
uharto of tho Apart i» at the lower ride of the bullst. about 2 to ©ten from the muule. The impreerinne of the now be determined as follows: The long Mod has 
Upon tho howl of the bullet straight linos wore drawn and filling are plainly visible in the negative. We are thus patted usrom the graduation mark numbered «. One 



Fig. 15. Fl«- 17. , ««. 14 


nunilwrud. From tho aharpuea* erf definition of these in a podtion to awwrtaln whether the projectile follow* edge of the (mall hand ha* in the lame time advanced 

mark* in the photograph. It la to be inferred that it i* the rifling or not. The picture ihow*. boridea the bullet from 79.6 through the aon> to the podtion 63.6 (the read- 

fnasihlo, by taking two photograph* of the *ame bullet, in flight, ono of dmilar oharaotorlitlo* at rest. Com- lng* ihould be obtained by enlarging the negative with 

at the beginning and at tho end of a measured diitance, paring the length of the bullot In fight with that of the a projecting apparatus, when the figure* after the deolraal 

-■■■ one at re»t, we are in a podtion, tho velocity of the bullet point cannot be in error more than a (ingle unit). The 

1 ll *, l| r 'J-yyftJj;, A n. c fi??| l ^'i niT^u^iiiM 9 nt t> lnrfr l {?T n vSn!l 1 Mld lu 10,6 length being known, to determine the length two reading* of the dock are then 4479.6 and 4652.6, 

labslfrom the ZMfrUkn firUu notnS%hUa-und SrmtatoS- of time required Tor making the Image'on tho plate*ln and the time of flight U 4.5636 - 4.4796-0.0730 aeoond. 

jwetar Uu, Journal ./«*« Unair* .sum ArWUr, hr <Wfe* X. 11|thtla|r ^ mpatul of ^ uloeWo (park. or at least to according tC Hipp’* elook. The teat of theHlpp’s clock 
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by moan* of an ordinary olook showed that 30 seconds 
true time mi 20.OHS seconds by the Hlpp'a dock. The 
time of flicht of the projectile In true time la, therefore, 
30 

0.078 X “ °-737 eeoond. The meaeured travel 

bring 45,88 meten, the mean velocity U 45.58+0.0727- 
Va-627.0 meter-eeoondi. According to A. Burgsdorff 
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the mean velocity of the bullet Model 88, ia Vi-640 
meter-eeoondi; while the mean velocity of the name bullet 
determined at an earlier date in the Ballistic laboratory 
waa Vs-034.7 to 037.0 meter-aeoonda. We may there- 
fore oonolude that tho deduced value, Va-627.0 metor- 
Hooonda, la thoroughly aalabliahed for this individual 
bullet by the several methods of determination. But 
it ia far from our intention to anhatitute for the estab¬ 
lished practice a new method of measuring the velocities 
of project!lea; it ia better to rcetriat the method to labora¬ 
tory use exclusively. 

Mg. 1# shows the bursting effect of the S-buUet In 
perforating a freely suspended rubber bulb filled with 
water. The bullet has perforated the rubber bulb and 
la paaalng out of the field of view to the left. The rubber 
oovering baa been sharply distended In the direction of 
the projeatile, and will subsequently be torn completely 
apart, the water being thrown in all directions. (The 
object of this and similar photographs is a reply to such 
questions as those aakod us by the celebrated army 
surgeon Doctor von Brans in regsrd to the ways and 
means by which tbs head of a bullet is deformed In per¬ 
forating soft parts of the human body.) 

Mg. 30 Is a stereoscopic photograph of tha suns. 

Figs. 31 and 23 show the explosive effect of the 8- 
bullet op moist clay. Within a wooden box (Mg. 31) a 
ball of moist day Is placed In the line of-flre; dose behind 
the day ball are the fcinta of <ttaohir£> of the electric 
sparks; the four Illuminating spark-plugs an connected 
, by short conductors with tbs Condensers and discharged 
ode after the other; thsy an visible at the four comers 
of the box. In Mg. 33 Is shown tbs nme olay ball as it 
appesn shattend after perforation by tbs S-buUet, 
fragments bring scattered In aU directions, but remaining 
constant fat volume. These fragments were thrown with 
grant foroe egainst the walk of the box toward the gun 
and to the raer. 

Fig. 38 is a stereoscopic photograph of a ricochet on 
thtwatsr. 

. Mg. 34 is a (an in rapid revolution. During the in- 
aretfriy short period of illumination the fan appear* 
stationary. ,That it is aetnaUy revolving is shown by 
-tfceflaat on th* Baser strips. 

FVg 36 eherieMfeg drips cf wntsr. the pharmnsna 
Ml known to nature! erisae* nniiiniliis the Mserathm 
into ringis drop* ef the steady rtraTami the ptriodM 
formation of the falltng drupe are aetaally repro¬ 



duced in this photograph in an unusually dear way. 

Mg. 36 rbowi die same phenomena for quicksilver 
from a snail opening, under slight prereure. 

Mg- 37 ie moviag-pietore film made with a time in¬ 
terval of 1/5,000 of a mooed from picture to picture. 

In order to Qlnttaate the eharaoteristto dlffereooe be¬ 
tween ktnetoeeopie efaadow pictures and Haetoeeopto 
photegnphe lighted bum the (rent, then is given in 



Fir. 25. Fir. 26. 


Fig. 37 a soction or » mm ing pirturr film made with light 
from the background, Lhsl is to say a series of shadow 
photographs. Two steel balls am so suspended that 
when they are at real they lie rioee together. A third 
hall swingi from the left and strikes against tho first 
ball at rest. After the blow, the first, or middle, hall 
remains at rest, even after the full stroke; the second hall 
formerly at rest swings off to the right. The wholo film, 
which oonsiats of .100 pictures, was obtained with con¬ 
cave mirror and objective by Mach's eli&raelcristie me¬ 
thods. One picture follows the other at the rate of 
1/2,600 second. Such serial shadow pictures arc com¬ 
paratively easy to obtain with the ballistic kinetown|x> 
of the laboratory where is obtainable sufficient light, 
shining directly from the rear, past the balls, and falling 
on tho objective tons of the camera. It is vastly more 
difficult, however, to obtain such serial negatives with 
the ballistic kinotosoopto methods in common use, em¬ 
ploying frontal illumination; that is, using the light re¬ 
flected into tho object tons of the camera from the face 
of the ohjeot to be photographed. It is practicable to 
obtain such ploturcs of a moving object at all only by 
intensely concentrating tho electric spark light. 

The Harmful Constituents of Routed Coffee 
(Coffee-Toxin) 

Tbs disturbances of tho digestion which follow ex¬ 
cessive coffee drinking arc considered by the author, In 
s communication to the SoetotA do Tborapeutiquo, not to 
bo doc In any degree to Ihe caffeine, but solely to cer 
tain volatile constituents formed, and only partly vola¬ 
tilised, during roasting. These are named cafeotoxin, 
and may be eliminated by submitting Ibe roasted coffee 
to successive treatment with steam under pressure of 
several atmospheres, following by exposure under a 
vacuum. The coffee thus treated is railed "atoxic*fa" 
Ir retains Its caffeine unaltered. It differs from ordi¬ 
nary coffee only In containing lea cafeotoxin. Cafeo¬ 
toxin baa a marked reducing action on haemoglobin, a 
hypotenrive action on the circulation, a depressant ac¬ 
tion on the central nervous system, occasioning cardiac 
arhythmia, and on the respiratory centers, causing 
dyspnoea.— P*ei/le Pkar. 
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The New Knowledge of Coal Tar 

Scientific Methods for Utilizing the Products of Coal 


Tm qutKtlon may t*‘ ankc«l: Why slwuld a "heroicd- 
engineering course begin with * U^ure on ooJ? b it* 
„moioiil use or coal * fundamental thin* mongtneering? 1 
Unquestionably power production aland* u one of t 
the foundation stonre In the ntrueturo of any .'“‘lu.try, 1 

and of tlie total power whieh operates modern mduririei 
at leant HO per cent in derived from the combuntH.n of I 
fuel, a chemical preccn*. Co* and coke and gw <imd« 
from it constitute 86 per cent of the Industrial fuel of 

A 'proportionate cost of power varies widely in the dif¬ 
fer,,nt industries, but taking them ns a whole, oonsus re- 
[inrts show that fuel constitutes about 8 per cent of the 
operating costs (exclusive of the oust of matorWs) in 
manufacturing industries. The importance of cffleieaey 
in the use of fuel Imrumeft at once apparent. Over 
trsi.OD.IKK) tons of <■<>* are used for industrial power. 

If the pementage utilisation of the enifgy of this coal 
were everywhere increaeed hy 8 per mint, an 'ncresjsi 
entirely possible through tin' use of modem. Improved, 
steam engineering appliances and of the P" u ®™ 
and gas engine, the eost of the industnal U.4 u^intbe 
United States would be cut in two, and ft, least flM.OOO,- 
000saved. If aU tlmeoke produeed in the UmUslState* 
in 1913 bad been made in by-product ovens. f8n.(MJ,WJU 
worth of by-prod uota might have been saved and $10.- 
(kgl.000 in higher yield of enke. 

Ooal is hy far the biggest mineral Wl <* Or- United 

Hlates. The pnslurtion in 1913 was about 670.000.000 
tons and the bulk of this was consumed u <*or own lamb 
The nation's cud bill was. therefore, m the ncqhborh.iod 
of 1 M billions of dollars, or $00 for each wagenssmer per 
annum. The United Hlates is far ahead of oilier nations 
in ooal production, having |*s«e<l Oreat Britain, the 
nearest mrapclitor. in 1890. and now «urp«s,ng her by 
nearly 100 |icr nent. Since we export very littla ooal and 
.B nations export a gnat died, our home oonmimpUen 
surpasses that of other countries by «";«n a much greater 
margin. Our industries are greater, to 
must face tile fai l also that an ahundanee of fuel nwources 
has made us careless of efficiency in their use. 

The coal reserves of this oouatry are immense, the 
most recent estimate ef the United State. 1 
Survey (for the XII International Congress of Oootogy, 
Canada. 1013) showing 1.61)0 billions of tons easily 
available, not including the suWiituminous and Ugmtlo 
cools those being not widely used now. If production 
should increase ia the future at the rate it has m reeent 
years, the exhaustion of our higl.-gr.de rmerve. may come 
at no very distant .lay. Hut unquc.tloi.ahly there w.U 
be a tendency toward a lesser rate of increase m con¬ 
sumption as the present movement toward greater 
efficiency in the mining and use of coal gains headway 

me- 

the uses of ooal and in what way can theyb® ““d" “°J* 
efficient? Tlie 670.000,000 tens produced in 1013 In 
the United States were usod approximately as follows. 


By Horace C. Porter 

portant degree dependent on the same factor. The ' 
suixwful and efficient operation of a coal-burning 1 
furnace require* an understanding ol the nature and 
behavior of the volatile matter of ooal, and especially I 
of that of the particular ooal that is used in each ease. < 
Something a* to the new knowledge of the volatile matter i 
of coal will bo presented later, after other methods of 
utilising ooal have been considered briefly. 

CABBONISATION. 

Carbonisation, from the point of view of fuel effWoncy, 
deserves a much greater industrial application than is 
now given it. It enters as a footer U> be sure, Into all 
the applications of ooal, and in coke and go* manufacture 
it constitutes the essential factor. But only a small per¬ 
centage of the coal produced goes into eoke and gaa 
manufacture. 

In carbonisation the coal is decomposed under the 
influence of heat, without acmes of air. and the entire 
substance other than the mineral constituent* break down 
into volatile products and a fixed rosiduo, principally 
carbon and ash. The volatile matter of the ooal here 
again comes Into play ss an exceedingly important phase 
of the press*.. The manner of the first breaking down 
of the coal substance as it begins to be heated probably 
determines in large measure what quality of eoke any 
ooal'will form. The early or primary volatile prod uota 
and the kind of hoat treatment they receive aa they issue 
from the retort determine the gas and by-product yield 
of the ooal. 

Instead uf carbonising and burning in a single opera¬ 
tion as Is (lone In a combustion furnace using ooal. where¬ 
by all of the coal and the intermediate products evolved 
from it are burned for their hearing value only, the eoke 
oven or gas retort utilise* the ooal more scientifically 
by converting it into two improved forms of fuel-eoke 
and gas—with a combined heating value about 86 per 
cent of that of the coal, and in addition thereto saving 
the intermediate liy-prodnota-tar, bensoi, and am- 
monla—whieh have a chemical value far exceeding their 
fuel value. The coke and gas can bo burned M fuels 
1 without smoke and with greater efficiency than the raw 
ooal. A portion of the coke or o the gas, to he sure, 

\ must be used to supply the heat for carbonising, thto 
item amounting usually to from 10 to 14 per cent of the 
’ original heat units in the ooal. 

' It la not an idle dream to look forward to the time when 
’ there will bo many oentral power and heating •‘•tion* 

I in the form of large hy-produet coke-oven planta, placed 
1 at the mine, or near large cities. As Influence* leading 
jj to this end, we may mention the 

" increasing demand for and value of coal by-produot* 
T for obrenlcal purposes, the suocesrful use of eoke a. a 
y domestic and industrial fuel, the development of the gas 
engine, and the growth of public opposition to the smoke 
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Scientifically the method of utilising coal may“ 
fled into (1) combustion, (2) "trtoi.umtton, **"; 

filiation by partial oombustem. Probably 80 per oent 
„f the ooal consumption in America comes underclass 
(1), i. it is burned in air directly, ami we see therefore, 
the great importance of improving practical methods 
and applianoM for oombuntion. 

COHBUHTION. 

When wo analyse combustion ss ordinarily carried out 
in practice we find all three of the fundamental processes 
going «... Coal does not burn as a whole on the furnace 
grate. The upper layer, of the fuel bed undergo <fe- 
composition by destructive distillation, liberating 16 
to 44) per cent of the coal a* volatile gasre and vapors, 
while combustion of the residual material Ingoing onto 
the lower isirtions of the lied. Claaiflnation of the <*rbon 
to carbon monoxide also constitutes an important part 
of the burning process, the fuel bed anting as a gas- 
producer. 

Hnvoke prevention is essentially a problem of proper 
handling and thorough oombustion of the volatile pro- 
ituets of the wad; to fact, furnace efficiency is to an 1m- 

■Lscurn iWIvwwt by p w oik to w i of toe mrertoc tt Uw p. a . 
Hmu of Mias. More II* Ucpsmtaat of Otaokal fugtoiwtng. 

PuIrwtiyolPisstowiti. 


nU Uw-tomperature or medium-temperature earbonlxn- 
tion of ooal has lately been Introduced to Europe on an 
Industrial scale. Coal Is heated at 600 dsg. to 700 deg. 
Cent, either under reduced pressure or in a current of 
auxiliary gas which pa-es directly through the co* 
producing high yield* of tan or oils and rich g*» in small 

quantity. There prooesre depend for theh commereml 

mooes* on the quality of and the demand for the oil* 
end the solid residues produeed. Because of that adapta¬ 
bility to the recovery of oils, possibly motor fad*, bom 
coals not heretofore oommonly used for by-products, 
they offer an interewting Arid for Industrial experiment 
in the United States. In the present oommeroial ritoa- 
Uon brought on by the European wi t tba^laok an 

toT big inoentive to the tonreare of ooel-earbwiitog 
operations in this oountry. BuflWent ooal tar and benaoi 
ean bo produeed from existing by-product ooke oven* 
and gaa retorts to supply the present Amcrtean demand 
for all other coal-tar products, creosote ott being excepted. 
But in view of the Increasing ure of benrol 
purposes and of the growing demand for ooal-tar products 
of all kinds, three is on opportunity for a targe expansion 
of the eoal-oarbonuing industry in the near future. 
axatncAnoK »r raitnau oouecsnoH. 

The third general method by which ooal is used in¬ 
dustrially i* exemplified in the gaaproduese, compara¬ 
tively a very efficient method of recovering the potential 
eusny of the fuel. Carbonisation entire Into this pro- 
oeM ftlao, afaw *t the top of th* W (hi oo** to 

by (he # Md mm tm w$ra. 8* 1**"? 


will be treated thoroughly to on# of the mseesdtog 
lecture* of this series. 

Having considered the industrial uses of ooal to a 
general way, w» iqay, to advantage, toko up warn some 
of the seientifle sapeota * toU 

xxroaa or ooat- ^, 

It it of interest to inquire flrtf. What Is eoalTWll*‘ti 
its chemical nature and constitution? A kpotriedge ef 
this would surely he of great value to promoting an tof 
derstanding of Its behavior; to determining, for example, 
the explanation of the coking property; the sense of 
spontaneous combustion, or the difftrttie* b etween c oals 
in liability to dust-explosion* to mine*. Unfwtuastriy, 
however, the problem ha* proven a most difficult one, 
and ss a result of the work of many tovratigator. during 
the last 20 year* or more, little of a definite nature haa 
been determined. Ws may ray without hesitation that 
ooal is a mixture of oomptox organic substanoe* whloh 
are degradation products of odtalose, resms and gums, 
and vegetable fata and watt*. Free carbon baa never 
been proven to exist to coal, and hydrocarbon, are pro¬ 
bably not present in an amount greater thanlper oenL 
The problem of the constitution of ooal has been 
attacked chiefly by two methods: (1) Extraction with 
solvents, and (2) destructive distillation U low tempera¬ 
ture,. Extraction, while it haa resulted, by use of pyri¬ 
dine, to dissolving and removing 16 to 18 p« oent of 
the coal substance, baa not separated any stogie definite 
identifiable compound in more than men tnees. 

Destructive distillation also haa led to no exset re¬ 
sults, but it has given, on the other hand, certain well- 
defined indications of the nature of the substance* pre¬ 
sent. These indications ore mainly that ooal to made 
up of a great many oomptox substance*, ifhtoh have 
resulted from degradation or decay of plant cellulose. 
H am— resins and waxes. These substance* to coal are 
closely graded Into one another to chemical nature and 
eomposltkm, except that the oeDuloee and Ugnoae group 
to probably more or less sharply distinguished from the 
1 resinous group. Within each group ore substanoe* to 
many different stage* of alteration by aging. Cheml- 
sally the cellulose bodies ore distinguished' by their 
' higher oontent of oxygen, by their tendency to oombtoe 
’ with or ab«»rb oxygen, and by their thermnl dreompod- 
tkm Into CO, and CO, water of constitution, and paraffin 
I hydroearbom.^Tlto 

1 ancTdeoompose by heaTinto hydrocarbons and hydrogen 
( with small quantities of CO, and water. The restooua 
' bodies ore contained most abundantly to th# coking and 
' mature cools of the Appalachian region. 

1 THB VOLATOm a ATT* a or oo Ah. 

* Th« term "volatile matter of cool" is more or less of a 
1 misnomer, but serves ss well ss any other. There to 

* probably little or no material m ooal which to volatile 

_ without deoomposKlon. What we eoH " votouto mattw'' 

to the mixture of vapors and gases resulting from de- 
a composition of the ooal substanoe by heat. It* oom- 

position depends on the kind of oosl sndslsovsrymueh 

“ on the temperature to whieh the ooslto heated and to 
which the primary product, are subjected. By “primary 
1 products'’ are meant those whloh form first sa the oosl 

t slowly rise* to teapsratur*. These sre, to oedsr of th eir 
“ formation: water, hydrogen sulphide, carbon dioxide, 
*" various saturated sod unretunted paraffin hydioosrbons 
“ and hydrogen. Many, to faot moot, of the eommonly 
known oonftituenta of end gss, ooal tv and gas liquor, 

a * .uchMbensinli.napbthaien*, pitch and ammonia, *re th# 

*■ products of BBOoadsry decomposition of these primary 


The volatile products of oosl an aot all mnbwtihfe. 
Prom Km* Utnmtoous sosto, eoenptotely dried, we ob- 
tsto by decomposition ss mash ss 10 per ofat of non- 


ooab even ss’mueh as 18 or 18 pe^aent So tilers oan 
bs no question that the term ‘SnMOa combustible 
matter" as frequently used to dseUadly a mtoaomar, store 
from onMWhth to ona^alf of th* yuiatfl* matter of coal 

to Doorcombustitbs. It to tmportant to bear thb to 

mind when eotei»rii« ooab, Eat* thosa opab havtog 
rich, smoky Tolatil# mat ter sire more «flaU* to bun 
■ efficiently than others havtog a volatila tostter poadUy 


' r£ huri mftltTT 

Am oepato robrtanoa ef th. narere ff -Ihik^. 
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Won m wafer and 00, in 0* voUtiUaed produeta. 
Bo <wo ON1 produees three things by deoompodtion, 
And the more abundantly tha tea motored end me- 
tajrwrpboeed k the ml. We murt expect to find en 
aqaaoua liquor distilled from aool during iU deeompori- 
tfeta, end in feet at (M work, end soke ovens such in 
A» MM, a much greeter vohune of aqueous smmonia 
Uqittk being obtained, eepeeUlly in the hydraulic mains 
(the diet condensing point), then ooaeepoado to the 
volume of the wash water added. 

Theeo faot, enable ue to draw Inference,, at least, 
as to the ebamleal character of some of the substances 
In eoaL The younger coals, like the lignite, and the 
sub-bituminous ooals, muat contain large proportions 
of bodies with —OB or —CHO grouping,, like the eeilu- 
kmm, rinse they produce water and CO, so readily; in 
the more mature ooali, like tha eoking and high grade 
•teaming ooala, there are not •• many of these oxygen¬ 
bearing groups, bdt, probably, nun of oertain highly 
complex loeg-ahaln or many-ringed bodies having ride- 
groupe of readily separable hydrogen atom, or of alkyls 
eorereponding to the paraffin and poesibly the aromatio 
hydrocarbons. Three hydrocarbon groups are let free 
by beat, and then easily undergo further decomposition 
■ into the simple, oommonly known products like methane 

The theory of Wheeler (of the British Coal-Dust Ex¬ 
periment Station) and other,, that coal oontaina oon- 
riderable quantitle, of oertain substance, which decom¬ 
pose only above 700 deg. Cent, and yield principally 
thus hydrogen and the oxide, of carbon, is hardly juatifled 
by Bte experimental data at hand. More reasonably 
is It to be supposed that the large amount of hydrogen 
produced above 700 deg Cent, come, from secondary 
breaking down of the hydrocarbon, first liberated, and 
of the partially carbonised solid material left behind, 
these thing* not having been present, either of them, M 
such in the original ooal. It Is likely that all the organic 
substance in ooal decomposes early by heat, below 
NX) deg. Cent. 

The nature of the substances liberated or volallsed 
from ooal by moderate heat throws some light on the 
eoking pro parties of the ooal. If by prolonged heating 
at 400 deg. Cent, the ooal shows little or no tendency to 
soften or rintar together, and liberates water and gas 
but only a small quantity of heavy, viscid tar or pitch, 
it has not good oolring properties, laboratory tests to 
show eoking quality of coals have never been satisfactory. 
Several an used whloh give more or less Indication but 
are not definite. Among these may be mentioned (1) 
heating to a rod Iwat a email sample inclosed in a covered, 
well-filled platinum box, add examining the coke bar 
produced; (3) nibbing or grinding the coal in a mortar 
and noting the tendency to cake or adhere to the pestle 
and mortar; (8) analysing for C, H and O and com¬ 
paring ratios of O to H. 

Tn recent laboratory experiments in Germany cellulose 
has bean converted into ooal by subjecting it to very 
groat pressure with mOdarate heating. 

Investigations are in progress at several places to de¬ 
tannins methods of increasing yields of some of the by¬ 
products of ooal carbonisation, e. g., the commercially 
desirable benaol and light oils, through carbonisation 
under carefully controlled conditions, of the tan thus 
produced. 

■an or a volution or volatiu mattm. 

In the utilisation of ooal, particularly in burning on 
furnace grates, the rate at which the volatile matter is 
aet free la frequently of greater Importance than the total 
quantity produced. Coals very greatly In tide respect. 
The following results obtained in the laboratory on three 
dlflsnmt coals similarly treated (0.4 gramme powdered, 
air-dry coal heated at 1,000 deg. Cent.) bring out this 
variation: 


Now Ittvar, W. Vs., ooal... s.t «.« so.o i7.s 

nttsbomb. Pa., seal.. #.o 1* u.o ss.i 

ecsridu, Wjo., soil. ee.o isf.t ee.o ai.e 

It may be Men from Arne data that while the Pitts¬ 
burgh eoel produces finally non combustible volatile 
matter than the Wyoming, the latter on the other hand 
lib mates considerably the more in the tort few second, 
of beating. 

The rata at whieh a given ooal hberatM volatile matter 
depends (I) on its ekssnical character i. e, its earn of 
deemapoation; W on the rate at whieh heat is supplied 
tv The ratio between the quantity of eoal heated and 
quantity of heat supplied in nnlt time determines 
fit* at whieh any giri» opal becotsei heated. It 
h e rrinw , not a qualhtim of te m pe ratur e as maah a* 
piaatity cf heat arf quantity of coal When eaeh 
particle of ooal has attained a temperature of 900 deg. 
Oerf. Jp d aoempoaht e n rfo sake and volatile nutter 
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neetion with the volatile matter—the element wliich 
Is so vital in ell prooaee o s of ooal utilisation: 

1—The oomposition as well ss the quantity of volatile 
matter varies greatly among coals. 

3—The first products volatllixod in tho early stages 
of a ooal’s riao in temperature aru eesunlially different 
from the total product as usually obtained. Those first 
primary products are largely tarry liquids, with some 
water vapor and heavy complex gases. Heating con¬ 
ditions determine the degree of secondary thermal de¬ 
composition of them products and tho composition of 
the final gas and tar, 

3—The rate of evolution of tho volatile matter from 
eoal la of practical Importance and varies considerably 
with, the kind of ooal. For a given coat ft is dependent 
upon tho relation between the quantity of ooal healed 
and the quantity of heat supplied^-not the temperature. 
OXIDATION, 10N1T10M, SPONTANXOUS COUBCSTION OF COAL. 

Next to thermal decomposition or the evolution of 
volatile matter perhaps the most fundamental proocss 
Involved in the practical utilisation of ooal is that of 
oxidation or burning of the substance as a whole. 

Blow oxidation at ordinary temperatures gives rise 
to spontaneous combustion and deterioration in storage; 
rapid oxidation has much to do with tho Initiation and 
propagation of ooal-duat explosions in mines, and with 
the relative ease of ignition of fuels In general. Tlui 
proas* of igniting a combustible substance is not as 
simple as it may seem on first thought, and just why 
some fuels ignite more easily than others requires careful 
analysis. 

At temperatures above that of the first appreciable 
decomposition of the substance (say 250-300 dog. Cent, 
in case of ooal), the proooss of combustion is complicated 
by tho distillation of combustible gases and vapors ami 
the alteration of the solid material. Thu gases and vapors 
of decomposition are not, however, all combustible, and 
in fact, those produced from the most readily ignited 
materials, such as wood, are largely non-cumliuslible. 
A splinter of wood held in a flame ignites quickly, it 
is true, because the gases of decomposition are heated 
to their ignition temperatures quickly. But wo can also 
ignite the wood easily in a glare tube at 250 dog. Cent, 
by pasting a current of oxygen over it. Hero the igni¬ 
tion cannot be a matter of distilled gases since the tem¬ 
perature used is much below the Ignition points of those 
gam. 

Relative ease of ignition is unquestionably dependent 
to some extent on ease of oxidation, i. the rapidity of 
the reaction of the substance with oxygon. Recent 
laboratory studies have shown a wide variation among 
different ooals and other combustible substances in their 
rates of oxidation, and the variation in this property 
follows the known variation in ease of ignition, in sus¬ 
ceptibility to spontaneous combustion, and in rate of 
deterioration in storage. 

The action of oxygon on ooal at ordinary tempera¬ 
tures has been shown by recent investigation to consist 
not in a burning of the carbon to GO, nor probably or 
a burning of the hydrogen to water, but largely of an 
addition of oxygen to the ooal substance. This action 
develops heat. English investigators have shown that 
the oalorifle effect of this oxidising action at 40 deg. 
Cent, amounts to between 2 and 3 calorics par oulne 
centimeter of oxygen consumed—only a little less than 
that produced per cubio centimeter of oxygen when 
coal is completely burned (3.0 to 3.5 calories). The rate 
of oxidation Increases rapidly with rise of temperature. A 
ooal which at 30 deg. Cent, consumes 10 cubic centimeters 
of oxygen per 100 gramme* in an hour, multiplies this rate 
so rapidly from the effect of Its own production of heat lliat 
the temperature would rtae to 180 deg. Cent, in a little over 
two days if no heat wore lost. This would result speedily 
in ignition if an adequate oxygen supply were at hand. 

Spontaneous combustion in stored ooal results from 
this slow oxidation by the air at ordinary tempera¬ 
tures. It Is not, in any Important degree, a matter of 
bacterial action, or fermentation. \Vhen conditions 
M to the rite of ooal and manner of piling are such that 
the rate of heat produced by oxidation Is greater than the 
rate of bsat lore by convection currents and radiation, 
the temperature rises. One of the most important 
practical considerations is whether an adequate air 
supply can penetrate to an inner section of tho pilo where 
the heat lots is slow. Fine slack coal does not heat 
seriously In the interior of a pile, if no lump Is present. 
If, however, tbs interior off a pile consist largely of fine 
coal and tbs outer and lower sections consist of lump 
with very little fine, one of the worst poreibie conditions 
is maintained, and spontaneous fires commonly result 

Detsriorotkm of coal in storage is due to slow oxida¬ 
tion, not to lore cf voiatil* matter The deterioration 
in hialini value k not as great as has been commonly 
suppored. With high-grade bituminous and somi- 
bittanfaoua ooala, careful determination has recently 
shown that this lore amounts to leas than 1 per oent 
in I year's exp o sure to the weather, and lere than 3 per 
«M fa * yeas. With our mid dle w ret srn and wartsni 


ooals or lignites the lore is greater but probably does out 
oxoood 4 or 5 per cent in 1 year in any case. Deteriora¬ 
tion In also or physical chanuiter may be somewhat more 
serious, and spontaneous heating even though moderate 
in degree causes very serious loss. Deterioration of any 
kind may l>o quite hugely prevented by submergence 
storage under water. 

Much more might be said of the new knowledge of 
ooal, if time permitted; of the different ways in whioh 
water is held in Ihu coal substance, of occluded g ases , 
of llit, fusibility nr softening of tbo mineral constituents 
at high lemiMTutures, of tho forma in winch nitrogen 
and sulphur are combined in the eoal and how they be- 
liave on healing, etc. 

From wliat lias been told, however, it is hoped lliat 
some understanding may have been givun of tlui im¬ 
portance of scientific knowledge of coat and its behavior 
and of the pmetira! bearing of this knowledge on every¬ 
day industrial problems. 

; Bread from StoneB 

A uiluiULAR entitled "Bread From Stones,” written by 
Dr. (X (1. Hopkins of the Illinois Experiment Htallon, 
has liccoim- un agricultural classic. It Is now lu its 
third ctlllIon and nearly 1U0,00U tuples hare been dis¬ 
tributed Into nil parts of tho Hutted Ntutes. The cir¬ 
cular tells the story of Dr. Hopkins’s success In bring¬ 
ing hack economically s woruoul farm In southern Illi¬ 
nois U> profitable production. 

Tim farm under consideration consisted nf ulsmt .TOO 
ncres of poor gray prairie laid and wiih purchased In 
Novel ulier, 1903, for less thuu $20 on acre. It was 
known In the community us thn ‘Toorlaud Farm," uml 
Dr. Ilupklns adopted that name for Ills farm. The work 
of mdixrniliHi wus begun at first on only 41) ui-rcs of 
the farm. This particular 40 was bought at lift an 
acre. It bml Is-en agriculturally ulmmloned for fire 
years prior to lids purchase. It was covered with h 
growth of red sorrel, poverty grass, and weeds. The 
land was stair, dead, und depleted of plant food. Dur¬ 
ing the ten years following the purchase of Hie farm, 
the 40 uerea received the following treatment: 

J003—Fall: Ihirchiiwd, fin per acre. 

HkJfl—Fall: Applied one Ion |mr uerv fine ground 
rock phosphate. 

1UU3—Fall: Plowed all above under fnr com for 
iiexl year. 

HUM- -Spring and summer: Corn crop. 

11)04- Full: Applied limestone, two tons per ucrc. 

1 non- Spring: Hoy Issins. 

1IKX5—Fall: Wheat 

100&—Spring: Clover sowed In wbent. 

11)07—Spring: Timothy and more clover. 

100s and 10W)—Meadow and pasture. 

1900 -Fall: Applied rock phosphate. 

UWO—Fall: Plowed down for coru. 

1010—Spring and summer: Coru crop. 

1911— Spring- Oats; volunteer cloter appeared. 

1912— Spring and summer: Clover harvested. 

1912— Fall: Plowed for wheat 

1012-—Fall: Applied limestone, two tons per acre. 

1913— Summer: Wheat harvested. 

Note—Applied six loads per sere of barnyard manure 
once during the ten years. 

Only 39 acres were tn wheat, a lath* having been 
fenced off oh one side of the field. The yields were as 
follows: 

Oue and oue half acres with farm manure only—11V4 
bushels per acre. 

One and one half aeres with farm manure kihI one 
application of ground limestone—15 bushels per acre. 

Thirty-six acres, with farm manure, two apidlcatioiis 
of ground limestone, and two of fine ground phosphide 
In thn rotation os dcscrllxsl—.'15(4 bushels per acre. 

Here we have u yield of wheat about double the aver¬ 
age land of Ihe Slate. The practical fhrmer will nat¬ 
urally ask, "Whut did all this costV" The average 
annual cost for the purchase, delivery, and applb-ullnn 
of the limestone nnd phosphate was $1 7.T per acre. In 
the ten years, then, the totul cost was flT.fiO per am'. 
Add to this tlm original cost, $15 per acre, making 
$32.50, and still you have pretty ehesp land to produce 
double the average of I bo Slate. Dr. Hopkins puts it 
this way: "The average annual Investment of f I 75 
resulted In the Innense of 24 bushels of wheat (3514 - 
11W) per aero lu 1913. Thus we may say Hut) the 
previous aiipllcntlisi of Ihesn two iialiirnl rucks, or 
Hi tines, brought alsuit tho production In 1913 of S(I4 
Imshels of wheat, an amount sufficient to furnish n 
ynnr’s supply of bread for more than a hundred people.” 

This story of tho “Poorlnnd Farm” Is a remarkable 
Instance of the conservation of one of our greatest re¬ 
sources, tbo soil. Conservation means a snvlug of the 
resource by a wise use or It. At thn end of ten ywirs 
of use Urn soil on the “IWIand Farm” Is producing 
more wbMt than the average production of tlie state, 
and at Ihe rente time Its fertility Is Increasing year by 
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SALE OF BACK NUMBERS OF THE 

Scientific American Supplement 

TO BE DISCONTINUED 

Of Importance to Librarians 


The Scientific American Supplement it a 
unique periodical. 

Established in 1876 to describe the exhibits 
of the I’hiladelphia International Exposition, it 
proved no successful that the publishers decid¬ 
ed to continue it on broader lines. 

Whenever a Tyndall, a Huxley, a Helm- 
holt/., a Pasteur, a Liebig, a Crookes or any 
other prince of science rose in the learned 
sorieties of Europe and announced some new 
epoch-making discovery of his, his own words 
appeared in the Scientific American Supple¬ 
ment. The technical papers read by engineers 
before societies in America—papers too recon¬ 
dite and too long fur more popular periodicals 
—have been given a place in the Scientific 
American Supplement Americans who could 
not read foreign languages found in the pages 
of the Scientific American Supplement the 
utterances of great European physicists and 
chemists translated into English. 


So, in the course of time, the Scientific 
American Supplement has become a kind of 
encyclopedia of scientific information. It fig¬ 
ures over and over again in the footnotes 
monographs and scientific treatises; it h# 
played its part in research of all kinds. 

As remarkable as the publication itself is the 
method by which it has been made accessible 
to the general public. Every number of 
the Scientific American Supplement 
from 1876 to 1915 la kept in print. 
What la more, the numbera of 1876 art 
•old for 16 cent* Just aa if they were 
publlahed today. And this despite the fact 
that publishers of newspapers and periodicals 
often charge several hundred per cent more 
fur back numbers than for new ones. 

The Scientific American Supplement will 
continue to print the papers of great scientists 
and engineers a* it has in the put But the 
policy of reprinting back numbera will 
be dlacontinued. 


For a few weeks only we shell be able to 
furnish all the single numbers of the Scientific 
American Supplement or bound volumes. 

This announcement la made for the 
benefit of librarlea In which complete 
•eta of the Scientific American Supple¬ 
ment are not to be found, end for 
thoee Interested In edence who feel a 
genuine need for an encyclopedia of 
•deuce of the moat diversified kind. 

We will also supply, free of charge, on re¬ 
quest, copies of the Scientific American Sup¬ 
plement Catalogue, in which all the paper* 
that have been printed in the Supplement since 
1876 are indexed. This catalogue wiH not be 
published in the future!. ? . 

Order back numbers or bound vol¬ 
umes of the Scientific American Supple¬ 
ment now either from your bookseller or 
directly from the publishers. 


Order Bound Volumes of the Scientific American Supplement Now 
MUNN & CO., Inc., Publishers : : : : : 233 Broadway, New York 
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The Life-Study of Patients* 

The Biographic and Multiple Biographic Method of Discovering Medical Truth 

By George M. Gould, M D. 


M mi idjilclnmi bun; thi uist lies with the Mingle 111 
in mm r wlilib tlu. patient piuantlug hlnuelf cum 
plains uni iuimIIuiI iraiLhe iinislst* ulnniHt ulwayH of 
mu It In ittiuil it the tempinucy ami ilutlo (umplalut 
I In ii 11 Mil i i r thi affection at a later time la treate 1 
In Ui nu mi « ijr there may be Mouie vague eouneeUon 
ii till ly III ihynlilan la tween the two or mire 111 
in mm h I il at IiuhL In {ItleH the rnplil elimination of 
l hi old fiiNhl mil family phyalelau who attended one 
1 ml lent ami family for a lifetime Is rant making even 
that |n i i el Ink ImpuBMlIile 

(m uni nl uffeitloiiM and tliiMe of onpuiN tieated 
by HptMlallMts wen m ipovir not uotlnd ami a doaen 
MymiiloniM f mil ir dlmuMea were not thonght of or 
wen Until iih Ms iete and without isusal or relateil 
in mums If nnv i hi si Ian roue to a phlUntoi lilc gather 
lug of I hi fn Is if hla Individual patient a several UI 
in mm h In liar ll\ sin reeded In 1 tolling ovu the mtlre 
lift and huIiJi iting the symptoms and diseases of thi 
nholi pits mil Its t a rigorous analysis and e-oonllun 
tlon 

1 notly n ih h im ever thought of brlnghig a largi 
nunibei of lliiiinl life histories Into comparison mill 
prodiieiug a eomi Mite photograph I f the it mplete lath 
ologle UndlngM \nd Juat this milhml one would think 
would ban buu early Helmed upon as that certain to 
hr I at, ti ihw luedleal truths otherwise remaining hid 
ill II fi MU I hi <1 server Tbo mothod as applied to four 
leen |mllints wrlth one disease has yielded uaexpeetes] 
lilstoitiUs and demonstrated a unity of in use and of 
diverse symptoms that was wholly unforeseen 

I he utrUude of the woild even of the medical 
pnifisgh n In the preemoe of disease has bun one of 
fat illsrn lmleed tlu. belief In fHte one may Hurialae 
lius Inn largely due to the strange and mysterious In 
lilt n i of disease Why one should bo slek and an 
othi r fn e from sickness bss struck meu s mliula ever 
slim the riddle of llfo worried the soul of the boll 
ptstend Tob Ho long as the physhlan whs i inarned 
with I Is patients single and passing (ir killing) all 
ment In gained no large overlook to bring unity Into 
the pathologic problem of a wbult life or f a nuin 
her of ll\ea And viewing disease as an objective en 
tlty studying It from the standpoint of morbidity lu 
factious or oiganlt does not yield the same results as 
In i U w lug It from the aspect of the patient the whole 
lift if the patient and the whole llvis of ms in 
isitliiita lake the fourteen mentioned If one physi 
elan i nld have treated all of Unm during the Ir entile 
llvis he would undesibtedly have win that them was 
si nu single underlying uulty and cause for all tbiir 
allfli thins Hut aa the single umplalnt was treated 
at i lie Mini by one or evm seural ihyalilans anil as 
a hut linl w u consulted during thilr llvea all the 
lasis 11 ins In I discrete mysterious and utterly Inex 
l>lsInnl h M leovir locking Into the wlnda of their 

llnsiiisiiN w find that not one had any conception 
whatieir i the cams and nature of their patients 
nmIndies and not one agreed with the other as to 
tieatnient. A peculiarly lastruitlve fact Is also this 
Many symptoms complained of by these patient! were 
held by both patient and doctor to be merely accidental 
aud concurrent which wen. repeated In other lasew 
and whli h were In feet bound by a single < a use Into a 
strictly pathologic unity Ry the method of focusing 
the clinical life and a numbir of illnlcnl biographies 
Into n composite whole now truths at once break upon 
the ilwerver which were necessarily hidden from the 
physician of the single dnv or year of the single dls 
oai tf the single patient and of the single life 
An 1 the method Is h> no means of value only aa t > 
inlgrah e or eyestrain It will prove I suspect to have 
csiuallv good results In other diseases tl be study of 
Hull al biographies will prove as Illuminating lu thi 
etlol g\ cure and prevention of many diseases even 
In th s In which we think all mysteries ore explained 
I v bni tirlology histology or other objective methods 
1 list ns l Ik good physician treats his patient and not the 
illScasi so gi ueral pathology needs to study the patient 
liistea I f nr at least In addition to bis disease The 
sic k in in rather than the man a sickness his Hfe rather 
Mi in his single lllneas many lives instead of one—that 
Is a mi lh si of eliciting medical truth which Meda ex 
plnltli g no 1 which will In the future bring unexpected 
light Inti i ur intbologlo darkness 
In addition I nm sure that the results of eystrain 
wkl b I have discovered 111 illulcal biographies are by 
no means all In private practice I have gained 

* Asurloss JMIriu 


glimpses too Indefinite aa yet to put on record, of 
fuiLLei and pusdhly of sa great I nfl u eu cse of ocular 
malfunction lu causing other morbid fn acti ons, or In 
lnUuuiiiug them Nu truth la more certain In general 
biology thou that long and oft repeated function be¬ 
gets structure Inevitably, therefore, functional mor¬ 
bidity must produce oiganio or structural morbidity 
lu llluslratluu of that thesis lias much of the progress 
of future medicine, lbs study and systematisation of 
long and repetitive malfunction can be made only by 
nu Him of method of blojrayhk <, lining That *tudjr 
lurgily liw lu til* bftiulN of tbo family phyaldan, wbuu 
lu. will rlae to tun opportunity 

Our first surprise lu these fourteen biographic studios 
Is that there have been so many sufferer* Without 
uuy extended search, aud merely Incidentally, 1 hare, 
lu all found nearly a score of literary, scientific, or 
musical geniuses who were hardly suspected of haying 
been so gtlcvlously afflicted. In their biographies were 
also allusions to many of their friends or distant cob 
u inpurarltM patiently enduring the Insults of the same 
Unease And when one looks Into the history of the 
Unease as chronicled In medical literature It la plain 
that from tbo earliest baibariam to the latent civilian 
liou a large por tion of humanity has had the ana 
disease In medical practice the phyalelau finds all 
over the world the malady tremendously prevalent aud 
rapidly growing more freejuent aud more terrible lu 
Its life-wrecking oonsequenoee Ones amassment la 
beyond expression when, lastly, it Is fopnd that this 
disease of untold millions of the past and of others now 
living la a confessed mystery to science Its very 
name Is au absurdity—the non naming of a trivial symp¬ 
tom generally nut present of a disease, the very organs 
affected being unknown the symptoms indescribable 
the cause unknown the nature unknown and aU treat 
ment absolutely rcMUlUws This blaarre condition of 
aclrutific Impotence la rendered still mote farcical by 
the luit that, except In one case not x patient of the 
fourtceu nor a physician of their hundreds recognised 
the disease before them They were utterly mystified 
and did not oven caU It by any name Evon Nlotssohe 
argued with his physicians that hla terrible disease was 
not erne-shied or h em l cr a n lc 

the fact of the extreme diversity of the oymptoau of 
the fourteen patients, iff Itself prevented their phyal 
t luus from recognising the single cause to which they 
were due The nearest they came to It was a half 
gUmpacd \ ague, and passing adumbration of the truth 
It was in part a sort of flattery of the patient usually 
by liimeeir originally that begot the theory that brain 
working caused suffering The hundreds of columns of 
twaddle about brain fig' In the London and American 
newspapers la October November and December, of 
1UQ3 show the existence of the same superstition A 
thousand brain workers have brainfag,' but another 
thousaud do nob It la plain that tba explanation la 
badly In need of explanation Intellectual work does 
uot produce disease or suffering say more than muscle 
work Evolution has mads no such stupid blunderi n g 
as that 

Rut muscle work with organically diseased musetes or 
blood making organs does produce trouble, and Just SO 
brain work with morbid nervous organs may, and mast 
beget morbid results The phyridxna of our fourteen 
patients never ouce asked If any of the organs put to 
such frightful labor by the intellect were abnormal 
The study of the biographic disks of these patients 
at ottos shows that the greatest, most delicate, mast 
complex, most Intellectual souse organ la, In literary 
activity put to the greatest labor Physiology long 
since demonstrated that In a large number of those ayes, 
their anatomy la Imperfect, their function pathogenetic. 
The old truth will never be sufficiently well leaned 
that morbid physiology la the eoares of pathology, that 
malfunction peered os and begets organic disease TUe 
Is forgotten in the avid study of the end products of 
disease and of tbs disease Itself Instead of tbs diseased 

The great error that Intellectual or literary work per 
te produced tbs d is c us s of our fourteen pgtkots re¬ 
sulted in the rule of Ufa, leaned from experience, or 
half taught by the desperate physician, to get into 
the open air Thus then patients found it wist to 
“take a trip to Swltasrland," to go to Italy," "te walk 
the moon,' to take a vacation," “to run down to the 
Riviera," "to eMsnb mountains." “to *> so a Mm to 
the seashore," eta Often the greeter part of patients' 
tires was spent In this way The s o oosre of thto empiric 


therapeutics was undoubted, but only so long as the 
outof-door life was oootinned With the return to 

sedentary life the old troubles at once resumed their 
away We now know that eye work, not Intellectual 
labor waa the cause of the disease But a 
articles and books on “migraine written during *00 
yean came only so near the truth aa the auggmtkn 
that migraine affects chiefly the educated and intel¬ 
lectual cteeece And even this statement is not tre% 
because It affects all eye workers In equal degree, 
whether they are readers, thinkers, litterateurs, eta, or 
simply sewing women, typewriters, sad handicraft lab¬ 
orers. The fait suggests that with the older physician* 
their well todo patients were their chief concern, and 
the poor were relatively ignored But the poor hare 
the aristocratic disease Just as frequently—If they use 
their eyre within reading and writing distance aa in 
ceesantly aa the students The presence of astlgma 
tlsm baa nothing to do with the social or Intellectual 
statue although it hail much to do with the ph ysicians 
reports of cases etc The walking cure aa It may be 
called waa learned by bitter experience and usually 
by the iiatient himself without the assenting advice 
of the punloil doctor, who did not know what sire 
to do 

The demand of the tormented system for walking 
and physical exercise Is In astonishing evidence In the 
lives of nearly every ana of the fourteen patients 
studied It undoubtedly dictated the Beagle and 
the Rattlesnake’ voyages of Darwin and Huxley, It 
drove Parkman to a fury of athleticism that waa rain 
oos and waa the direct reuse of the aphorism style of 
Nletsache In every one It took a peculiar coloring 
but move they must or they would hove gooe mad as 
Wagner said of blmsalf 

The (dearest medical advice to the migrainous brain 
worker," the brain befogged ’ the neurasthenic etc, 
was that the stomach and digestion were at fault Diet 
became the will o the-wisp, which engendered a thou 
sand cookery books systems of diet food rules, fads, 
institutions, curia and crankerlra. In reference to eat 
Ing and drinking Ail Europe seemed largely ordered 
by the needs of patients worshipping or bringing offer- 
lngs of time wealth, and lives thumselrsa, to the altar 
of the great god dyspepsia All this was because In a 
certain or uncertain proportion of the digestion 
was less or more disordered by ‘migraine ’ No one 
has ever agreed with another aa to what oonatltutes 
the symptoms of the disease migraine, but eome ml 
gralnoua sufferers have nature and vaulting or other 
dyspeptic symptoms That the superstition that these 
secondary gastric symptoms are primary and calmative 
still raise the lay and professional mind, 1s danonetrat 
ed In every textbook and article written on the subject 
The hundreds of brain flagging brain flag correspond 
rate of newspapers of the lari few months show bow 
living Is the old Idolatry 

Migraine’ and ‘brain fag are caused by ariJgma 
tlsm but eye strain causes many other morbid symp¬ 
tom* than thooe grouped under the non-signifying and 
misleading terms. In no textbook on diseases of the 
stomach or of the digestive organa will one ever And a 
word as to eyestrain, and yet eyestrain possibly causes 
more of the diseases of digestion than all other causes 
combined. The study of the patients’ single disease, er 
of the disease Itself, would never hare revealed this 
truth Only the life histories of the suffering patients 
make the fact apparent 

It Is noteworthy bow frequently proverbial and can 
plrie wisdom forefelt the lessons here emphasised. Oue 
of Lincoln’s taaxim waa, “Keep year Atg—aieti got£, 
•tear otear of the Mliooenesa," Ur Beoftela Ward 
Richardson said that the would be centenarian among 
otbar things abouM “wtrfc as little as peaMbto fey artl- 
fldai^lght’ Ton Moltke, Ur James lawyer, and many 
others, have advised strongly, regular out-of-door mar¬ 
ries. Dr Diet, Dr Quiet, and Dr Merryxuu, are oU 
andjamwe phya tetona^ The wlit aor i <* tba la**® 

euree, hydropathic to ritt uti one , sanitarium s, tat a* 
pettodk rdgratioce te Italy, Switparland, and sonsy 
dimes, wbsrt o oUrfAo or. Hfe la enco uraged, sra all to 

Most e ugg w dl ve is the fact that those sstabOshneoto, 
whether frivriooa and ftahionabte. er aoteatae add 
curative, are based qpo e regime wtfefc etope gw 
aa if Aa ayaa. Bow to* tote m* a*Ta 
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tte Old *mruWm that then ta xmyfMist mjatartowly 
ot talracnlooaly tterapwtto la the water Ifatfla worthy 
of the days of apart, booffe, and It la tar more wonder¬ 
ful that the hambos(U7 haa been accepted by the 
world, laj and msdioal, mo long. If one, any place In 
the world, will dteolve U mine of aodlom bicarbon¬ 
ate and SB gratne of aodlom (alphate In a pint of 
watar, it would have all the therapeutic value of the 
Oariabad spring. Add (one citrate of Uthla, and It 
would be far better than any (print water yet (Uncov¬ 
ered. The cunning ooBaaerclaUam that eella water, the 
oomopet thing In the world, at the price of wine, 
will probably not be extinct for cvntuiim to come. 
That la the (Ogar of milk placebo which flxee the at- 
lantlna, while aoveral other really Important thlngx 
are dawanded with military anthorlly: 1. A diet which 
loaaent the (tored energy of the once ahum 2. Bathe 
aud other meararai which Increase metabolism. it An 
amount of walking and exercise that Increases the outgo 
of fore* in normal or physiologic methods 

Bet note the Ignored and revelatory fact implied In 
aU thfc: All throe methods reduce the ekeeaa or over¬ 
stock of fat and nervous anorgy which la the basis at 
"gout," etc, but while they do this they absolutely 
prevent near use of the eyes. The “walking sure," the 
rert-of-tbe-eysB cure, that every poor eyestrain and mi¬ 
grainous patient baa found by bitter experience so 
neeeeeary, Is the (toe gsa no* at Carlsbad. 

The di seas es of eyestrain aU show an exeem of nerv¬ 
ous energy, and all are dependent upon near use of the 
eym. AU are cured by draining oft the eacees of In¬ 
nervation through physiologic channels (walking, nth- 
lotto, etc.), and stopping near ase of the eyes. It Is 
most suggestive and noteworthy that what cures 
“gout" cures the hundred sequels of eyestrain—and rice 
verse/ 

1C r estrain has a peculiar and powerful Irritant action 
npon the nervous system. It begets a hundred differ¬ 
ing results according to the nature, needs, nnd uccoml- 
ties of the individual, but ell are summarised as nu ex¬ 
cess of InnervattciL Hence the demand of the organ¬ 
ism for relief from the morbid stimulus, anil for an 
outlet of the overflow by means of muscular action. 
Thousands of quotations could be adduced to show this. 
In addition to the two reasons given shove, the eyes 
demand that (partial) rest only to lie secured by the 
cessation of “pear work," such as is gained in walking, 
etc. 

All the treatises on migraine have felled to note this 
fact or Its philosophy, and yet It Is a symptom that Is 
moat characterUlng and .significant It often governs 
the lift, and make or mars fortunes anil disposition*. 
Upon It turns the whole enemas or failure of ambitions, 
and It surely colon end controls the quality of literary 
works aa none other. This Is at once manifest in the 
study of nearly all of our fourteen patients, and dally 
stands plain In the confemdona of patients In the physi¬ 
cian’s offioa. It engendered a state of excitement and 
tension In them which had an Injurious effect on per¬ 
sonal character, ami on the matter, styles and Judgment 
of their writings. This la painfully evident in most of 
the fourteen, but rises to positive morbidity In Oarlyle, 
Wagner, and to ruinous extremes In Nietmche. 

It Is Impossible, says George Bitot, for strong, beoltby 
people to understand the way In which malaise (her 
euphonium for alokheadaehr) and suffering eat at the 
roots of one's life. It I* at first sight strange that 
eyestrain may prodnoe In same patients sleeplncm, dull¬ 
ness, etc.—pure Inhibitory effects, while In others the 
nsrvoDR system may be driven to a fury of Irritation. 
Thus in the cnees of Ooorga BUM, Whittier, and Dar¬ 
win. there was the most painful lassitude and exhaus¬ 
tion, while In Oertyle, Wagner, Nletasehe, etc., then was 
a morbid bypenatheala and activity- Often both ooodt 
ttona may alternate In one patient. Although George 
*31 lot was usually dejected, depranad, and tired, she 
HMakn of “the ttdtmnent of writing,- and the median- 
tim li seen in many sentences as, “My idle brain needs 
lashing." In Wagner, eye work neoally produced fever- 
hhh Intensity tad irritability, and yet hn says, '•Some¬ 
times i Mate it my piper for days together." But it is 
taoe, as ho soya, that exaltation was the role and 
ordinary ealm abnormal. Hindnds of potgwmt quota- 
ttona would vividly domooetratn thfc. In the same way 
Carlyle had to work with Us "narves in a kind of 
tim,” “la a rtd hot ohmst," "with Us heart’s blood 
ill • state of flWerad to—Ion," -In a pradpf- 

<* hypenttheria, and to sat «t hfc desk, stared at his 
pm. kb Imagination fotadax* work, ate. Writing 
4toM.*n. Oariyla’a hsad to “psmafcninnwimi," and 
ajwajra Anally sxhaimted ter. H -Mima op" Park- 
teat:, p w dn esd “» highly Irritable organism," 
^ to.avoid gmtar tmMaa, aa did also 

< i n—if. ft# ta JttaMm it «m*e tim saffwar to "a 


vibrations was frightful.” It drove Darwin to the sand- 
walk and De Qulncvy to opium. In almost all it pro¬ 
duced melancholy, helplessness, and despair; made 
pliyulrUus think Parkmau and Wagner and Nletiacbe 
wore insane, made several believe death was at hand, 
begot the resolVH of suicide In Wagner, aiul directly 
canard the cerebral paralysis of Metaache. With the 
hingruiihlc overlook our realises that this hyiierexclta- 
llon and torment of the nervous system caused by eye¬ 
strain demonstrates a causal unity of the whole conse¬ 
quences of athleticism, walking, dieting, touring, liydro- 
I(utilising, Irritability, diseased literature, umlniicliolla, 
IwwduilHin, aud general morbidity, 

Colds, lnflueniH, etc,, are not alluded tv In the trea¬ 
tise* on migraine, and It Is ouly by the study of the 
llfe-rcoords of migrainous patients Unit the truth ls-- 
comes manifest that Inflammations of thu mucous mem- 
brauc of tlie iiiqicr respiratory organ* are often caused 
by eyestrain. In the Individual Illness or even indi¬ 
vidual patient, the relation Is overlooked. Like a doled 
other diseases, Ihe common cold or grip Is looked iqiuii 
as a stroke of fate, and to be accepted without curiosity 
as to the cause, llut even a crude science Is flually 
driven to tls- sup|i»dtloii of a non discovered cause mys¬ 
teriously at work. Whatever role the micro-organism 


Influeuxus tlmt "they may lie duo to micro-organisms, 
or local comllllous In the air iiasoages, but Ihese mala¬ 
dies, as we now know, both depend to some extent on 
a sisxial predlapoaltlou In the sufferer, having Its root 
In the nervous system, and buih leave their stump on 
that system and gradually undermine It" And only 
biographic clinic* show that eyestrain Is one of these 
frequent "siiec.Ul predispositions of the nervous sys¬ 
tem." The seemingly lllngic incldonce of these Inflam¬ 
mations or the mucosa in some patients, nnd the escape 
of otliera. Is, at least In pert, exidaliird by the fact that 
when the ocular reflex exis-nds Itself continuously isi 
one set of organs, <>S]svlally tliuee of the digestive sys¬ 
tem, other organs are freed from the nltarks Thus 
Carlyle, Huxley, Margaret Fuller, and Ihirwln have 
ini colds. He (jnliiccy bat few, Whittier, Isiwm, anil 
Browning, more, Wagner saw some conun-tlon when 
he wrote, “my entarrh has derclnped so that 1 may 
hope It Will rid me of my Usual winter lllntws." Nlelx- 
sche was tormented with colds, hoarseness, etc., nil his 
life, ami Mr*. Carlyle and George Flint seemed never 
to have been without llifluenxa, grlpi*-, sore throat, etc 
111 private practice the relation of lnflucnxa, raids, etc., 
to eyeatralii, has often been noticed. Colds alleniatlng 
with the other symptoms, freedom from the one set 
replacing suffering from Ihe other, hns I wen noticed. 
And colds, also, os n terminal affection, L e.. ii|sni the 
more permanent dlsappeamuce of other symptoms, are 
especially noteworthy. George Kltot's only dlscnse on 
the day of her ilpatli was suppoaed to be laryngeal sore 
throat I-ewe* also died a day or two after taking 
rold. 

Alter I hud several ttmee noticed Ihe strange mani¬ 
festation of peculiar and unaccountable ecxoina*, rashes, 
etc., as the terminal stages of is-ular bemlachcs and of 
slekheadaehra, I fisiinl In Hie reimrts of some old physi- 
elaiui a clear statement Hint ‘'licrpetlHras" were soine- 
tlmes reported os the sequels of migraine. Modem nn- 
thors treating of migraine know nothing shout this. 
Wagner had repented attneks of a “cutaneous malady," 
ami “continuous attneks of erysipelas" which torment¬ 
ed him much of hU life. I rememlier especially one 
patient who had most distressing attacks of "hives,” 
and various other eruption*, pronounced by the brat 
dermatologists atypical, and which were imxxllng to 
them, and Intractable. These attacks were sometimes 
called acute urticaria, psoriasis, generalised enema, 
pityriasis rosacea, etc- In looking hack over her life, 
this very Intelligent patient now remembers that the 
eruption* ware always connected with extreme use of 
the eyes, headache, and especially sick headache. All 
of theaa symptoms In her case have since been repeat¬ 
edly demonstrated to be due to eyestrain. They recur 
with leaving off the glasses, ami are relieved at once 
by proper correction of the eye defect Since the above 
was written, a most carefully observed and excellently 
reported ease has been railed to my attention. It was 
In the practice of Dr. Charles A. Oliver, and published 
1H The PkiMelfkia Uniical Journal. The repealed 
demonstrations that the urticaria was absolutely caused 
by eyestrain la most convincing. Observations would 
doubt)#* prove the sequel more frequent than Is sup¬ 
posed. 

Older author* writing of migraine also emphasise tlie 
fact that pareaea, partial paralyses, anesthesia*, disor¬ 
ders of sensation, etc., are frequently complained of by 
patleBta saffsrlnc from migraine. The most common of 
these symptom* appear to be pansti, numbness, and 
tingling (aa of "pins and needlas") of tte tends and 
uam, —ttodtaf to tte -ok and throat, with taapotuy 


less of speeeh and confusion of ideas. Nletasehe, Wag¬ 
ner, Mrs. Carlyle and others, had similar symptoms, 
called “rheumatism” by biographers, patients, and phy¬ 
sicians. One wonders how inuuy such patients linve 
suffered from such "rlieiiiuntlNniH." There Is nut a little 
mystery about the “gout” of Is-wcs and about 1‘ark- 


cuacs are nqsirted In "lllograp 
of It hlltcrly, aud of unwl I lie li 
chief of all complaints. In tin 
IIIUCMN of H single patient llu- 
syuipliuii; In Ihe life histories 


which Is frequently 
list's oUlir. Beside all 
u«l or dcscrlls’d, there 
a suffering that ofU-u 
he locallxnble nnd de- 


ent, of n disease Is-gtmilng with the trephining savage* 
of harharlsin. widely prevalent In all human history, 
and vastly Increased hath In severity and numbers at¬ 
tacked by ever) uilvam-e In clvIUxntluu. It Is to-day 
wrecking uilllluiis of Uvea anil ambitious, often making 
of them tragedies of needless suffering. The cause and 
nature of the disease Is utterly unknown, and even Its 


s differ greatly as to wbat they 
aUneiit whatever that cures, none 
rims the profession stands today 
■pprohrluni, and despairing of rc- 
Ims turned Us laick upon It, eager 
orgimlc or Infectious dlseuso that 
Imltli of the suffering that la due 

at the actual and entire life of 
uni especially of several such lives, 
cvcnlcd the secret. Few eases, or 


of eyeslralu. The word shouli 
It Is utterly meaningless. Its 
headache ami slckheaduehe. i 
be used Instead of migraine. 1 
caused by evident organic, loci 


such cases the pscudoeyestnilii symptoms, nud also In 
the socallcd "mlinlcrtes" of eyestrain, sclcnllllc *i>c- 
tadcs will probably produce an alleviation or iiiisllllcn- 
tlon of thp symptoms that Is most noteworthy.' 

The continuance of all migrainous or eyestrain dis¬ 
eases Indeed emphasises the great uml 1 have previ¬ 
ously urged* of a systematic aiul periodic re examina¬ 
tion by sdcntlflc specialists, of tbc btsllly organs and 
functions throughout life. Apart from the objective 
scientific value of such tests, they would often reveal, 
and thus prevent further Ingravcsccuce of isitliologlc 
romlltlons nnd trend*, of profound value to Individual* 
and families. 


lag tin fllMsw caosed by ajestrala. 

■"A Byitwa of Personal Biologic Eia 
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Influence of Radio-Active Earth on Plant Growth—II* 

Facts Indicated by Practical Experiments 
By H. II. Huaby, Dean of the College of Pharmacy, Columbia Univeraity 
Concluded from Scnomno Auxbioln Sotpumutt No. 2048, Page 218, April 3rd, 1015 


Opbrxtion* at the North field farm were greatly handi¬ 
capped by the heavy rain* of March, April, and May, 
which delayed planting tor more than a month beyond 
Die proper time, and which lata drowned portion! of 
the arope in low place*. Later eovere drought eauaed 
further Injury. Many of these remit* are, therefore, 
nut yet available, but the growing crop*, which I have 
obeerved with great oare on various occasion*, have 
shown results in all respects similar to, but greater than 
theme recordod at my Nutley plantation, which 1 shall 
now describe. 

The powdered radium ore tailings were applied to the 
land In the proportion of about 26, 60, 100, and 200 
pounds respectively, to the acre. This meant, on plots 
of 6 by 20 feat, only 1, 2, 4, and 8 ounces, amounts in¬ 
conveniently small (or uniform distribution. Therefore, 



Plan of sat ef plots. 


to each suoh portion 8 ounces of ordinary fertiliser was 
added and vory thoroughly mixed by steam power. Thi- 
inixture made of the tailings a sort of radio-aotlvs fer, 
lilixor, for which the symbol RAF will her* be used 
although the figure* stated will actually represent the 
amount of the tailings oontsinad therein., 

A field having an area of one and one-half acres wss 
scoured and surrounded by a high fence to prevent 
posslblo interference. Half of the ground formed a gentle 
slope to the east, the remainder occupying the level 
above. The ground was a light, decomposed sand-shale 
and was moderately stony. Through this plot, from 

• Prom s lecture del Ire red st the New Tort Botsslrsl a*r- 
den on November 14th, 1814. end published In the Journal ot 
the Hotsnlcml Onrdsn. 


east to west, was laid a road 0 feet In width. On one 
side the strip was 114 feet wide, on the other 78 feet. 
The whole set wss divided Into 34 sets, each of 6 plots. 

One plot, AA, was treated with R A F at the rate of 
200 pounds to the eon; another, BB, with 100 pounds; 
a third, CC, with 60 pounds; DD, with 25 pounds, and 
X with none, although It reodred the 8 ounoee of ferti¬ 
liser. Each set of plot* was 10 feet wide, and the plots 
composing the sets were, respectively, 6, 18, 0, or 20 
foet by 10 feet, sooording to the nature of the crop. 
Each plot was separated from those on its four sides by 
paths 3 feet wide, exoept for the centre! read, whioh was 
6 feet wide. As will be seen from what follows, this 3 
feet was too narrow a separation to prevent the rays ot 
the radium from reaching every plot on the tract and 
modifying its yield. 

Eaoh plot of a eerie* reoeived exactly the reme amount 
of the same kind of fertiliser, applied at ths same time 
and in the same way. Every operation of seeding, 
hoeing, cultivating, etc., was performed screes all 5 plots 
at once. Thus, if rain or other condition caused In¬ 
terruption, no plot would have any advantage or dis¬ 
advantage as to tlmo over any other. In short, ab¬ 
solutely no difference existed in the conditions affecting 
the growth of plants In the 6 plots of a eerie*, exoept as 
to the amount of R A K that was applied. 

In all bnt one caao, the R A F was sowed equally over 
the surface and then dug In. In this one ease, port of it 
was put in the rows, in order that a comparison of results 
might be obtained. When some of the early crop* wen 
harvested, the ground was again dug, and other drops 
planted. More fertiliser wss then applied, but in no 
oas* was any more RAF added. The R A F in the soil 
was, however, much more thoroughly distributed by this 
second digging. 

That the 3-foot path was not sufficient to prevent the 
emanations from (soaring and affecting the adjoining 
plots is fully proved by the observations which follow. 
A 6 by lWoot plot of turnips, not treatod with radium. 


lying just north of one treated with 26 pounds R A F to 
tiie acre and having the rows running north and south, 
•hows the plants at ti»* southern end of eaoh row, and, 
therefore, asperated by only the Moot path bun ths 
26-pound plot, twioe is Urge and strong as time* at tha 
northern ends. The graduation in sisa from the Urge to 
the ""*n plants, in afl 10 rows, U almost as regular as 
though produced meohanlcaUy. There U an exactly 
similar diffsreno* among the turnips in ths 36-pound 
plot, those at the southern ends of tha town separated 
by 8 feet from tha 60-pound plot, bring twioe as Urge 
as those at the northern end, with the same regular 
gradation. Between the OO-pound and tha lOO-pouad 
plot* there U little difference, showing that 60 pounds 
produoes about the maximum eflsot on turnip*. 

Between the IOO- and the SW-pound plots, however, 
there U a similar but reve r sed relation. The turnip* In 
the 200-pound plot are stunted by an excess of R A F, 
just as was the splnaoh that oooupied the same plot in 
the early spring. Now. tha plants in the 100-pound 
plot, lying across the path from the 200-pound plot, are 
similarly stunted, while their rise Increases regularly 
from that side to the north side, where they are aa Urge 
and fine as in the adjoining 60-pound plot In the series 
of plots next to the west the oelery plant* show exactly 
the same series of differences as do the turnips. 

Had 1 performed no other experiment* than these this 
year 1 should have regarded the results aa oandurive, 
rinos there is no other possible oause for the difference* 
In the plants titan the effects of tha different amounts 
of K A F. It U in tide way that I explain the wide dif¬ 
ference in the oxtent of tha gains by R A F at the North- 
field farm and those at Nntley. At NorthfUd the piota 
compared are acres In extent, so that the rsdlo-aotivity 
from one oould affset only a very narrow strip of tha 
other, and the difference in weight of crops would show 
the full differenos in activity of tha radium. At Nutlsy, 
on ths other hand, no plot, even though no R A F ws* 
applied, was entirely free from radium inflnenoe, which 
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bemud Hi yfald abova dw normal, and dwtwd the 
fl ftwean briwMB it and the rudbro-traated crops. 
It he* been auggaated that the affects oti the erope wen 
doe to the uranium oontalned In the R A F, became of 
the vary mail amount of radium pnatnt Except In 
part, thb 1« obviously Impossible, rinoe the uranium 
could affect only the plot In which it waa placed. The 
only possible substance the Influence of which could oross 
the path to the neighboring {dot ia the radium. 

All thaw raaulta are permanently and lndlaputably 
d by a aeriea of photographa, which display with 


The eartteet effect of radium la to Increaaa the root 
growth. Often the item growth will be retarded for e 
time, but will later undergo a great acceleration. 

A given amount of sunlight haa produced a greater 
amount of growth when radium waa uaed, and the aame 
amount of food production haa reeultod from a smaller 
amount of green timue in eaaeof the green-home radishes. 

An Inoreaeed tendency to branching haa been observed 
when a large amount of R A F ie appliod to the soil. 

Per hap* the most important effect of the radium waa 
that of improving the edible properties of the products. 


tab whether the longer variety would ahow a greater 
effect from the action of the Ft A F, as 1 had previously 
found true of long radiahee aa compared with small 
round ones, in which ease the Utter (bowed only 2 or 3 
per oent Increase ovor the oontrol plot, while the former 
showed 70 per oent in merchantable radishes and 40 
per cent in total. 

Tn the ease of the globe turnip* I collected 11 pound* 
from the oontrol plot and 15 from the BB plot, a gain 
for the Utter of about 38 per oent. In the oaao of the 
long turnips, I harvested 14 pounds from the oontrol 


Nearly all, if not aTl field orop* gave an increased yield 
under the influence of the proper amount of RAF. The 
largest gab raoordod at Nutley waa 120 per oent; at 
Northfldd 135 per oent. 

Probably the yield at all crop* wffl be decreased If a 
sufficient anew la applied. In moat of the cant, such 
anew waa not reached by the 200 pounds R A F to the 



Row of toralpa from control plot; those at left favorably affected by 
emanations from adjebbg 25-pmmd plot. 



The weight at each fruit at the right bean the same ratio to that at 
the left aa the total weight of the radium treated crop bean to that 
of the control. 


acre, although In most eases the greateat gain waa at¬ 
tained by a smaller amount. 

The amount of radium required for tho greateat re¬ 
sult* differed with different erope. 

AA waa beet In 5 oases. 

BB waa beat In 8 ease*. 

CC waa best b 5 ease*. 

DD waa beat in 11 eases. 

Families of plants showed the same varying suscepti¬ 
bility. Mambere of tho Cradferae or mustard family, 
comprising mustard, rape, cabbage, cauliflower, sprouts, 
kale, kohlrabi, turnip* and radishes woe greatly bene¬ 
fited. Bo were the Cuourbltaoeae, comprising tho 
pumpltln, cucumber, squash and melons; In fact, more 
•o than any others. The Oramineae or grew family, 
comprising bay, oorn, sugar nans, sorghum and lawn 
graas, waa enormously benefited. In this connection, 
It la to be noted that lawns have been peculiarly benefited, 
because of the special activity of radium on young grow¬ 
ing leaf tissue. It is also to bo noted that all observers 
ha vs remarked on the great effect b improving the 
•howinew of flowers. 

The effect of the R A F on a second crop on the same 
ground waa greater than on the first. Thla is probably 
do* to tha more uniform diffusion of the R A F through 
the eofl, caused by oontinued Ullage. The essential 
fact regarding tha action offthe radium la that each par- 
tide la shooting Its raya In ell directions through the soil. 
It la therefore to be expected that more uniform diffusion 
would produce greater raaulta. Thla teaches tha im¬ 
portant)* of working the R A F through the sdL 

Tha offset upon germination, when small amount* 
an used, waa to Ineraaaa the pereentaga of seeds gar- 


Potato** were more mealy. Root erope were remarkably 
tender, sweeter and of finer flavor. Beets, carrots, 
onions, sweet corn and similar vegetables were markedly 
sweeter. Tomatoes were alio sweeter and chemical 
analysis showed them to oontaln lam water and more 
sugar, lladium-grown beans and peas were sweet.* 

My plot* of lottuce, after being planted out, were 
visited by a severe frost which either immediately or very 
shortly caused the death at a number of them. The 
percentage of death In tho several plots decreased with 
tho amount of R A F present. 

The results of experiments with turnips are of greater 
Interest and perhaps of greater Importance than any 
others secured. Two varieties were planted, one tha 
oowhorn, which produces a long slender root like a carrot 
and the other tho white globe, producing a short rounded 
root, half or more of it borne above the surfaoe of the 
ground. There varieties were selected in order to asoer- 
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plot and 32 from BB. a gab of about 120 per cent. There 
two instances go far toward Indicating that the larger 
the amount of root buried b the soli, and thus exposed 
to the notion of the emanationa, the greater will lie the 
gain in that crop. This result screes with theoretical 
considerations. It has been established that the entire 
plant, and more especially the root, booomos radio-active 
and that thla activity resides b the oontalned water, 
which would naturally impart a greater activity to that 
one with a larger root surfaoe buried in tho soil, where it 
can absorb tha radio-active water, this water continu¬ 
ously stimulating all the cells with which it is In contact. 

There are other interesting considerations In this case. 
The season of turnip growth, from late August to middle 
October, was this year marked by an almost total 
absence of rain, so that the orop was practically a failure. 
At the time of collodion, October 14th, tho foliage on 
the control plots waa completely dead and dry. Tho 
DD plot of oowhorn turnip* waa almost aa bad wbilo 
the other three, especially the AA plot, were successively 
less damaged, having more or less green foliage and being 
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still in a growing slate. Therefore, had (he time been 
extended, Die |wroenUge of gain over X would have been 
still greater than that now recorded. On tlie other hand 
tho ooiuiitiona and the results are now abnormal, and we 
probably could not ox poet euch largo diffuroneos under 
ordinary oonditione. 

At to tho round lurni|W, tlie tame difference existed, 
although in nomewhat lnaeer degree. This again brings 
ua to tlie ronaiderallon of the influence of radium upon 
the plant'* resistance to drought. It indkatea quite 
dearly that tliu effect or the radium it to Increase tuch 
reeietance In the eaao of my egg plants, however, it 
appeared to decreato euch resistance. Tho latter result 
appear* wniiewliat nonlradiotory of the effects upon the 
plant’s resistance to frost. The Injury to the plant, and 
the nature of such injury, from frost, it olotdy akin to 
that from drought, and at we have teen in tho oaae of 
lettuce, nullum appears to Inornate resistance to drought. 
It it ]>OMihle that this ditcrepanoy it due to the fact that 
tlie turnips continued to grow where the seeds germinated, 
wlulu the egg plants, of rather large die, were attacked 
by drought just after they had been transplanted from 
tlie wind bed. 

Some little light hat boon thrown upon the effects of 
nullum upon plant diseatet. Tho early part of the season 
was very wet, and the tendency to blight in cucumbers, 
squashes, and lnuikmelont, to amul in tweet oom, and 
to fruit nit in eggplants and tomatoes was rather marked. 
The damage in the radium-treated plots was not the tome 
in tho different oro|>s. Cucumbers and squashes appeared 
to suffer most where there waa most RAF, the melon* 
whom there waa none. Early corn (Golden Bantam) 
sufferud about twice as much from smut whom there was 
most radium as where there was noiu<. while late corn 
(Country Gentleman) showod little difference in the 
different plots. 

This it prukahly the reason lor the small percentage 
of increase in tho orep of Golden Bantam as against GO 
per cent increase in Country Gentleman, from the effects 
of the radium. Hail all smutted ear* from the former 
linen good, and therefore weiglied with tho others, tho 
yield from the KAK plots would have been much greater. 

Tomatoes and cggplanls suffered very little from rot 
on the heavily treated plots, but severely whore there was 
little or no II A F. Ill the case of eggplants the ratio 
of damage on tho different plots ran almoet exactly the 
same, but Inversely, with the amount ofRAK applied. 

One of tho most interesting observations referred to the 
activity of out-worms upon cabbage plants. Both early 
and late cabbages were heavily attacked by this |»>st, 
more eapeeially the early ones. Atioul a third of the 
plants were nut off In the control plot and almost as many 
in DD. When replaced by new one*, many of the latter 
were again out down. Tho CO plot also lost quite a 
number, but the AA and BB plots only one plant each. 
It did not appear to me possible that this difference 


Eugenics and War 

The second Oalton Isscturo, In memory of Kir Francis 
Unltoo, bom February 18th, 1822, was delivered on 
February lflth to the Eugenics Education Society by 
I'rof. J. Arthur Thomson of Aberdeen University, who 
spoke ou eugenics mu] war. Certainties as to the effect 
of war on tho natural Inheritance of the race hare uot 
jet Iterii established, but seme probable risks are dis¬ 
cernible. In ancient tlmva, wbeu lighting waa the order 
of the ilay, n .weaker dnn may taavo been literally ox- 
llrpnted by a stronger, ns black rat by brown rat; but 
nation dot* not exterminate nation nowadays In an¬ 
cient times a liaitlu may have been an effective sifting 
out of lho weaker, leas nimble, more cowardly com¬ 
batants; tint It la not ho now. For tbe elimination la 
cither fortnltons or In the wrong direction. The finest 
hodlea of men ure chosen for tho moat hnsardoua tasks, 
often Involving terrible mortality, and tbe conspicuously 
bravo are iwrticularly apt to be cut off. In modern 
warfare the sifting lends to lie dysgenlc. 

In the second place, there la In tbe making and main¬ 
tenance of the army. In a nation with voluntary mili¬ 
tary service, a selection of the more chivalrous, tho 
more virile, the more courageous, the wore patriotic, 
aud among three there la a mortality high above that 
of non-conibatauta, which means some degree of Im¬ 
poverishment M tbe race. If the number of combatants 
was small In comparison with that of tbe non-combat¬ 
ants. tbe degree of Impoverishment might be slight, but 
If we have In our British population about 8,280,000 
men between eighteen aud forty-five, and If we have, 
ua we may well have, a fighting force of three mlllkms, 
the disproportionate mortality among tbe combatants Is 
likely to be serious. The eugenic mfoguard la In the 
sound nucleus of “flt" and brave men who remain to 
keep thlnga going, and la the women (though they 
again are differentially affected In Belgium and Serbia), 
but It liHifcs as If this war meant for Britain a dispro¬ 
portionate clliulnnihui of those whom we con least af¬ 
ford to lose. Demin's senlenre, In reference to tba 
peat, Is probably true of the present: “The bn vast 


waa das to tits preaenoe of radian and I should soareely 
have noted It but for tbe fact that a geaUasoan who had 
applied B A F to his lawn In Virginia sailed tony that 
his was the only lawn In his neighborhood that had not 
suffered from out-worms, awns having suffered to greatly 
as to be nearly destroyed. It will be very desirable to 
follow up three two oases with others and aaeertaln 
whether tho K A F is actually responsible for tbs pro¬ 
tection observed. 

The relative effeota on the upper and lower portions 
of a sloping plot have not been uniform. Of ten row* 
of oelery so planted, plants in the lower row* are nearly 
twice as Urge as those In the upper ones, and the transi¬ 
tion is gradual and nearly equable. A possible explana¬ 
tion of this is by amuming that in oase of a hard rain, 
with surface drainage, the emanations in the water in the 
toil would quiekly diffuse through the surface water and 
be carried downward. In the oaae of eggplants there 
is an equal difference, but in favor of those in the upper 
rows. One might explain this by assuming that the 
emanation* from the upper rows, which etoapo into the 
air, would paw over the surface of the ground in the 
lower rows. Their action upon the atrial tissues is 
relatively slight, Those from the lower rows would 
strike the roots of the plants In the upper rows. The 
explanations are mutually oontradletory, but so are tbe 
effects observed in the two cases. 

In conclusion, it may be stated that the yield of most 
crops has been increased by the addition of some amount 
of B A F, the amount differing with different crops. The 
beneficial effects continue over successive crops, perhaps 
for many yean. The largest amount required by any 
crop would cost lets than the Increased market value of 
suoh nop of the first year. 

Radium is not a plant food. The neorerity for fer¬ 
tiliser is but little decreased by its use. The fertility 
of unused ground will spontaneously Inareose at a much 
greater rate when treated by radium. 

Subjects worthy of investigation are the effects on 
yield of fruit trees and vines; the specific effects on in¬ 
dividual plant diseases; the relative value of placing the 
HA F hi the rows or hills and of sowing it broadcast; 
the effects on the decomposition of organic matter in the 
•oil; the influence of the different kinds of soil upon the 
result; tho ultimate effects on the vitality and quality 
of crops raised from seeds successively produced for some 
years on radium treated soil; the influence on the medici¬ 
nal strength of drug plants; the effoet on crops not 
tested in my experiments, a* flax, mustard, sweet pota¬ 
toes, peanuts, ootton, tobacco, sugar cane, pieplant, 
alfalfa, etc.; spedflo effoet* on different flowers. 

The results at the Weja (Northfleld, 0.) farm call for 
some special consideration. The soil here was of a 
totally different character from that at Nutley. The 
basin soil is a stiff day, forming a deep, heavy, tenacious 
mud in very wet weather and baking rather hard during 


men, who were always willing to come to the front In 
war, anil who risked their lives for others, would ou an 
average perish In larger numbers than other men.” 

In tho third place, there cau be little doubt that tbe 
economies and retreochmeuts after a greet war tend to 
handicap moat severely the more highly Individrated 
members of tbe community. The highly skilled, whose 
work Is not absolutely necwwry, will be pinched most; 
and they are the salt of the race. On the whole, tbs 
tendency of modem warfare Is dynamic. 

Tho second subject of discussion was tbe Darwinian 
ooucwpt of the struggle for existence, in regard to which 
there Is widespread misunderstanding. As Darwin said, 
(he term is used In a large and metaphorical sense," 
to Include all forma of the clash that occurs when or¬ 
ganisms assert themselves in any fashion against en¬ 
vironing limitations and difficulties. Tbe reactions may 
be competitive or non-competitive, self-regarding or 
other-regarding, with teeth ind claws, or with wlto and 
kindness. It is not doubted that one way In which 
animals answer back to their difficulties snd limitations 
Is to intensify Internecine competition; It is maintained, 
however, that another way, common among the Dm 
forms of life, is to Increase parental care or to experi¬ 
ment In co-operation. An extraordinarily large propor¬ 
tion of tbe time and energy of 11 ring creatures Is de¬ 
villed to activities which are not to tbe id vintage of 
the Individual, and Is an Inadequately appreciated part 
of nature’s strategy that tbe types that survive are not 
only those that sharpen weapons and thlcfcaa armor, 
but also those In which the Individual has bean mors 
or less subordinated to tbe welfare of tba raaa Tba 
Improbability of war being tbe aaring grace of baman 
history grows npon ns. 

Tbe third point In tbs lecture waa that slnee war, 
MotogfeaBy refried. Is, In spile of all Its DohUlty, 
heroism, and skill, a rarareloa to tbe moat primitive 
and ends form of tba atreg^a for existence, it Mm 
s serious risk of slipping down tho rungs of tba laddie 
of rvolatioa What rowings of dreguoaf teeth Aere 
sswst be In tba tenttto straggle ef titis war; h tt amk 


i drought. In the lower pfoasa Itia alay Is ovmfoid 
by and more or laro mixed with * km goaatity of fe 
eayad vegetable matter, forariag a blaak amok in relay 
weatihar and s dry powdery mass during a drought. 
Another important diffaesMoe is that tbe R A F as wall 
as tba fertitiier, waa driQad to tba rows or deposited la 
the bills, instead of bafoff sown broadaask a* a* Nutiey. 

Finally, the plots were of a large ties, fat no ease sm aBe r 
than one twentieth of an sera andtoa rnn e s aaro lft a lmHn c 
several acres. In sash oaae, tho land wm so seieetod 
that all tip plots of one crop were approximately of Ihe 
roms character, and iq all other respects tba aandRkms 
were uniformly maintained Cor all five plots. Owing to 
one or more or all of throe dtfeaaeee, the Imr a ns 
secured by tbs use of tba R A F ware neatly doubts what 
they wen at Nutley. There la, however, a forara! 
uniformity In tbe relative results on the cental plots 
of any one crop. These results are displayed in the 
following table: 

BMULTS AT TUB Wmjx MEM. 

Aaowat Pit Ossl 
▼arMr. ft-A garth QataOvtr 

Farters. Control. 

Beans, Blaok Siring.36 lbs. 37 

Cabbage, Kariy. 80 lbs. A8 

Corn, Golden Bantam.100+lbs. 3S 

Corn, Country Gentleman.100 lbs. 106 

Cncumbere.100 lbs. AM 

Oats.lOOIbe. SO 

Peas, Kariy.lOOlbs. 61.7 

Pees, Late.100 lbs. 46.2 

Potatoes, Early.80 lbs. 00 

Pumpkins.100 lbs. 186 

Radishes.80 lbs. 31.3 

Squash. 12Klbs. 34.6 

Tomatoes.100 lbs. 60.6 

Field Corn. flOIhs. 10 

Altogether, it la fair to assume that the results on this 
large farm approached more nearly to those to be ex¬ 
pected in ordinary agricultural operations than did those 
at Nutley. 

Since the above wm placed In type, a correspondent 
in Mississippi has reported the results of trials with rad¬ 
ishes, turnips, beets, lettuce, oabbage, oarrota and pota¬ 
toes m having bmm entirely negative, tin three last 
being second crops on the same ground. In these trials, 
the R A F at the rate of about 100 pounds to the acre, 
was plaood In the alternate rows. No fertiliser wm em¬ 
ployed and tho season wo* one of severe and prolonged 
drought. 

Another, in Florida, report* no effeots on string beans, 
but on potatoes 1.4 per cent In cre as e from 80 pounds to 
tbe acre, 4 per cent from 100 pounds and 1341 per east 
from 300 pounds. In this case each of tile different 
amounts was placed upon an isolated plot cf 100 square 


to be afraid lost by and by the crop that springs from 
them may include something worse than armed monl 
The discussion then turned to the eugenic position In 
regard to some practical questions. It is porolble that 
tbe losses of tbe' war, taken along with tbe foiling 
birth-rate, may move public sentiment to a stronger dis¬ 
approval of selfish forms of celibacy and to a stronger 
encouragement of chivalrous marriages. There to pat¬ 
riotism In dying for our country, perhaps also In marry¬ 
ing for her. In regard to tbe marriage of recruits, 
more than eugenic considerations have to be boros to 
mind, but where adequate provision is secured for tbs 
passible widows and children, there sews no reason to 
place obstacles In the way of the marriage of eecndta 
of suitable ega and good record. It to for tugenlate to 
■can critically all proposals hurriedly projected to meat 
crises of war strain, such as putting oMldran at fe 
disposal of the former—* doubly dangerous sagfsstton. 
To be resisted also is the natural daatre to aeoaotefoe 
to tba higher super- n s ra ses r ise, such as various forms 
of art, for this insane crtppUag ropsrmeu. Ob* of tha 
results of fe war to Hksiy to ha a freahseed soths- 
riaam tor aU-romad phyricaJ fitrass, gad It must he 
granted that all la pro v oc a te of nurture are eugmle 
•a long m It to clearly rangntoed that naaartoj does 
not make bad wood sotoad. The British tagjaramant 
has an In he re nt dtoUka of coercion, and schemes of 
gpg gmlho ry military trateteg are to be lottos* ou with 
grara s usp icion. Thera to the risk ef tosUktei Free- 
sfontotog. For the umtoctobto privilege at Mag port 
of dvfflaed Europe and for fe andsetobte ate fte a ti sa 
at baring lata wimag—on this occottou—to fe'fe 
right tide* at an oosto, wt stall tare to pay a long 
prire, and H to to ta fasrad that part of .Ate grtes wffl 
bt fe chairing of e u ge nic aadaawn ate! out oosuriv- 
uesferett It teay t*. howorar, that foete wffi 0re 
thaBafooorftaw,andttaUtatapimrlfeimffaftha 
pomftto toreut tec* of fe futon* wtB to II Maw 
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What Everyone Should Know About Cancer* 

Suggestions for Avoiding this Very Prevalent Disease 

By Joseph C. Bloodgood, M.D. 


In. As year 1913 In the registered mu o t the United 
State* 76,000 people di«d o( hum. As the registered 
am only Include* about 00 per cent of the population, 
the cumber of deaths annually must be mush greater 
than 70,000. 

In adults, after the age of forty, earner la one of the 
moat frequent onuses of death. Now that tuberouloala 
h*a to a certain extent boon controlled, tome statistician* 
ohtim that cancer is a more frequent cause of death than 
tuberculosis in people over forty. 

Tboee who know the fact* about oanoer are of the 
ophrion that if the public can be properly educated in 
regard to cancer, tbs annual mortality ihould be re¬ 
duced at least one half, and perhaps two third*. 

When the last five yean (1908 to 1913) are compared 
with the previous eighteen, the following signs of im¬ 
provements are noted: Early case* of oanoerous or pre- 
eaoeerous Inflammations of the Up have increased from 
4 to 18 percent, the Inoperable eaneen of tho Up have de¬ 
creased from 18 to 8 per oent, the per cent of cure* shows 
an Ineraaao from about 00 to 80; tho earliest affections 
of the tongue have increased from 8 to 30 per oent; 
the inoperable cancers of the tongue have decreased 
from 18 to 10 per oent; the per cent of euros shows an 
increase from 21 to SO per cent. In cancer of the breast 
inoperable cases have boon reduced from 27 to 18 per¬ 
cent; 5-year cures have increased from 36 to 42 por oent. 
This means that patient* are consulting surgeons tu 
the very early stage* Instead of waiting until It Is too 
late. 

This improvement is doe chiefly to a surgical inter¬ 
vention earlier after the tint sign of the local disease. 
Very Httie improvement can be attributed to bettor 
surgical measures. 

The chief hope for increasing the number of euros 
of cancer is early operation. Now, people cannot be 
treated unless they seek advice. They must be in¬ 
structed, therefore, when to sook advice. They require 
information (authentic information) on the earliest 
signs of conditions which arc, or might lead to. cancer. 

As a matter of fact, the average individual would 
never think of aeeldng medical advice in this earliest 


Therefore, the price of protection from cancer is 
Information and education directed to tho public and 
to the profession. 

When we have the information as to what may be tho 
first beginnings or warnings of cancer, we should edu¬ 
cate ourselves to have feer then, because this fear will 
induce us to undergo an examination and treatment 
In such an early stage that the chances of a cure will 
usually be 100 per oent. Now feer, as a rule, oomes too 
late. 

Fortunate Is the individual who experiences pain, 
and severe pain. In the early stages of hie trouble, be- 
cause it urges immediate attention. But pain in the 
great majority of cases is a late symptom of oaooor. If one 
waits far pain, the probabilities of a euro are greatly re¬ 
duced. 

Canocr never begins In a healthy spot. There may be 
some dispute as to this statement. But experience 
in a latf* number of oaaee proves that this is absolutely 
true. In tboee trees aocestible to tight and touch, 
we am always informed of a defect entirely different in 
appearance and tine from the oanoer which later devel¬ 
oped in this epot. Now there ti always some local 
trouble which precede* tbs development of tho cancer. 
This so-called prooaneeroua lesion is the flret warning. 

The flret warnings of cancer do not differ from the 
warnings of dissaste that an not cancer. This explains 
why to-day and in the past moat people come for surgical 
aid fat the late stage of canter, because when they were 
first wanted, they did not think of cancer, boo ause 
many individual* similarly waned did not develop 
(•met. TU* U true of the preeaneeroni Mona of the 
din and mueou* mem brute s , of lump* in the breast, 

d h w aa a a of botm and joint*. of l*tion* of the uterus, 
Stomach a»d ook)«L On the other hand, it is a fortunate 
state of affair*, beeaoa* the educated Individual' when 
warned, trill know that, in ties great majority of mm 
the da n ce* an flat It doc* net naan oanecr, or teat 
tebter ka* not *«t dereibpai, aafl tela indMdnal will 
alae tern that 8 he -senate a proper examination at 
ante to be, foflqwed by tee appropriate treatment, hli 
detesti ^,8 jpttoptete tent wty be. bast even if tee 



It is important, thertfore, to repeat that the first 
warning* of eanoer ere not different from tho diseases 
that may la tor be cancer, or that never develop Into 
cancer; that everyone will bo duly wwnod, and in the 
great majority of cast* that warning will he in plenty 
of tune for protection. 

Few people and not many in llio profession realize 
that when the diagnosis is easy the prognosis (out- 
oome) is had. This is especially true in rancor, and 
has lead to tliu terms clinically benign and clinically 
malignant In the former, the usual signs of malig¬ 
nancy are absent Now, if tho cancer is recognised 
at the examination, or at the exploratory operation, 
and the appropriate operation follows immediately, 
the probabilities of a cure are best. But in the cam-* 
which are clinically malignant, cancer is written on 
the surface of tho body. The same operation may 
bo possible and at the oiwratlon it may ap|>twr that 
the disease is equally wull eradicated, but the proba¬ 
bility of a cure Is greatly reduced. The figures in 
oanoer of the breast show this beet. Under the micro¬ 
scope in the two groups it is tlie same cancer. The 
difference in tho results, therefore, depends ou early 
recognition and treatment. 

In this propaganda we must inform the people that 
not only must they hood at onoe these first warning* and 
consult a physician, but at tho first consultation they 
must expect and insist on a thorough examination. 

In tho beginnings of things, especially when there is 
pain or discomfort, many patients seek the aid of quack 
remedies. They do not know that mixlicines which 
relieves pain does not, as a rile, have any effect on the 
disease itself. It simply pnsluoes a period of freedom 
from discomfort and by so much delays the boat time 
for treatment. Undoubtedly people can be educated 
in Ihe treatment of many simple things after they liuve 
become thoroughly familiar with the signs and symp¬ 
toms, but when a new warning appears, something about 
which there ha* as yet boon no instruction, they should 
answer it at once by seeing their physician. 

Most cancers are curable In tho beginning. We may 
safely say to-day that in tho majority of oases surgery 
has conquered the technic of tho operation for the dif¬ 
ferent kinds of cancer in the different localities. Tlui 
cure of cancer to-day depends on earlier recognition 
and earlier operation, if one is to have an operation, 
why not havo it in lime? If you wont it in time, answer 
the first warnings. 

In oanoer of the skin anil mucous membrane, in over 
1,200 oases, there lias always been a previous lesion 
before the development of oanoer. These have boon 
pre-existing congenital or acquired tumors, suoh as moles, 
warts, or lumps, unhealed wounds, chronic ulcere, areas 
of slrin or mucous membrane, subjected to irritation, 
and sear or healod wounds. Every patient who has 
come under treatment with cancer has always told uf 
these beginnings. The interval of time between the 
onset of the procanoorous lesion and tlie beginning of 
a Local growth which would suggest cancer, has varied 
between months and years. We nan be absolutely cer¬ 
tain of tho local prenanccroua lesion, but we cannot 
predict whether, or when, cancer may develop. We 
know that if wo excise suoh a lesion, we have removed 
at laast one, and perhaps the only one, visible spot 
on the body in which cancer may develop. 

In proper hands, there is no danger and no disfigure¬ 
ment In the complete excision of such precancerous 
lesions. In some asses the cause of the irritation can 
be removed, such as a ragged tooth which Irritates the 
tongue and raucous membrane of the month: or the 
habit of smoking and chewing tobacco in cases of smokers' 
burn. In some eases, the little ulcer or wound can be 
healed by simple cleanliness, or by some mild dressing. 
But everyone should know that any irritating treatment 
of the little pneancerous lesion increases the danger of 
oanoer, and if oaneer has already duvnlopod increases 
its local growth. Everyone should know that any in- 
oomplete treatment which does not remove every cell 
of the Mon Is more dangerous than delayed proper 
treatment. 

Among the 200 case* of lesions of the Up reoonlod 
In the Surgisal Pathologic*! Laboratory of the Johns 
Hopkins Hospital the following Interesting facts have 
been saoertaiwd: 

Due to th* local education propaganda the per cent 
of benign cancerous lesions has iucreoscd In the past 
6 years from 4 to 18. Thu late aud Inoperable !•»*•« 
of ennoer of tho Up have decreased from IN to 8,pcr 

seat. Th* par cast of ewes is all eaac* hi which the 


primary Mon on the lip hoe not been previously treated 
or irritated, has boon 76, while if tlie lesion on the Up 
had received any previous treatment, the same operative 
methods have yielded but 33 por ceut of cures. 

Tho failure to cure all canoe ha* been due largely 
to delay. When we have removod the eanner of the 
lip and tho glands in tho neck, and the glands allowed 
no evidence of cancer, there have been OS per cent 
of euros, while if the glands did show cancer, the cured 
were but 60 |>nr oent. Here tho surgery lias been the 
same. The involvement of tho glands depends ou 
delay. It is possible for the glondi to be involved one 
month after the beginning of the lesion. A* a rule 
they seldom show Involvement in lesions present three 
months or leas. Tho best lime to out out a Mon on 
the lower Up is within ono month after its onset. There 
Is no reason to wait longer. If the little sore has not 
disappeared then, havo it cut out. Thu per oent of 
curse in suoh cases has been 100, and in this group is 
one cancer with infection of the glands. Tho per cent 
of cures in the three-months oases is 90; in later eases 
about 110; in all much, os stated before, 76. 

Tho other naure for failure was inoompleto surgery, 
resulting in failure to remove the glands of tho nook. 

Everyone of us will lie warned in time in 'oeions of 
the lower lip No individual so educated should die 
Ilf oanoer of tho lip. Tho protection is the early removal 
of a V-shaped piece including the unhealed leaion. 

Wliat lias just bom slated in regard to the Up, has 
lieen found to lie also truo of lemons of Die tongue. 
Tlie danger of tho delay scorns much greater in lnaioDs 
of the tongue than in similar lesions uf the lip. This 
danger is not duo so much to the iswsible or probable 
involvement of the glands of the neck, but to tho in¬ 
fection of the mnsolte In the floor of tlie mouth. This 
is responsible for the local wcuminen* and failures to 
cure, even nTtor the most extensive removal of tongue 
and glands. When the floor of the month is removed 
without removing the lower jaw tho danger «>f pneumonia 
and intention is groat and tlie mortality low I toon high. 
Tho removal of tho lower jaw is mutilating. The muti¬ 
lation is gruateet when tho center of tho jaw must be 
removod. Tho evidence is based on a careful study uf 
over ono hundred cases. Tho educational propaganda 
has increased the Imnign precarieermis lesions from 8 to 
30 per oent and docreasod the inoperable cauconi of 
tho tongue from 18 to 10 i«-r cent; tho probability uf 
a cure has jumped from 21 to 50 per cent. Tills im- 
pmvoment, however, is not all duo to earlier interven¬ 
tion. There has also been great improvement in tho 
surgery. 

Tho present condition of cancer of the tongue in 
relation to early diagnosis and treatment is deplorable. 
Tho public and profession are not educated a* to the 
dangers of any form of lesion on the tongue and mucous 
membrane on the floor of the mouth. In the majority 
of oosos a diagnosis of syplulis is mado and time thus 
lost. Tho majority of cases of cancer of the tongue 
camo to llio surgeon too late. 1 am confident that in 
tho majority of climes 20 per cent or more ore inoperable 
In this late stage tlie surgery has been incomplete in 
that tho floor of the mouth has not boon removed with 
tho lower jaw. 

Wlien any sore exists on the tongue or in the uumtli, 
the use of tobacco should lie at once discontinued. 
The toeth should be put In order, a mouth-wash of 
bicarbonate of soda employed. The blood should lm 
taken tor a Waiwormaroi reaction. If this is ixmilivc, 
salvarsnn should bo administered. If llio son- docs 
not heal and completely disapixmr within two weeks 
(there is nothing to be gained by further delay), it 
should be cut out with a good margin with the oleotrie 
cautery, preserving the i-enter of the sore for mlrni- 
scopic study. This operation can lie done under local 
MHateesia. It leaves no defect. If this is done within 
two or three weeks of tlie onset of the lesion, the npura- 
tton is sufficient, even if the mirruw-ii|X' shows eaneer. 

Further delay inereasre tlie chancre of tlie develop¬ 
ment of enm-w. If this develop*, the operation neces¬ 
sary to glvo tho patient the l<c*l chaiu-c of a permanent 
cure most lie much more extensive ami the Hour of the 
mouth must he removed with a piece of the lower jaw. 

The last word which scientific medicine has to say 
in cancer is: Ou to a com|K.-ti-nt surgeon iU oner, as wsin 
as any lump or sore appears tliat does not gn away 
111 a few weeks. The earlier you liuve pni|H-r treatment, 
the Ires tlie danger, tile less the pain, tin- Irei, tin- dis¬ 
figurement, the lew the expense. A trivinl operation 
may prevent a serious one and may save your life. 
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Italian aaWage vessel and testing dock For submarines. 

Salving Sunken Submarines 

Provision Made by Foreign Countries Anticipating Accidents 


Tlir. md disaster that ha* overtaken the auhinarlno 
"K-4" at Honolulu reminds ui forcibly that thin typo or 
■Taft in peculiarly liable to a variety of miihap* that are 
unknown to ordinary vessel*, as well a* the ordinary 
danger* of tho tea; and coming aa It doe* while wo are 
reading of tho marvolous performance* of the German 
•ubmarlne* in the atrenuoui work of actual war it in 
HUggotlve of how muuh good fortune ha* to do with n 
Huoemaful raid. 

There ii another and more aerioua aide to thia matter, 
fatal aeoldenta to aubmarinei In tlmea of peace have 
lieen not at all uncommon for there have been between 
twenty and thirty auoh accident*, resulting in the low 
of in the neighborhood of three hundred liven, fortu¬ 
nately all abroad; but thla ii no ezouae for disregarding 
the warning so plainly given, for while several foreign 
countries havo built vessels apeoiaily designed for the 
quick salvage of submarine* in trouble below the surface, 
our Government, in ila anxiety to cater to aentimental 
"peace" advocates, has permitted our brave officers and 
men to continue their preparations for pubUe protection 
without taking the slightest action to make provision 


fora 


k that men may be carried 


leaks at lluimi depths. It will be aasei 
lively* that wo are now taking these very steps, and It 
1s a matter of common knowledge that our submarines, 
before their final acceptance by the Government, are 
actually subjected to a submergenoe teat which re¬ 
quires the boats to be sunk, without anyone aboard, to 
a depth of 200 feet. The Inspiration for them trials 
was an accident to one of our own submarines of the flret 
group built, which, when 126 feet down—she was oarriod 
there by leaky vnlvea—leaked so menacingly that she 
was brought by her crew to the suriaoe again only through 
the desperate working of a single hand-pump. It was a 
very close shave for her people, but it did not teach the 
Government any salutary lemon. 

Germany was the lint oonntry to reoognlae the dangers 
and requirement* of sub-eurfaoe navigation, and, antici¬ 
pating the very kind of accident that has befallen our 
"F-4,” as long sgo as 1010 built special vessels tor the 
salvage of submarines, and also arranged it in such a way 
that it could be used as a floating dry dock for repair 
work on these oraft. This vessel is a powerful self- 
propelled craft 230 feet long with a double hull arranged 
to operate In the same manner aa an ordinary lifting 
dock. Two powerful gantry cranes provide a lifting 


. a weight of 600 tons, and 
its tackle* hookod to chain slings, or to strong ring 
bolts built into the hull of a submarine, any submarine 
boat can be drawn up at a speod of about 80 feet a 
mlnuto. Inside the pontoon hulls, and at a suitable 
height above the waterline, shelves are provided which 
will support a removable dock floor that enables work to 
be done on a tehmarino after it has boon lifted dear of 
the water. This mobile dry dock has undoubtedly been 
of great value during tho present hostilities. 

Italy has also provided a special craft aa an auxiliary 
to submarine work, but it Is rather more In the nature 
of a testing device than aa a rescue apparatus, although 
It Is better adapted for this work than the ordinary 
marine derrick, and it can also be utilised as a floating 
repair dock. 

As will bo seen In one of the « 


which make it posrible for them to survive in their 
confinement for many long hours and yet, in the end, die 
lieeaunc the salvage equipment la inadequate to oope 
with their relatively speedy raising. This has happened 
abroad, upon several oeoaskmi, under harrowing con¬ 
ditions, and it may oocur here again If some provision 
in not promptly made to prepare for just such an emerg- 
onoy. It it not fair to the men that take the risks neces¬ 
sarily involved in service aboard submarines to hesitate 
longer in building ths required salvage apparatus. 

There are somo kinds of accidents which may send 
a submarine to her doom and against which no foresight 
oan provide; but. again, there are other oireumstanoes 
which may cause a submarine to sink and whteh may be 
(dtber entirely eliminated or largely minimised by pre¬ 
vision. To a large extent, this anticipation of aocident 
lb* in the submnitautorbng enough to resist the 

stresses of deep submergence Hud in equipping the boat 
with pump* and other tried- (Mans for the expulsion 
of water ballast or for ths neutralising of reasonable 
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tione the "Laurenti," which la the name of the Italian 
device, oonsfats fundamentally of a long Steel tube A, 
capable of withstanding high pressures sorted from 
within, Into which a submarine D can be floated and 
scoured, after which the entrance is hermetically seeled. 
In our picture, the gateway la shown on the loft sealed 
by the convex salmon. The pre ssu re tube la supported 
by ballast tanks B, whieh can be filled with water ballast 
C or exhausted a* oesadon require*. The dock has it* 
own powe r plant aad tie own pumping equipment,. A 
removable hood 8 provide* a housing foe (he oowdng 
tower. The tube is supplied with keel UoohnF, and eleo- 
trioaHy-diiven capstans B B. When ths submarine is 
bcid'WHfaln ths dock and surroondsd by water filling the 
tuba, u shown by the small diagram, premise is exsrted 
upon the enveloping watw by a suitable steam pump, 
and this pressure eao be railed greatly in exocm of the 
hydrostatic pressure to which a submarine would be 
Ukaiy to be subjected vohmtarfty. Observers remain to 
the submarine wbfle under g oing thla pressure trial, aad 
telephonic faculties top tium to Vmsh with those in 
efaaige of the dock and ths ponging plant. In this 
way the impaction can be tooled on defflMqataly and 
exhaustively, aad all of the Opera ti ve M 

1* put to notion aad dried undtr phjntoat ttodWotaa 
truly reproducing the etocaswtaaoes o'. a*teal dssg> 
robturgeua. Then la u honed iavofvsd,. aad the 
whole operatise oan be eorufatoM right at the yard, ’ 
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Hm German vcnsel “VuIkan. H Can lift EM ton* 15 meter* la in hoar. Bow flew of French salvage veaael for submarines. 


Our Illustration al*o ihowi how the iauircnti dock Francs also long ago provided for the neoewitieR of its published re|>orls of tho duiugs of the German craft, 
can be uaed aa a salvage apparatus. In this manner a submarine flotilla by building a vessel very similar In them is not tho slightest doubt but Lhat auxiliary vessels 

sunken submarine oan be raleed and carried into port or general design to the Qennan ship, but of greater capacity of tho general character of lltoso horn descrilmd are 

borne to shallow water, when she can be opened and and about double the lifting power of the Utter, and an absolutely essential to the sunecssful prosecution of sub* 

entered if inch an operation be desirable. In addition excellent idea of its construction can be had from our marino enterprises; and with these facta so plainly 

to being a t estin g dock, the Laurenti submarine auxiliary illustrations. demonstrated, and madn emphatic by our present 

oan also be stnployed aa an ordinary floating dock for The permanence of the submarina, both as an Instru- disaster, our Government should lose no time In taking 
underwater boats, and In our picture the plating Is ment of oflonse and defense, has been definitely settled steps in this direction, for at present the United Rtales 
removed amidships to show a submarine resting inside. the last few months, and, reading between the linos of possesses absolutely nolliing of this duseriplion. 


Th« Uae ud Care of a Watch* 

Tna Importance of the careful handling uf a tine watch, 
of regularity In winding it, and of frequent checking of 
It* correction with some source of accurate time in 
order to obtain the beat results la so woll known sa 
scarcely to need emphasis. However, with the thought 
of oafling the reader's attention to some Important pre¬ 
caution* heretofore overlooked, tho following sugges¬ 
tion* <m the handling, winding, and carrying of a watch 
are Included here, together with some additional Informa¬ 
tion on the source* of scourste time measurement with 
which one may frequently compare his watch. 

It is wall known that a fall or severe Jar ia liable to 
Injure the meobaniam, especially In the bending of a 
pivot or the breaking of a jewel. It h, perhaps, not so 
well known that the mere fall of a watoh to the end of 
its chain, or the jar it may reoeive when the article of 
clothing containing the watch la thrown down or dropped 
may cause aa aerioua an injury to some part of the move¬ 
ment. Sven the sudden motion* or jar of jumping off 
or on a ear may Injure it seriously. Because of the small 
sise of the pivot* neoosaary in accurate watches all sudden 
motions of the watoh, evon whon in the hand, should be 
avoided. 

Iikawias care should be taken to keep the watoh from 
being magnetised by proximity to electrical apparatus, 
although the trouble from this cause is’being reduced 
by the present type of construction of dynamos and 
motors. 

Unices the watoh has a thoroughly dust-proof oaau 
care should be taken to keep the pooket’fwe from dirt 
and lint, and it is desirable to have a watoh pocket of 
such material that there will be aa little accumulation 
of lint in the pocket as possible. The watohoaae should 
be opened aa seldom as possible and’only In places where 
than is little ohanoe of dust gathering on tho movement 
while it la exposed. A broken'watoh crystal should be 
replaced promptly, even If the watoh has a hunting ease, 
•CtrcuHr No. SI. Bureau or Standards. 


Intended to prevent dirt getting into the moclimnism. 

The importance of the regular winding of a watch will 
be quickly realised when one sees the isoohronism curve 
of a given watch. Kven the delay of an hour in the time 
of winding may cause considerable variation in tho rate 
in some instances. Often it will materially Improve tho 
uniformity of rate of a watch throughout the 24 hours 
to wind the watoh twioe a day, but it is desirable that 
thia plan should not bo followed unless It la carried out 
every day. as a watoh having comparatively poor adjust¬ 
ment for boobroniam would exhibit larger variations of 
rate whon semi-daily windings are occasionally omitted 
than if it were wound only once a day. Such semi- 
daily winding should be done as regularly as the daily 
winding, and the practice of sanding up the watoh a 
little at a time, often absent-mindedly, whenever one 
take* It from his pocket, is not productive of uniformity 
of rate The winding should not bo dono Jerkily but 
atoadily and not too rapidly, and Its oonclusinn should 
be approached carefully to avoid injury to the spring 
or winding mechanism. 

If one winds the watoh only once a day, it is generally 
regarded as slightly better to wind it in the morning 
than at right, as the large variations of the balance under 
the tight spring will perhaps give more uniform results 
with tho movement* and Jar of the watoh during the day 
than if the balance wheel wore subjeet to the lessor 
tension 12 hours after winding. Tho difference is, how¬ 
ever, not so important aa the regular winding of the watch, 
and if mroumstanees are auoh that one is more apt to 
forget to wind it in the morning than in the evening, the 
latter time of winding shouldjbe adopted. If one has an 
opportunity to oompare his watch daily at a oertaJn 
time with some source of standard time, aa with the time 
sent out by telegraph or by radio (wireloaa) signals or 
the dropping of a time ball, or by the regular comparison 
with aome accurate clock aa one dally passes a jeweler’s 
store, for instance, it would be wall to establish the habit 
of winding the watoh at that tlma, aa it ia better to have 


such daily comparisons made at tho time tho watoh is 
wound, and more regular winding will usually ensue. 

Tho pocket in which one carries Ids watch, the size 
of the pocket, and the kiml of watoh cliain or fob used 
have a more important effect on the uniformity of a 
watch's rate than is generally realized. The temperature 
of the watoh in different pocket* will vary considerably 
and the amount of motion and jar to which the watoh 
would bo subject would differ. For instance, a watoh 
oarriod in tho upper coat pocket would generally be at a 
lower temperature and would be more frequently dls- 
turlied, as well aa being hold In various positions more 
irregularly, tlian in other pockets. In a huge pookot 
the watoh Is apt to turn to tho right or left by various 
amounts, giving Irregular rates unless one adopts some 
method to bold It upright, l'crlmps tho best method 
to prevent a watch turning iu this way (other than 
actually pinning it in place) is to keep tho watch In a 
chamois or kid watch bag, such a* may be obtained from 
jewelers in correct sire to fit one's watoh. The watch 
cannot turn In this if of the pro|>er size, ami the friction 
of the bag in I he Jiockot prevent* its turning. The bag 
also protects the watch and keeps it cleaner. Most 
watch chains andjmany watch fobs are not effective 
in holding the watoh upright. A fob of tho typo which 
hangs over tho top of tho pocket sometimes holds tho 
watch upright quite well, but with*such a’fob ono Is 
somewhat more likely to drop the watch. 

At night, r or when’the watch Is not’in’use, it’is de¬ 
sirable to leave the watoh in the name position as during 
the day, and preferably in some place where it will not 
be subject to*any* gnat temperature change. If it ia 
desirable to leave the watoh in a horizontal position 
during the night for the sake of compensating any con¬ 
siderable gaining or losing or the watoh In the pendant- 
up position during the day, the samo precaution to avoid 
markod temperature changes should be observed, and 
the regularity with which such a change of position is 
carried out may be as important as regularity of winding. 
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Tiik law makers of I lie United Hinted know that coal- 
tar dyea were made almost wholly in Germany; they 
knew that tlioac dyea were essential to the ordinary 
growth and conduct of enterprises In this country, not 
Uieniaelvca cliemlcal enterprise* lint which produced 
large valnes of good* annually and employed many peo¬ 
ple; they knew that attempt* had been made for over 
thirty year* to prodoco those dye* In this country, and 
they knew that they had per*l*tenlly and deliberately 
declined to lirlug ahout economic condllloiiH whlcli those 
who wen- In ikwIIIoii to know (old (lieni wen- cMNOiitiul 
to the establishment of nu luih-iioiidciit coal-tnr Indn*- 
try In this country: they knew thnt whatever rent tar 
dyea wero produced In the United HUte* were prodneed 
mere by nHscratiling dye-part* which they knew were 
Imiwrlcd almost wholly from Germany and which they 
knew con Id not be profitably mndc In (he Uullcd Hiatus; 
Anally they knew that If for any reason whatever these 
dyea could not be obtained from Germany the produc¬ 
tion of large vtilin'* of good* mul the employment of 
many people In this country wonlil be Interfered with, 
and very likely scrlonaly Interfered with. 

However, hardly had the Kuropcnn war broken out 
than our dally press well knowing ivbal our law mak- 
em liad deliberately and knowingly done, covered the 
American chemist nnd the American chcmlcnl manufac¬ 
turer with an Bvalauehe of harsh and nnjn*t criticism 
for not doing that which our taw mHkers knowingly and 
persistently had made Impossible. 

Itrondty considered, the criticisms of the pres* may 
bo grouped is follows: 

I. The present shortage of dye* and liineoeslldllty of 
German producers to the American market olTera an 
uiiiuiml opportunity for the ninnufHeture of coal-tar 
dyes In this country. 

II. The chemical manufacturers of this country 
should msko those eonl-tnr dye*. 

SO S11DSTA0E Or DTI*. 

With regard to the And of thc*e It Is very pertinent 
to ask: “h there a shortageT" An open and fair- 
minded pennwl of the textile trade tupers, and of the 
textile sections of dally trade papers from about the 
middle of August, 1014, to date, leaves the question ns 
to an actual shortage very much opoo to doubt, with 
the chaure* for a negative answer very favorable. 

It. Is only reasonable to believe that such perusal Is 
very likely to result In the following summary of the 
situation: At the outbreak of Ihe war our cotton mills 
wore loaded up with cotton that cost them from 13 to 
IS cents per pound; shortly after the nutbrenk of the 
war the price of oollon dropis-d until It soon reached n 
level of about II cents; buyer* of colored cottons In¬ 
sisted upon prices for the manufactured goods laiscd 
upon the then current prices of cotton; nr/trr* of CMtton 
goods Insisted that the shortage of ilyr* was siiltielcnt 
warrant for holdlug out for prleea for colored cotton 
higher than Ihe current prices of cotton would seem to 
Justify; the buyers would not Iray and the sellers would 
not reduce the prleea. In the meantime dyestuff ship¬ 
ments which were curtailed In some of the months, tit- 
creased, and for the year of 1914 the receipt* of dye¬ 
stuffs, 1. e., nllxarin, etc., dyes, coal-tar dyes. Indigo nnd 
nnllln Mils are mttllB nnder 1019; thnt la, the totals 
for 1913 were ♦10.0flfl.0l2, and for 1014. ♦0.43136; In 
other words, 1014 was 03.4 iier cent of 1013. In 1012 
the corresponding total wns ♦1034.703; I. e„ 1013 was 
only 00.0 per rent of 1012 or ♦321.001 short of 1012. No 
one complained In 1013 thnt this shortage as against 
1012 wan due to the American chemist. The answer, 
therefore, I* that there we* sol any serious shortage of 
dyestuff*. With that answer also fall" Hie principal 
condition upun which the presa of thin eonntry based Its 
Insistent demand for immediate dyestuff manufacture 
In this country. 

In this connection It la of Interest to note what Mr. 
William G. Gareelon, secretary of the Arkwright Club 
of Boston, which Includes the treasurers' of rotton mills, 
said on January 10th. lDlfl, to the Committee on Pat¬ 
ents, House of Representative*: 

"1 presume there sre mill* sit over the country who are suf¬ 
fering from s ahortige of dyestuff* The report* that I bare 
■re that the dyaatoff man are etruggttsg eery hard to look 
after their osatomen. and they on nneodlsg, I thllk. fur 
the moat part The dldlcnlty perhaps pm dseper than tbs 

• An B'ltlrma before tbn American Gbcmh-al Society at It* 
afMh meeting, New Orton*. March gtat-AprU 3rd, 1911 

Warn rs* Jnrml *1 /sdoatrtol sad ffsd to dsriag CttssMatr*. 


n la asothar problem, of coons, that Istansts them, 
it lh tbs ottos market, s year* supply of cotton bar 
a bought at somewhere between 18 and IS cant* end 
rant Of the war tha price of cotton dropping to 6 end 


n Is the 

nisnufirtnrtni of _ 

id of It, 

■ nd trying to work at tha dyestuff end of It, sad trying to 
work out year practice based on cotton which wna bought tt 
18 cent* end which you ooold now buy at 8 canto, end had 

■ 11 the trouble*—1 wtU my thli, that It would probably lure 
hern much better for the cotton mill* oi Nww Kn«lsnd It cot¬ 
ton had remained at 18 or 18 or 14 or 18 cento, beenuao we 

a, nod is 


lions of donors of ml mousy and years at effort and 
labor In u aUmpt to Mato X psr owt 8t tha v*ry 
outride, trim U would be moosy la the poekata of the 
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Collaterally to this supposed dyestuff shortage our 
pres* urged thnt American Industrie* shnuld be Inde¬ 
pendent of Kunqie fur such vital materials as dyestuff*. 
Probably on some sort of reasoning, inch as that em¬ 
ployed hy Lord Moulton, vtx., that one dollar’a worth 
of dyestuff" Is nocrasary to the production of flOO 
worth of mnnuCacturcd product- Granting that dye- 
«tuff8 are really so Important nnd that such an Impor¬ 
tant renalItucnt of a manufactured product should be 
manufactured In this country, brings ns up to a discus¬ 
sion of the second question. 

The dividends declared and paid hy the German dyo- 
stnff manufactories In 1912 are In the neighborhood of 
10 per rent on the annnal turn-over. For the purpose 
uf discussion, let os assume It U 20 per cent, and let 
us amumo lhat the man who makes this ♦IOC" worth 
of manufactured product mokes 10 per cent or fit) 
profit on that. The textile maker, therefore, makes flO 
where the dyestuff maker ean make 20 cents, or more 
likely 10 cents It he can mannfacture as cheaply as can 
Ihe German. The American dyestuff and chemical 
manufacturer la not and hna never been attracted by 
I hat possible 20 rents proflt. The textile maker is 
spending that dollar anyhow to somebody; the Ameri¬ 
can dyestuff and chemical maker docs not care to make 
that dollar's worth of commodity. It is of no rense- 
rptenre to him In his bualnem; be Is making a living 
some olher way. hnt the textile maker says It Is a mat¬ 
ter of life and death to him to grt those dyestuffs. 

THI UYK USES* MUST MAKE THE DVES. 

All obvious question nt this point Is thst If thn dyes 
arc so vital to the textile makers, and the American 
dye makers will not make them, why do not the textile 
makers Invest their money In a dyestuff plant and 
charge up any losore that they may snstalo thereby as 
Insumnco premlnin to Insure the sale of their goods and 
tlie proflt therefrom resulting, Just as they make their 
own soap, If need he? There Is no ethical nor profes¬ 
sional reason against their so Investing their money. 

Even If the textile maker, under those conditions, 
would Just break even, ho would still be a gainer; but 
the American dyestuff ami chemical maker would, under 
those conditions, he a loser, here use he would be unable 
to return dividend* to hi* stockholders, who have the 
very unfortunate habit of Inslxtlng upon dividends. If 
It rest the textile maker ♦1.IW to make a dollar’s worth 
of dya, he would be out 00 cent*: that Is, ho would have 
paid a 0 rent Insurance premium to make sure of a M 
coat proflt; If the dyestuff ami chemical maker were 
obliged to sell s thing that cost him I1JS0 at ♦!, the 
sheriff would very soon have pnssnrion of Us property. 

Granting, therefore, that the rtshlllty of oar textile 
and allied Industries demands that these materials he 
produced In this country, it also follows tb 
dal burden and risk connected with the 
of tbn dyea should flail upon them. To this 
Mllty T have yet to use from thn dye users of fUa coun¬ 
try any Adequate or sufficient answer. 

If It be the part of wisdom for textile makers not to 
enter upon the mamfaeture of dyretaCs In this oooo- 
try, even though dyestuff* ire a matter of Ufa and 


venture and be ahead of tha game, own If they lose 00 
rents on ovary doUarta worth of dye predated! 

I have no doubt fat my own mind that tha Mrekhold- 

m tha put of 

their respective properties 

Throughout, since the beginning of the war, tt acorns 
that the sellers of colored cotton goods hare been Indulg¬ 
ing In the cry of “wolf* many times mars than owe 
too often, and the buyers of cotton goods have not be¬ 
lter ed them; If the buyers of cotton goods, knowing the 
sellera of cotton foods better than tha nuuraftctairen of 
chemicals do, will not believe those sellers, what reason 
bare the chemical manufacturers to behove the eaUere, 
or, upon representations of those sailors alone, to Invest 
huge soma of money and vast effort In an attempt to 
help the sellers? 

ataman and mamas. 

is to bs troermost Is that the 
should have a sulfldreit sense 
of patriotism to low their money, and the money of 
their stockholders. In order to help oat the textile mak¬ 
er*. On this point the Journal of O o m mmve of October 
5th, 1814, soys; ‘'There ore some merchants who think 
motives of patriottm should prevent large purchases of 
foreign goods at this time, but there la not os ranch 
patriotism In b 
cold fact of the ri 
made by the bolder* of « 


n the chemical manufacturers of this coun tr y , who «i 


If patriotism will not Indues buyers of cotton goods 
or sellers of cotton foods bo pay more for foods mode 
In tha Lotted States than for those made elsewhere, 
then why should patriotism cans the ehemlcal manu¬ 
facturers of this country to go ahead deliberately with 
a project In which they are sure tb low money? 
wht AjremoiN on-MAKua cannot oomwnt 

But the answer to that Is, “Bure to low money, why?* 
and the answer to that question Is a very long story, 
Imt it can be summed np as follows: The total world's 
consumption of coal-tar dyes of all kinds, tha year 
round, and the world over Is considerably below fl00,- 
030,000; ever store 1879. chemical and dyestuff manu¬ 
facturer* in this eonntry have bean attempting to get 
that business, or a portion of It, away from Germany: 
not only that, bat the chemical mannfhcturen in Aus¬ 
tria, Belgium, France, Great Britain, Italy, Bnaeia, and 
Nwltserland have been engaged In the same effort, and 
Hll of them have failed; there Is no real reason to look 
for glittering and Immediate snccew now. 

At the end of the year 1912 the world owed Germany 
♦Cl ,545320 for dyes Bwltasrland was second with a 
credit against the world of ♦3,794,808. Gnat Britain 
was the home of the coal-tar industry, but tha Germans 
took IL At the end of IW2 Great Britain owed Ger¬ 
many. ♦6375,175, for thla alow of foods. 

For the (teal year ending June 80th, 1012 German 
dyestuff factories declared and paid dividend! of 2LT4 
per rent on their capital Mock; Cm tha teal year end¬ 
ing June SOtb, IBM, thay At ~ - 

of 24,90 per rent on their a 

the dyestuff maker*' dividend* were fully 10 paint* 
■head of the Dears* lBOcme-pwdwdng division of the 
entire German chemical Industry. In other words, the 
German dye tort retry is getting Wronger all tha time, 
not only relatively, Imt actually at won, fog her am- 


her; this ta teywn by tha fart that 
rronre were bit more friekty and ■ 


n aeeoant of the war, than wav this wastry, 
n spite of the fact that both eowntrhmbare trafc* foe- 


factor, sot only iqr the lqaaatiisa of dyas but In their 
monte**** batik, tod, has had to yield to Oarmany. 
■raa mw—w v wt* mmmm ■ ■ 

Near — ““p 1 - II i n' ll ■ Wn itflll mil tt 
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edMMrinl M* at loir pries and In Ugh qmlitj, over 
1,300 dUttratti chondral prodaeto, *oeh dtattoct from the 
othor, «Mk calttac tar mutti mawtactore and ckwe 
and Ckrtful NpanUlaa of each (tap. The textile mak- 
an oooM make the problem a (net deal eaater for the 
Amartean chemical moimtacttirar fey making up a atate- 
Mot for the chmniral nature of all dyes that they dm, 
the u amt and umaaily at each, and the average 
prim* at wtteh they have tan pontaatm them. 
BDOnid It then tan oat that the American textile mak- 
era could ta aatiaflad with, say 400 out of the 900 dyes, 
It might vary wall be that 200 of the 300 Intermediate 
prodaeta would be mffictaot, end that would reduce the 
dlBemlty of the dya manntacturar*' problem by SO per 
oat This ta not an unreasonable expectation since 
mm odor* ban been able to do subrtantially all the 
tinctorial week of tha 80 different colors need Id food 
coloring prior to their prohibition by our Federal and 
State do Termed) U. The textile makers decline abso¬ 
lutely to cooperate even to this allfht extent. 

Sorely compared with the demand on Iho part of the 
textile makers that the chemical manufacturers Invest 
not leas than (0,000,000 and spend a year or two, or 
even more, in making the 900 different dyes and the 
required intermedia tea, the request on the behalf of 
cbcmloal makers that the dye users furnish some de¬ 
pendable statement aa to tha actual consumption, both 
aa to kind and amount, and the prlcea thereof, la a very, 
very vanishing quantity. The textile makers and other 
dyestuff natn could prepare such a list at a total cost 
to them Of lam than (1,000. if the users of dyestuffs 
are so reluctant about this small expenditure of money 
and trouble In order to simplify the dye maker's prob¬ 
lem by ovar 00 per cent, representing millions of dollars 
of real money, the conclusion does not seems to be 
wholly unjustified that these users of dyestuffs have 
cried out long before they were even hurt, and that the 
extant to which they are hurt Is nut worth $1,000, for 
the purpose of ascertaining how conditions can he reme¬ 
died. It la difficult, for me, at any rale, to believe that 
since the users of dyestuffs In this country will not go 
to that alight expense, they are very seriously hurt, It 
they are hurt at all. 

Now the public at large has a right to know what It 
would mean to them to hare (10,000,000 worth of dye- 
stuffs produced in this country; roughly It would coat 
over (8,000,000 of capital and would not, at the very 
outside, employ to exceed 7,000 people all told. In all 
divisions of manufacture, sale and distribution of the 
dyes and the Decennary chemicals therefor, and would 
result In a diminution of our Import bust nose by only 
0.4 per cent 

I say in all seriousness that this agitation on the part 
of our press, and this public clamoring that the chem¬ 
ical makers of this country should at once make coal- 
tar dyes In this country, la very much of a tempest In 
a tea-pot, and t believe that the presentation Just given, 
Is ample justification for anyone’s taking the position 
of “Doubting Thomas.” I, at any rate, have come to 
the conclusion that if coal-tar dyestuffs mast he made 
In this country, the uaeri of the coal-tar dyestuffs are 
the ones who should foot the bill for the venture; they 
should go out and get the money, and they should stand 
the tomes that are bound to result, since they are In a 
position to absorb those loeses without substantial harm 
to tbemseivea. Falling that, tha public at large most 
foot the bill. 

The remedy that some of these oewspepers and other 
equally Ill-Informed persona suggest la to alter the 
policy of our patent laws by Introducing requirements 
for compulsory working. That la, by thus radically al¬ 
tering our policy, we are at once going to get a coal-tar 
dye Industry. 

TBt BSITtSH WOBKIWQ CLAUSE. 

Prance, in tha early daya of the oonl-tar dye indus¬ 
try, was an important factor in the invention and In the 
manufacture of dyaa; tbe aame with Great Britain; 
France has always had a drastic Working clause; in 
MOT, the British working clause was brought about at 
the tnalateat agitation of dyeetaff makers of Great 
Britain, and thay promised, in affect, to the British pub¬ 
lic that if that working elauas were enacted tats statute, 
an Indapandant British coal-tar dye Industry would 
taring op at ones. After the law had been In opera¬ 
tion alx yearn and a half and Groat Britain could no 
longer deal with Germany, what was tha remit? Was 
Great Britain able to supply Its own treads of coal-tar 
dyoe? (Mainly not Was France? Certainly not 
Now, ffnaa neither at Urea* eotwtriea was able to nop- 
Mr ttb dysatnf needa, whan It «mM no longer trade 
*tth Goalup, was tha woftat Want* tha caoaa of 
that iGiffiUia? If not, what was? Omtataly the wort- 
tng eifeaat did act prervaat that ooadlttoa from ariring. 
If the Mtiak waridaf etaue, the hn*. and presuubiy 
Ma haft fter-ffik maaaona war ta Corea atta^ 
tagattapah^T jftftlafe'ataoutafr and utterly tailed 
to K ali ta Jla ,»n4 % half yanrea ceaMac dya ladoa 
fhtti* Mttttmtttmo Boa«mMu dya tectorial 


of Its own—each of them at one time or another mak¬ 
ing some of their own Intermediate prtdocte and some 
of them at times even exporting to Germany—If those 
five British dye works p Ins the new British working 
clause could not produce the (6,000,000 worth of dyes a 
year that Great Rrltaln Imported In 1912, and make 
tbemseivea Independent of Germany, on what grounds 
and by what course of reasoning has anybody the right 
to assume that If we were to put the British working 
clause bodily on our statute-book, we would create a 
large coal-tar dye Industry, at once, or within rap rea¬ 
sonable time? 

In a paper enlltlod “Compulsory Working of Patents," 
written by Oliver Immy and Hugh Fletcher Moulton, 
Itotb of London, and reed before the International Asso¬ 
ciation for the Protection of Industrial Property at Its 
convention In London In June, 1012, they sum up the 
effect of the British working clause as follows: ‘The 
results attained are, therefore, Infinitesimally small 
compared with tbo large number of existing patents 
(100,000) even after deducting from this number those 
patents which may be considered of minor Importance, 
und this In Itself Is an nlwnlule proof of wbat a small 
call there vtbb for this very serious and drastic 
alteration of tho law, nn alteration practically admitted 
by all countries from msny years actual experience to 
he a mistake.” 

At the meeting of the Imperial Industries Club of 
Great Britain, April 1st. 1914, tho compulsory working 
of patents was discussed. No one sjieaklng in favor of 
tho 1007 British Act named soy specific cases of any 
new Industries being brought to Great Britain thereby. 
Those speaking against tho Act referred to case after 
ch so where foreigners revoked the British patents and 
then dumped foreign-made goods on the British mar¬ 
ket. Lord Moulton said of this British Act: “It la no 
use arguing shout legislation of that kind. It Is self- 
condemned." 

Those who have spoken favorably of this British Act 
with but one or two exceptions have colored their state¬ 
ments; for example, one new plant was reprcscuted as 
employing 1,000 people—It employed 37; another repre¬ 
sented at 000 employees, employed 00. There are no 
official flgnres as to the real effect of thti Act ; the only 
figures are those of real estate agents having hind ami 
factories for sale; under those circumstances their fall 
from truth Is undcrstnndnhle, hut It does not heighten 
their credibility. 

While the delwlc wiib oil as to this British wurking 
clause the rosiest predictions were made, and I remem¬ 
ber distinctly that It wns premised that (500.000,000 of 
new capital would be brought Into Great Britain on 
account of this working clause, ind that hundreds of 
thousands of British would receive fresh employment. 

Rhortly after the enactment of the British working 
clause there was a considerable scramble nmnng non- 
British corporations for npporlunities to work In Rag¬ 
land, and that wns looked upon as a great confirmation 
of the wonderful efficiency of that particular Act. 

After two yeurs of foil operation, and under dale of 
March 23rd, 1011, the Trfindon Timci saya: “Some fifty 
firms have commenced or are about to commence work 
under the Act, and the new factories Involved a totnl 
outlay of somo (4,000,000. It Is hoped that employment 
will In this connection he found fur 7,000 additional 
men, and that the wages paid to them will lotal some¬ 
thing like (4,000 per week. Among the new Industries 
are metallic filament, electric lamps, klnenmtogrnph 
films, aniline dyes, mercerized cotton, foods and medi¬ 
cine*, oxygen, clay glaze. The foreign firms principally 
represented are German and Ameriean." That is, (4,- 
000,000 came in Instead of (800,000.000. For fifty firms 
that makes an average outlay of (so,000 per firm; this 
la probably four limes the truth, at that tinder date 
of September 20th, 1914, the Tertiln Manufacturer! 
Journal quotes sb follows, on page 6 from tho Tortile 
Mercury of Manchester, England: “Openings lor Sent 
lwiuttriei —A few years a go everyone was foil of hope 
of I be foundation of new Industries In nttr midst Tho 
oraudon was the passing of tha Patenta Act of 1907, 
which, for t while, appeared to threaten the validity of 
forelgn-beld British patent*. Mnnldpolities, dock, rail¬ 
way and estate companies saw what they took to bn au 
opportunity, aod thay want about to meet It They 
lamed book* and advertisements in forthernnee of tbe 
claims of their situations to order to catch tbe eye of 
capttaUstg who might entertain tha Idea of opening 
RngUab worts. For reasons into which it Is unneces¬ 
sary to enter, tb# result from the** efforts was some¬ 
what tiUappototlag. Tb* act did not lead to the eotah- 
Habaant of any targe n tan bar of now factories on Brit¬ 
ish ground, but tha tacts that tbo anticipations existed 
and efforts wen mode deserve to be remembered at tbe 
present.” Whatever the cause, the tact I* that England 
to-day cannot mak* and does not make bar own supply 
of dyestuffs. 

18th, Utt, tha Pwldant ef tbTunitad Btataa approrad 


an Act compelling all foreigners to work their patent* 
In the Hotted States under penalty of automatic can¬ 
cellation. That Act wan repealed July 4th, 1886; it died 
at tho tender age of three yeurs, eleven months, and 
twenly-two daya If It waa bad policy for ni then, and 
exierlonce proved It to be, why should it be good policy 
for us In 1910 to try the aame thing over again? It 
has not worked In any of the fifty-six countries that 
have tried It? Why should It be succeasfnl attar ao 
many fa 1 In res under present conditions, and why should 
It be successful when tiie old conditions, under which 
it Invariably tailed, returned? 

Another thing that must not he lost sight of la that 
when we put such nn Act upon our statute honks we 
expose ourselves to rolnllnlory measures, and retalia¬ 
tion may take place Just as Germany and Franca re- 
Inllalod upon Great Britain for Ihc working clause of 
UNIT. 

From tho laiiidon Time* of March 23rd, 1911, Just 
quoted. It appears that Germany was not tho only coun¬ 
try hit, Imt that we suffered with H. 

The transplantation of the conl-far dye Industry lo 
lilt* I'nltcd Stairs Is no! n question of imlcnl protec¬ 
tion: it is nothing lint an economic question, n plain 
miilti-r of dollnrs nnd rents; those products ran be 
made In this country If |s>rsons will buy Iliosc products 
nt a fair margin of profit over the cost of domestic pro¬ 
duction, and since wc know In advance that the cost of 
production here will be ulsivc cost of pnsluetion else¬ 
where, plus any prevailing Import duty, why should we 
go lo the cosily venture of >qlending millions of dollars 
to prove the olivhms? 

As a matter of fact. Ihc whole world's coal-tar dye 
consumption Is about enough to umke n decent sized 
business for one country. Ordinarily ll is host to do the 
world's work where 11 can he done Is-st nnd to trans¬ 
port tbe [iroducts from Ihetr plncr of manufacture to 
their place of consumption. If 11 lie necessary for other 
reasons that these products should bo mode elsewhere 
under Conditions economically less favorable, then I how 
who want lliose products made nt Snell economically 
unfavorable plan; should hnir the burden, but thnt la 
precisely what the dye users dn not want lo do: they 
want someone else to foot the bill. 

The textile makers my thnt If they do not get those 
dyes. 2.000.UOO people In this country will he thrown 
out of work, and In order lo prevent that, the chcmlenl 
miiimfncturcrs of this country must go down Into (heir 
IKieluds for millions nf dollars. Now, who brought those 
2,0)10,000 people Into the textile business’ Who haa the 
moral responsibility of keeping those 2.000,(NX) people 
employed? Is It too much lo Nsk the textile maker to 
give up, say 5 per cent of Ills prollls to keep his word 
nnd live up to hls moral obligations, or shonlil the 
chemists nf this country furnish millions of dollnrs to 
enable the textile milkers to kis>p their word with the 
milking of which Ihc chemical manufacturer Is In no 
wise concerned? Is It patriotic (o decline lo give up 5 
1ST cent of your profit In order to keep 2.000,000 people 
ul work, for which 2,000,000 |ieople you are morally, 
directly responsible? Is II unpatriotic to decline to 
furnish millions of dollars to nhl In the keeping of n 
premise with which yon bnd nothing whnlever to do, 
and from whoso keeping you have nothing whnlever to 
gain? 

From on economic, a moral, or a patriotic |iolnt of 
(lew, the responsibility for and the finniu'lal burden of 
making coal-tar iljes in this country reels squarely and 
solely upou Die users of dyestuffs, and In no wise, 
whatever, rests upon the chemists or tho makers of 
chemicals In this country. 

To bring the mailer up squurely before you let me 
recapitulate: The 10,1100 chemists In the I’lilled Stales 
are engaged In pursuits which affect over 1.000,000 wngo- 
earners, produce orer (5.000,0(10,000 worth of mnnufne- 
tured products and add (1,725.000.000 of value hy 
manufacture each year; Ihc business In products of trad 
for ctaumlcal lndualry liotwcoii tho I'nltcd Stales and 
Germany alone In 1913 provided 5 per cent nf our total 
foreign business anil 13.8 per coat of our Ini lance of 
trade for that year, l'leasc boar In mind Unit I an) not 
by any monmi attempting to clulm nil llic credit for 
this for the chemist; nil that 1 ask Is thnt Ids claims 
to recognition for intelligent, active and effective col¬ 
laboration In brlugliig h bout those stupendous results 
he not thrown aside as worthless, and that lie shall Dot 
he made the target of unjust criticism Iicciiiik In 1914 
there was a shortage of about (000,000 nr 7 per cent In 
cnnl-tar dyes aud liecnusn cotton ilreplied from 10 cents 
to 6 cents 

Much more could In said of Ihe chemist and hla con¬ 
tribution to the effective every-day labor of thla work- 
a-day world, but time nnd apace forbid. I am sure that 
till* short sketch of the chemist’s activities, hla holies, 
his alms, and hla work will serve lo create a wider In¬ 
terest In him and will result In according to him the 
credit to which ha la entitled, namely, that ho pulls 
more than hi* own weight In cur nation's boat 
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The Liberty Bell and Diseases of Metals* 

How Re-melting, Unscientific Methods and Mixtures Have Injured the Relic 



Tub Liberty Boll Is eufforing from the dieoase of 
motels. This hes boon dearly brought to the atlontion 
of the public) by tho reoent strvnuuu! agitation to obtain 
permission for ita removal to tho Pamuna-Paninfl In¬ 
ternational Exposition at Han Francisco. Tho faut that 
the hell ha* boon tmnaportod eoverri timna to vnrioui 
expositions haa lent oourege to tho agitators. 

Opponent! of Ha removal from Indopondoneo Hall, 
Philadelphia, contend that If tho boll ia to bo prnacrved 
intact aa a mured relic, it is alwoultoly nocesmry that U 
should be safeguarded aa far aa poaaible from all vibra¬ 
tion; that It haa already aulforod Irreparable injury from 
previous journoya to Now Orleans in 18H5, to Chicago 
in 1H03, to Atlanta in lK0r>, to Charteaton in 1002, to 
Boston In 1003 and to Ht. Louis in 1004. 

In 1900 when tho oily council of Philadelphia wanned 
dotorminod to lend the bell to Seattle, Wash., those 
opposed sought expert metallurgical advice, for it had 
been observed that, In addition to tho old vortical orach, 
a new crack had developed In oomiwiativoly recent 
years, «tailing from the top of the old crack extending 
diagonally around the upper portion of the bell, more than 
a quarter of its circumference. At first this new crack 
could only bo seen by the sid of a magnifying glass, hut 
It is now plainly visible to the naked eye, as indicated by 
the dotted Uno In the illustration. The curator of the 
museum whore the bell rests applied to the Franklin 
Institute for an expert opinion as to the new craek and 
he was referred to Alexander K. Outerbridge, Jr., of 
Philadelphia, a metallurgist of distinction. The result 
of Mr. Outerbridge’s investigation then was that the bell 
was kept at homo. His reoommendatlon, that it be 
supported on four padded stilts to relieve the strain 
which was gradually pulling the bell apart while hanging 
from the yoke, was adopted with beneficial results and 
to the satisfaction of many. 

Vigorous protests were voicod early in February when 
it heoame known that various Philadelphia ooundlmen 
were planning to introduce into the municipal legis¬ 
lative bodies a bill to send the bell to the Panama Expo¬ 
sition. Aa in former trips this excursion, it was con¬ 
tended, would again afford a delightful trip of a fow 
officials to the fair at tho expense of tho city. Through 
tho efforts of the Daughters of the American Revolution, 
Mr. Outerbridge was again brought into tho contest, 
and he submitted an expert opinion on the present 
condition of the bell and against its removal. Extracts 
from this interesting report are as follows: 

It is no hyperbolical figure of speech to say that the 
venerated Liberty BeD is afflicted with a serious disease. 
Metallurgists have adopted Into their technical phrase¬ 
ology the term “diseases of metals," and recognise 
several such maladies. I, myself, have no hesitation 


in saying that the bell has a distemper which should 
insure its meet careful preservation from all shocks such 
as It would be subjected to in a long journey. It is 
only necessary to take a brief glance at the history of 
tho boll to understand the cause of this malady. 

IU maw CASniro or tbs mil. 

Tho bed was first cast In London by one Thomas 
Lester on the order of three eminent mm, Iswo Norris, 
Thomas Leech and Edward Warner, then superinten¬ 
dents of tho State House. It arrived in Philadelphia In 
1752, and was tested in August of that year. Mr. 
Norris states: “It was cracked by the itroke of the clapper 
without any other violence, aa it was hung up to try 
the sound. . . . When we broke up the metal our 
judges here generally agreed It was too high and brittle. 
We concluded to send It back by Captain Budden, 
but he could not take It on board, upon which two In¬ 
genious workmen undertook to oast it here, and I am 
just now Informed they have this day opened the mold 
and have got a good boll, which, I confess, pleases me 
very much.” Mr. Norris further states that in order 
to toughen the alloy, which was evidently too brittle, 
about 10 per oent of copper was added to the metal 
of the original beU when re-meltlng it. In a nibseqnant 
letter to the colonial sgent In London, Mr. Norris wrote: 
"After it was hung in its phtoe it was found to contain 
loo much ooppor, and Pass A Stow, the workmen, were 
so teased with the witticisms of the town that they 
asked permission to oast It over sgrin," Mr. Lester 
also offered to make another bell, taking back the metal 
of the defective on# in part payment, but it was derided 
to give Pass ft Stow, who, by the way, are mid not to 
have been bett-founderi by trade at sB, another ohanoe. 

They re-east the beU, adding, without doubt, a 
quantity of tin to restore the tone which the excess of 
copper had entirely destroyed. The third bell proved to 
havo a high sonorous quality, and Pam ft Btow were 
then paid £60 13s. 0d. (*295.25) for their labor. It is 
probable that the effort made to Increase the resonance 
was overdone, for bitter complaints against tbs tend 
and harsh clamor were mads to tbs Assembly. Om 
petition, signed by “divers InhaWtanta," c cmp ls ln s that 
they were much distressed by frequent ringing of tbs 
great beU, "and beg to be relieved tram this dangerous 
inconvenience, except at the tins of the masting of tbs 
Honorable Assembly and of tbs Courts of Juftioe." 

We have no record of tbs final oompodtion of installs 
employed by Pam ft Stow, but ws do know that they 
must have used at least two down of ths largest crucibles 
or malting-pots than known, In order to suit mors than 
2,000 pounds of mstal required. Under these etreum- 
iteneea, the casting cannot possibly hove been of homo¬ 
geneous composition, and tha baQ was, therefore, sub¬ 
ject to abnormal Aointacs and cooling etirins, which 


tha dapper waa muffled in totting a aolamn dirge on tho 
occasion of tha funeral aoiamdtiea of tha first Chief 
Justice of the Supremo Court of tits United States, John 
Marshall. 

Had tha beU been allowed to mala at rmt after tha 
dis e ase bad thus shown ttaslf in a great creek extending 
about two-thirds of tbs distance from the Up to tbs 
top (bring arrested by tbs somewhat tUslar motel of 
tbs word ‘‘Philadelphia"), tbs new and more dangerous 
creek extending around tbs bril bom tba 

letter "P" in Philadelphia to beyond tbs letter “Y” in 
"liberty," would probably not have occ ur red, tor it 
waa never observed until after tha bell bad mads a num¬ 
ber of peripatetic trips around tbs country, sscortsd by 
city fathers and policemen. 

Failures from oracUng even of the best quality of 
“Government bronse" castings, made under careful 
supervirion are by no means unknown to-day, and it Is 
not at all surprising that our venreated liberty BeU, 
taring passed three times through the writing pats and 
having boon “doctored" by amateurs fas motels, should 
stitt have traces remaining of the disease which caused 
its decay more than a century ago, and it behooves us, 
therefore, to guard Util prsotoos ratio against all avoid¬ 
able risks in tba future for tha sake of ganaratious yet 

In conclusion, I wish to offs in behalf of future 
generations a waning to our present city fathan that 
If they pam a bill to send the liberty BeU to tha Panama 
Exposition for “tha edifiootion and Inspiration of the 
nation,” they are inviting disasters that may bring 
upon them anathemas instead of prelaea of the present 
generation as well as of all future dtisene. Bather 
should they pass a bill prohibiting removal In the future 
of the bell tram its peaceful resting-place In ita proper 
home, Independence Hell. 

The Daughters of the American Revolution were 
consulting counsel with a view to getting out aa Injunc¬ 
tion in ease the conned passed tha proposed bitt. On 
aooount of this report of Mr. Outabridge the bill was 
not presented to oounotts, as contemplated, on February 
4th, and it is probable the bell will remain In Its proper 
resting place. 

The abstracts of Mr. Outer bridge’s report that were 
printed In tbs Philadelphia daily papers inspired several 
Inquiries from him as to the disease of metals. In reply 
to these Mr. Outerbridge, who oondderi the term an 
aooeptod one In mcUtturytoal phraseology and science, 
pubtttbed the following oommunioatiou in the drily 
papers: 

“Reoently mi abstract of a report I made at the re¬ 
quest of a member of the Philadelphia branch of tha 
Daughters of American Revolution on the pr see n t con¬ 
dition of the liberty Bell containing the foregoing 
phrase appeared In the PMo Udgtr and other drily 
papers. Since then I have received several Inquiries 
regarding this statement, which appears fanciful, if not 
absurd, to persons who maintain that three Is a definite 
boundary Una, between living and noa-ttviag matter. 
Without entreing into any argument on this debatable 
topis, I wish merely to refer such doubter* to the famous 
‘Faraday lecture' dattversd by tbs cele b ra t ed Prof. Ernst 
Cohen, of Utrecht, on the Tin Past,' before the Royal 
Society, London, in August, 1911, and reported la full, 
with numerous mutations, la the if satanieri Engtessr, 
April 19th, 1913, Bourtuio Aumoxn Summon and 
other toohnleal'periodicals. 

“nsunornx. 

‘‘ffagteserteg, London, Mmrebsr 3d, 1911, contains 
n long editorial review of this remarkable addrem. is 
which It refres to the fact that tbs main facts of the daeay 
of tha motel tin wnt known half a oeptury ago. ‘Krd- 
mnna noticed in 1861 Oat some organ pipes fat the castle 
church of Letts (Pruastan Saxony) wen decaying; he 
• thought that the ooneusstoao to which tho ptpos ware 
subject might, under esrteln conditions, causa a ms- 

“Refrering to Prof. Cohan's modern researches on tho 
changes taking pteos in pure tin faan tea briUant 
normal ooadMon of tbs mstal to n grey powder wkn 

•Every par ti c le of gray tin becomes a canter tor the 
formation of mere grey tin; Os traufamation advaams 
very riowiy in the dresss medal, but each pnrticlo of pay 
tin aats Urn At pot ef n dbaaac, and in (Us ten It 
may bs redd that tbs tin Is Uectad, and that ul tin Is 
Bride to tafsetiomwHhtiM tin dismae or tin pert. In tbs 
cold galleries of mu seums thadasffliw sf tin totsrtton te 
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p wrihriy grsal ml this am disease It pnvalcot’ abundantly corroborated by eminent authorities on relieving the strains lhe benefleiml effect nyi Mr 
"IB tbs dtaMMka toflorwin* the address two of the metals m Swope Outerbndge wu won apparent in a partial doting of 

gott wrinant hvtat sta tists . who hare contributed _ _ _ wnn ont-iuwua ooma the crack Should it be again wnt on a railroad journey 

ninth Jsaowiedge about the molecular etrueture of metala In further aabita n tiab o n^of thla theory Mr Outer* aoroet the oontinent it la by no meana unlikely that it 

through tbafc original raraa wh ra (Frol Swing and badge aaya that auiee writing the above he hat teen a would arrive there in two piece* 

Doctor Bcesnhafan), rdened to ‘rtraln dJaeats* of matalt,' report of U«U made m ro-midUng pure ooppra several On Fcbraary Uth the von* of tho bell was oonveyod 
and Prof. Ooben Mid in reply that he had purpoeely tamaa under oarrful oondibons With each melting the by telephonic < ommumcatum over 13 600 mile* of copper 

net rafrasad to 'ttmn da t aaea’ la order to avoid eon- metal loet largely in tenule itrength realienoe etc wire from Philadelphia to San Jranmaco 3400 miles 

fa dm Bt a uUn g tecta thowed loet of over 50 per cent from dine It waa tho Drat sound that journeyed aaroaa the entire 

“The foregoing brief referonaet will raffle* to ihow that meltings The Liberty Bell waa reoaat three tune* length of thu <x ntinent and it wat the lint time that the 

my ttatrmtrrt that ‘mctaUmgmta have adopted into their Early In April latt year four additional rapport* wen an cent beU hat pealed officially more it « wy»V«J tolling 
uehnital pisaraology the tram dlaeaaet of metala u plaoed u the can in which the bdl now reeU further the death of Chief Juttioe Manhall 80 year* ago 

The Lincoln Beachey Monoplane 

Details of a Composite Design That Failed From Weakness 

Lixoou Baicnr, the daring aviator who recently Antoinette Nleuport, Deperduasli and Etrlch foe with 0 fuot chord, and total effective eurface of 110 

loet hi# Uft when performing at San Frandaco through turea la deacrlbed by l’eol J Palmer In Airoru/t aa mjuaro feet The plane shape la effictei t and glim a 

the coDapalng of the wlnga pf hla monoplane, had up to follows (this descriptlcn wan wrltUu a me tlmi I if rt veiy blrdllki appearance when In flight lhe section 

the prwent season need biplane machines exclusively the accident) Is calculate I from late N r I data and sh ul I give 

for all of hla axhlldtion work. This year ha brought Span over all aileron* included 27 foot 6 Inches great speed iho camber of the auction la 1 Inch on 
oat a monoplane of Us own design which waa built for actual wing span, 28 feet 0 Inches height over all 8 bottom and -ft Inches on top the ent ring edge being 
him by W S. Baton of San Frandaco In which the feet length over all, 18 feet chord of main plance 0 turned up a trifle d la Nleuiwrt 

primary ohjeota wen to prodooe a machine that could feet effective hitting rarface 110 njuaro feet weight Tho construction and workmanship Is beautiful t 

be rapidly awemhled and knocked down for conven light, 610-525 pounds, angle of incidence for beat speed behold and follow a general monoplane practice Hi rare 

lence In hla sxhlMtton work, and also to ana bis him 0 degree to % degree for best climbing 6 degree* U used as the chief material of construction The rtls 

owing to lta extreme lightness to climb very rapidly horse-power 80 QnOme thrust 850 pound* 7 feet 0 uro bull! u| with si nice rill ends and a cutout wood 
and almost vertically In hla anxiety to secure these inches by 7 feet 4 inches 1 Itch propeller speed mini filler I r d out to lighten The main ribs are spaced 

features It Is evident that too ranch strength waa aaert mum, 45 miles per hour maximum 100 110 mile* p< r on 111 ti ch centers and half way between these main 

Deed, with ths fatal nsnlt above noted. This new ma hour gilding angle 1 In 5 to 1 In 8 ills are placed wood strips running fr m entering to 

chine which la raid to bs a sort of conglomeration of The main plane la In two sections each 12 fxt 1 11, trailing edges lien half way between the ribbaul and 
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the main rib Is placed t "false" rib extending from the fuselage Is trussed with table. Ths fore part of the tim e t able This tiblll (be tasabt Of extra pelta te 

front spar to the entering edge. This streugtoena the fuselage Is covered with sheet aluminium with a ape- be “peeked" araaad the oocntry, meant tftarara « 

"nose" sod helps keep the covering tuuL The spurs are dally shaped “hood" covering the Undue motor which elevator flaps, whichever you want to pot tt, aaffidag to 

spruce I-beams, taper lowHrd the outer end, and ore Is noted for the oil shower "bawth" It give* to the per- make repairs. 

spaced 2 feet 10 inches aistri. The enterlug edge, 714 nonages "astern" of her. The aluminium hood rana Alleroua and slovater daps an raaaHrapaaoMlral la 
Inches In front of llut front s|iur. Is of tvissl, while the beck sad forms s small cockpit for the pilot The shape, with rounded coda H Wf era sack t im B 

trailing edge, 1 foot II 1 ,4 Inches luick of reur s|wr, Is of idiot's bead will Jnst appear above the rim of the cock- Inches chord, by * (set «a attaching edge, and • IM • 

steel tubing, save where the nHerons aiiseh, which la pit. 1'adding la placed around the coaming to protect Inches on trailing edge. The effective area of each plane 
of wood- The covering In Irish linen, “doped" with the pilot iu case or rather "sudden" cessation of for- Is abont 8 square feet The ailerons ore operated atrnffi- 
ChrlalolTcrsoii surfacing varnish which gives a Une ward motion. The airman'! seat la 0 Inches above the tanaomriy by means of the OurtlM ttxrsWlef-yoka the 

tight glossy surface. The plniii-s nn> Internally wlml Hisir, with the foot rest right back of the Ondme bed- control wins running through tubing placed Inside the 

with steel cuble, mill ore fnstened to Hu- fuseluge by plate. A small windshield fitted with celluloid “light” main plates, and pasting around pulleys- The elevators 

means of quick ih-iiieliiiblu elnai|ie designed by Air. Is pul on to help out In landing and to protect from the are controlled by the baek-and-forth movement of the 

Mu Ion. The plane gu> nlres, total number of eight, arc wind prwMre. steering column. 

extra heavy ntool entile, nmt run lo n entmne or iplou The landing device Is a three-wheeled type, fitted The rudder Is 3 feet 6 Inches by 3 feet 6 Inches, With 

on top to the lauding ehassls on the IhiMool Xo dllm- with 20-Inch by 4-lneh tires. The wheels are especially an area of aboat T square feet, operated by tbs wheel, 
lira I angle or “aft” slots- Is given to the planes, for Ur. romrtnicted lo cut down resistance. The rear wheels on atnerlng column. 

llenehey doesn't wind a “slnldllty" iiMchlnc, ho wanU are spaced fl fact mart, while the front wheel Is 3 feet The stabiliser Is In two sections, each S fast 0 Incbes 
something that he out plnce In any port I l.m with no to liicls-s In ndvam-e of the rear ones. Steel stream- by 2 feet, with an area of about 13 square feat, total, 
counteracting Iciuleiii’les on the |wrf of the pbtue. lined separators and struts are used to attach to the They are sttachad to the fuselage by special eHpa. The 

Tbu fuseluge pro|s-r Is 12 feet U Ineltes long, 2 feet fuselage as shown lu drawings. The chawda acts us tbe seetbm Is the same si the main surface, proportionally 
3 Inches ilw-p, unit '2 feel II Ineltes wide, tapering an "pylon" for the lower piano guys Altogether, tbe reduced. 

shown In drawings The Issinis tn|s-r luwnrd the rear, chassis Is a strong, simple, and very nmiiwct arrange- Tbe powor equipment conatsta of an 80 hone-power 
and all struts are slrciimllucd In cur*- Hr. Iteaehey do- luent. Mnnnsaappe GnOme motor, direct CDimected to a 7-foot 

sires to remote the iviterlug for belter maneuvering The control planes nre a marvel of constructive art Ik-lncli diameter, by 7-foot 4-lnch pitch propeller, which 

nldllly. ’ITio first layer Is built In two sect Ions, which Sleet tubing Is used for the outer edges, with spruce ribs rqvolvh-* at about 1,200 revolutions per minute. The 
•iit- S feel null fi reel l> Indies long, each, buck and front, anil utlndiliig edge. They are solidly gayisl with ruble, mounting Is n special constructed bed-plate, fastened 
res]MS-lively. The couiiccHiiiih at the Joint are deslgmsl Mr. llenehey Is "heavy" on slandardlxntiuu, and cono» -ss-un-ly lo the fuselage. The fuel tank la placed under 
for quick di-liii-lilng mill nre extremely strong. The queutly Ihe nllcruua and elevating plnnes are Inter Hie "cowl" nnd Is force fed to the “mixer." 


Gyrostats and Their Lessons 

Studies of Various Forms of Apparatus 

lamp Kelvin's work wus so comprehensive anil many- the equinoxes Tbe main principle of this last has been effected by sulistitatiiig a large wheel with a grooved 
sided that It Is dittlcnll to guln ail adequate conniption Illustrated limes out of number by tbe phenomena ex- rim, on which the cord waa wound aa It waa drawn 
of lta noble pn>|K>rtluiw Hint varied diameter. It la like blbltod by an ordinary lop, when spun by n cunning throngh the gyrostat Vow, of Conroe, an electrle motor 
a mountain that presents many uspecls ua It is ap- hniid, giving rise lo the "sleeping” feature, and Ihe Is the only method In nso. 

pi(weliod from different directions, and everywhere rotation of the axis of figure about the vertical. Isinl When the gyrostat Is spun successfully lta peculiar 
lowers above the nearer objects Urnl ut tliuo« Intercept Kelvin weut one step farther Lu his mechanical arrange- motion* can be well studied by suspending it from a 
Hie view. In the Kelvin li-t-lurca we Jmvti the upper- nii-nt. and made Ms globe actually process by weighting cord attached to the rim, and hanging a weight to the 
lunlty of studying some one ns|s-d uf Ills touching and It with a pin projecting from the north pole, and roll- part of the case surrounding the axle. In ouch a pool- 
genius, and of correcting any mistakes In |s-r»iiective lug round n ring, thus maid eg a narrow coue fixed In Hon tbe axis of spinning remains horlsontal, and at too 
that forgelfulness tuny have lulriMluced. 1'rof. Andrew the ,.,irth roll lu the lnalde of n coue fixed In spoee. same time turns round In a borlaoutal plane. Strictly, 
tirsy, V.U.S., uu old pupil ami colbilsirntor, selected Theoretically the subject wn» carried many steps far- tbe axle alternately descends allghtly below and rloo* 
fot the six lb commuiuoriillve lecture, delivered by him (her, for the observed phenomena, correctly Interpreted, slightly above the horizontal, but a true borliontal mo- 
ou Urn 28th ultimo, lliu subject of gy rosUHcs, one that could possibly throw Ught on the Internal structure of Hon can be maluUlued by properly etartlng the gyro- 
apissilod to Lord Kelvin, both on iii-inunt of the logo- Hie earth. In lSttl Kelvin had decided that the ob- slut In tbe axlmathal motion, and then leaving It to 
unity of too uiccliuiitcal tk-vlces by which lie Illustrated servisl effects of precession were lncomiwtible with an Itself. This aximothal motion of the axis Is the ehar- 
II un<l lilt- eoiiqileleness of the theoretical explanations liilrrmill.v liquid pnrth. Simon Newcomb, however, sug- nctertstlc precesstonsl motion of the gyrostat If the 
he whs able to provide. gested to him flint viscosity might make toe earth be- flywheel Is set with Its sxls not horlsontal, bat Inclined 

At lliu inilset, the uuiUenee were reiulnded of u proud- luive ns If It were rigid throughout This snggestlou to the vertical. It has a processional motion, In which 
nent feature Hint not infrequently clinrai-U-rlm-d the could not Is- lightly thrown nstde, but as a direct cause the nxls mores In a cone round the vertical. The pecu- 
Icclures uf the great physicist; lie would become so vlsfvsdly Is Inadmissible. Indirectly, however, It Is Unr behavior of the axis Is often considered, by those 
keenly absorbed In Ihe Is-liuvlor of Ids upixirntus, that effeellre, for so far us precession affonls a trustworthy unacquainted with toe effect of torques or coop leu. as 
In his watchful eyes loltl Its utl<- so thoroughly mid Index, rotation would Imliieo the necessary rigidity In uncanny, and beyond ordinary comprehension. But In 
clearly, that Jin wus it pi to forget tlwt Ills class needed mi Internally lluld earth and make the axis move as lu the particular case of horlxontaUty, experiment will 
some dynamical cxplnnallim to eiiuble them to under n solid glols-. The conclusion at which Istnt Kelvin give a rlno to tin- explanation. It la easily perceived 
sinnd llie curious evolutions iln-y beheld. Those who mrlvetl was Hmi, If Hid elllptielty were not too small, that an uttempt to retard the preceaalonel motion makes 
were strung enough In follow Hit- thought of Hie master, Hu- shell would not have more precession Hum too the axis descend, and to accelerate H makes the axis 
to bridge too Ills tils, mid lo work oul Hu- problems he liquid, nnd Unit tbe cotuponnd rotating muss would rise, or that the UorlooutaUty of tbe axis depends on 

suggested, were, however, llie gain ns In II.id, fur It hare si-iisllily the smm- precesslonnl motion ns If It were the freedom of the gyrostat lo process at a certain defl- 

l» good for ii student lo have Ids curlnslly sflnniliilcd n single rigid Issly. A fresh criterion to ilccldp tile true idle rate, depending. In fact, on the couple, applied hy 
nnd to be conipi-lli-il lo find n millNfiiclory solulIon for rliiiriicter of llu* earth’s Interior had to Is- found, nnd the weight of the gyrostat acting downward and the 
himself. lids was supplied by the solur semi annual, and fort- pull uf the string ncllng upward, end oa the angular 

The first nHi-nipt or i-Y|M-rliiienl to nreuse iitlenllon nlgliily lunar, natations which would Im- innterbilly uf- momentum of the flywheel. Tlie mathematical theory 
nnd promote Inquiry, ns Ihe slmph-sl, win, dlreclcd to fe<-tcd by a possible Intenially liquid earth. Uufor- Is m>t difficult to follow, but us Lord Kelvin thought 
Illustrating the truth of the tift-quotcd formula, "Hurry Iniintely. Ihe numerical coefficients of tliese terms In Ihe ttat tbe true value of the expertmeut constated lu ex¬ 
on the precession uml Hie body rlMi-s In opiMwltkni to gi-ncnil untfitlmml theory nre small. citing tho curiosity of tbe students and lu awakening 

gravity," though It miiy be snkl here Unit Inter In the The examination of this and similar qacsUons led to the desire to trace tbe reusona fbr the apparent anom- 

leclurc l*rof. tlriiy showed lliut lids statement needed much work on liquid gyrostats, but before describing aloua liehavtor of tbe Instrument, we Will leave the 

qualification. A solid block of wood, wlioso surface |lint lj|ie It will be well to follow Trof. Gray la bis problem With this hint 

may bo Imagined us goncralcd by too revolution ot an dbcusslnn or toe ordinary solid form, Indicating the It la, however, Important to note, ilnee It may be 
ellipse about Its major axis, wus made to spin rapidly Improvements ihHt hove been made In Its construction, overlooked by tbe disciplined, that then are two poe- 
about a minimum dtuuiL-tcr. Tills block, ut rest, Is In Though everything ttiat rotates may Im called a gyro- stole p ro c e ssional motions tor tbe same spin and the 
stable equilibrium, when ll h shorter axis Is vertical, but star, (be term la usually limited to disks of metal rotBt- an me Inclination of the axis of spin to the vertical, 
under the Influence of rotation Is stable when the longer lng on an nxls and carrying a massive rtm so as to lndkstod to tbe theory by the two roots of a quadratic, 
axis to upright. It is n very reinarknblo rt-siili, for too Incrense ns far aa possible thp moment of inertia. The One Is largB, the other mnaJL One, piled hy Lord 
ceuler of gravity Inis been raised nisi the equilibrium flywheel, resulting from such an arrangement, la Kelvin “adynamky" does not depend upon applied 
Is rtablo. Tbe spin turn ulU-red the comUlhniH of equlllb- mounted In a cylindrical case, with extension* Inclosing forces; the other, called “p rc ceadonfft," data, Tht 
rlum completely. The puwle to tbu nuluatrncted be- Hie axle, for which they are provided with bearing* it njotion 1* one of small oadllation abont the steady mo- 
cotues more acute when tlus experiment Is repeated with the ends. In tbe older form these bearing* were cope, torn, which is characterised by glow precreel on. . . , 

t-ggH, boiled and unMletl. Tis> difference of behavior lu which tbe rounded points of toe axle ran. ThU tbe other motion of the sits In tbe some coue la one of 

lots been a mystery to many mi uudlcnce, nnd probably nrrnngement la defective. If tho gyrostat has to be sob- moefa greater pceceational angular spaed ... the 
Will ronHiiuc a popular exin-rluieut, iHI, as Prof. Gray Jetted to rough usage. In tbe Improved form ball- popular expositions wlricb I have aeon of gyiwtatic 
hints, liens lay eggs oblate In shape. 'Jlie unboiled egg, Iswrlngs are employed, designed to resist considerable steady motion as a role Ignore this second pcsafble mo¬ 
ot toe usual prolate form, will make no effort to rise shocks and strreses without derangement. With t cere- tlon," Pro t Grey points oat tlwt tbe bald ruje fbr 
on its end and spin about its longer axis, and the ree- fully made Instrument, Prof. Gray states, tbe rerohi- reusing t rotating body to lire by hurrying tike preore- 
soa was iKilntcd oul by Collu Uucluurln two hundred tions will number 2R.OOO per minute, and the flywheel stoo 1* tree Only of tbe slower, mm cowaptcu en s pro- 
yrern ago. when be first demonstrated the law* that will he found rotating rapidly after a tapes of forty- wanton, for tht proceed oa of greater aagblar ffiWed. 
govern toe pusslhlllty of opinulng ellipsoids! maoere of fire mlnnte*. Oiling, too, give* little trooUn The too rererae rule hold* good. XWS qeaMoition tea not 
liquid. To Isird Kelvin tbe spinning egg waa a model process of spinning bos, likewise, undergone prat yet fond Its way,Into toe textbooks, and, therefore, 
of toe earth, suggeettng an Infinity of problems con- eltangrs. In Lord KeMn*i day, a long cord was laid no mention IS <n*db e t toe particular MSS of * borv 

nected with the gcnrela of onr planet, toe motion of oltaig tbe floor and an attendant ran away with toe ratal art* Where tot prerenttffill —ft 1 "- fete# M 

tides, the rigidity of toe crust, and toe pretention of free end si bard as ha could. An Improvement waa lnBultoeM only tor Os* Mdfen Ja Me8*»te AS ■ 
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ortpfei % tt (batU lM wMfhm (WUtti metis 
«t o( tW to abo*» tte palat at npirart, 

mnnmd o* th* U» of the uta, tbo two pracrarioual 
■odoao on la tho mmm dtowBoo; if the oeotar of 
paritybo Mom tbo- MBBOft In opposite direction*; 
tbo fcrier morion cttngra rigm In puring through an 
infintt* ralun, when tbe ante la horiaontal. 

Lort. Keltic delighted In more co»pncated forma of 
gytoritt, or In forma to whtab addttJoml mechanlam 
lent grea tar computations. A favorite contrivance was 
ana that demonstrated that an unstable arrangement 
can be atabUlaad by uptonlng. It consisted of a gyro¬ 
stat supported on a universal «lmbal Joint lu such a 
way aa to tom an Inverted pendulum with two free¬ 
doms of motion, and when tba wbsel la unapan mutable 
In both. Spinning, bowever, glvaa stability to both sys¬ 
tems, and Ulnatratw a deatonatrable truth—that In a 
gyroataOc system an ovac number of freedoms of mo¬ 
tion can ba stabilised by rotation of flywheels, bat not 
an odd number. Experimentally this proposition was 
Illustrated by an ingenious mechanism, which It was 
possible to arrange In anoh a way that them could be 
either one or two decrees of freedom. In the latter 
case, If both lateral and aalmuthal motion be nnstable, 
firing a very Insecure support for a gyrostat, they can 
both be made stable by spinning; but when there la 
only one freedom to stabilise. spinning apparently loam 

Another form which might seeia to Indicate that a 
gyrostats conceals an imp of mischief consists in mount¬ 
ing tbe Instrument on a hollow wooden square frame. 
Happening It by two trunnion* in s line with the cen¬ 
ter of tbe wheel, placed on suitable bearings, permit¬ 
ting tbe axle of the gyrostat to rent with Its axis ver¬ 
tical. If when tba wheel la spun the whole fra mo la 
carried round In aalmuth In the direction of spin. noth¬ 
ing happens; the gyrostat spina on placidly. Hat carry 
the flume round In the opposite direction, the gyrostat 
Immediately turns upaidc down on tbe trunnions and 
remains quiescent, as at first; but tbe spin by the In¬ 
version of tbe gyrostat has been brought Into the same 
direction ss tbe aalmnthal motion. Every time there Is 
s reversal of the sxlmuthal motion on the part of tbe 
experimenter, to every time the gyrostat Inverts Itself, 
behaving as If It possess e d a very derided will of lta 
own, only exhibiting this one-sided stability and Insta¬ 
bility when It Is affected by a preeerelon Impressed 
upoa It from without ‘The gyrostat had little nr no 
gravitational stability—the center of gravity was nearly 
on s level with the trunnions; hot even If It were 
gravitationally unstable, sufficiently rapid azimuthal 
motion would hasp It upright If that motion agreed 
with the spin, while the least motion the other way 
round would oauae It to capatae.” 

The appUcattoue of the gyrostat to physical Inquiries, 
generally by way of Illustration, are both numerous and 
Interesting. Lord Kelvin’s Ingenuity found abundant 
scope, and since the chronological order followed by 
1’rot Gray has not been preserved here, it will be con¬ 
venient to retorn to the suggested forms of “liquid gyro¬ 
stat," by which It was prupomsl to test, or to Illustrate, 
tbe possible deviation of tbe earth's Interior from strict 
rigidity. In Kelvin's "liquid gyrostat," a spheroidal 
globe filled with water was substituted for tln> flywheel, 
tho general mounting of the gymatate Mug little 
altered. If tbe spheroid Is oblate, with diameters In 
the ratio of 100:90, when It Is spun, so far ns regards 
procession, It behavee as If its contents were solid. Hat 
when the spheroid has about tbe same percentage of 
rrrletimma. since tbe fluid is not constrained to spin 
on lta tangsv axle of figure, tbe spin disappears, and 
tbe peculiar tea tares of gyrosUtto action are not pre¬ 
served. In consequence of the Instability of the mo¬ 
tion, the energy of rotation has been entirely trans¬ 
formed Into heat by turbulent motion of the water, into 
which tbe rotational motion breaks down. Permanent 
steady rotation of such a spheroid la Impossible. But, 
curiously enough, steady rotational Jpotion of a liquid 
round tbe txla of figure la possible In u prolate spheroid 
it It ba anffidenUy prolate; Tbe axial diameter, In fact, 
most sttber be shorter than tbe equatorial diameter, or 
■nee .than three timsa as long. This fact was pointed 
out by air George Qreanhlll, apparently deduced from 
tbe rtady of bankwire aa applied to tbe trajectory of a 


(7 rests tic dsvtes for furnishing an independent proof 
of tbe rotation of the earth. Foucault, aa la well 


known, pcapoeed two methods with this end. One cou¬ 
riered in observing tbe affect turning of tbe plane 
t* vftrattea of a-lMc vmMmm, mnpmded on as to be 
free as nearly aa po rat bH fire* any constraint due to 
tbq e tl g tfl bawi t of tbe pradetan wire to lta fixed sup- 
port... UM<X»er<m«t be* Dean' often described, and tt 
la weasawra that I# - be tba fuatMut angular speed, 
the qeMOMMf aim* tie vwtMl tt a*y plea in ta*- 



gyroeeope win maintain the direction of Its axis In¬ 
variable unless acted on by an extraneous force. He 
arranged a microscope to delect the apparent motion of 
a mark upon one of the gimbals, which shifted Its 
position ai the microscope was carried round by tbo 
earth's rotation. Lord Kelvin proposed to use the gyro¬ 
scopic principle to observe the component of rotation 
about tbe hortiontal, u com I, the couiimnlon component 
to that demonstrated by Foucault In tbo pendolum 
experiment. 

Lord Kelvin's method of lucnsurlng w sin < consists 
In supporting a gyrostat on knife-edges attached to Ibe 
projecting edge of the ease, so Ibnt the gyrostat with¬ 
out spin rests with tho nils horlxoulul For this pur¬ 
pose the Hue of knife-edge* Is laid through the center 
of the flywheel at right angles to the axis, and the 
plane of the knife-edges Is, therefore, the plane of sym¬ 
metry of the flywheel pcrpeudlcular to the axis. The 
knife-edges are a HI tie above tbe center of gravity of 
the Instrument, so that there Is a Utile gravitational 
stability. At points In a line at right angles lu the 
line of knife-edges mid lmsslng through It, two scale- 
pans are attached to the framework, mid by weights In 
these tbo axis of the gyrostat, wiLhout spin. Is adjusted 
In a hortiontal position, which Is marked. Tho gyro¬ 
stat Is then relnuvisl, spun rapidly, mid replaced. It is 
thou found that the weights In the Mule-pans have to 
be altered to bring tbe gyrostat back to Die market 
position. From the altoratiuu III the weights tbe augu- 
lur s;ieed ubout the vertieu! can be calculated. The 
formula Is very simple, but Lord Kelvin docs not seem 
to have given any arithmetical estimate of the forces to 
bo meaaurad in a practical experiment. I'rof. Gray 
supplies this Information fur u special case, where the 
mass of the flywheel Is Hiipjiosed to lie 400 grammes, 
Its radius of gyration 4 centimeters, and its speed of 
revolution 200 per second. If the points of attachment 
are 10 centimeters apart and the exjierlment is made 
In the latitude of London, u weight of 40.0 milligrammes 
would be required. In some of Iho larger siieflmena of 
gyrostat now lu use, and with the same sliced of revo¬ 
lution, It Is possible for the weight to lie us much us 
8 grammes, showing that the Idea is not Iniprnclleul, 
though we have no estimate or the prulmhlc error or 
observation. If the line of knife-edges he made to pass 
accurately through the center of gmvlty of the system 
of wheel and framework, nnd the sits of rotation bo 
placed so that the knife-edges are horixontnl. rest and 
west, tho gyrostat will be In stable equilibrium when 
tbo axis Is turned so that the direction of rotation 
agrees with tho rotation of the earth; for the condi¬ 
tions uf the experiment with tbo gyrostat ninnnted on 
Lrunntnnm quoted above, are nqioatod. In the present 
case tho hollow framework of the wooden tray ts the 
earth, tire position of the axis of rotation immllel to 
tlie earth's axis replnccs tile vcrtlcnl position, mid the 
earth'! turning, the azimuthal motion of the experi¬ 
menter. It Is not dlfttcult to show that the gyrostat 
could be made to Imitate exactly tho Isdmvior of a 
magnetic needle III the enrtb'a magnetic Hold, thus 
realizing Lord Kelvin's gyrostatlc nustel of Ibe dlpplng- 

Tlie analogous properties of the dipping-needle and 
gyrostat would imlumlly suggest Unit n frletlonless 
gyrostat might lie arranged us mi ncciinilc compans. 
Much nil HPISIratus laird Kelvin his-iiis to have coiitcm- 
plalid In IiIn ‘•flynisiIItic Mislel of a Mngnetle I'om 
1 »hk." lie proposed to hung n gyrustnl. with Its nxls 
of rotation burlioiilal, by n long. Hue wire attached to 
the framework it a point over the center of gravity of 
the system, and held at the upper end by a tnrslon-liend 
capable of being turned round the nxls of the wire. By 
means of this tondou-hesd any swinging of ilio gyro¬ 
stat In axlmnth round lh« wire was to be cheeked until, 
when the head was left untouched the gyrostat hung 
at root The realization In practice was not unattended 
with dlfllcnlty. Lord Kelvin suggested that. In conse¬ 
quence of the high virtual momemt of Inertia of the 
gyrostat, wlien vibrating about the vertical wins difficul¬ 
ties would arise, and he proposed n simplified maimer of 
realizing a gyrostatIc compass free only to move In a 
very approximate hortiontal plane, Apparently there ts 
no record of hla Improved plan, but the substitution of 
a “properly tftanoed floater" as an alternative to the 
wire arrangement has since been red 11 zed In the gyro¬ 
compasses of commerce. 

Another analogy of a striking kind Is manifested by 
mounting a gyrostat aa tbs bob of t pendulum, with Its 
axis of rotation directed along the bus pension rod. 
Without rotation, tho two freedoms of this system are 
stable, and If tbs bob be made to describe a circle about 
tbe vertical through tbe point of support the period of 
revolution Is tbs same for both directions of the cir¬ 
cular motion. When tbe gyrostat la site a, circular mo¬ 
tion may take ptaoe la either direction, but the periods 
■re qnlte different, tbit of tbo circular motion in tbe 
■une direction as (fee rotation being tbe greater. The 
WffiMMrton of tbo two rirenler motion* ante varying 


conditions gives rise to striking figures, traced by I 
bob, the lutereat of these being greatly Increased by I 
anulogy between the pendulum graph and the inotl 
of an electron in a magnetic field. The parallel 
eurred to Lord Kelvrlu, lint he decidedly rejected 1 
gyrostallc explanation on aecouut of tbe definite cc 
plex of spectral linos nlwaya observed in the Zocr 
pheiiomenn. The iieeullnr action of the magnetic I 


gyrostats, tin- i 
the dlnrilon o 
broadening or i 
plication, such i 
Tim employ m 



1 in n traversed a piece of heavy glass In a magnetic Held 
will. If It bu reflected and sent Iwck through tho me¬ 
dium, have tbe liirulng of live plane doubled by tho 
luiekwnrd puexugc, while I tuck ward inssage through 
quHrtz or a augur solution nunuls the turning produced 
by the forward (siHsuge. 

Ill this explniinlloii one turn to conlcmplnta the |»»wl- 
blllty of lieltcnl hollows of the order of 1/10,000 liiell tn 
ifinmeter with nil llielr axes lurneil tile same way, but 
III other connect Inim Kelvin Invoked tho aostalanee of 
nilnule niccImivlHiu to Illuminate many dllfievilt prob¬ 
lems, innung which stands onl prominently the sug¬ 
gested explanation of tln> nmmver In which two ctreu- 
tiirly |HiliirlMsl waves having Ivirnlngs lu oiqMsdte direc¬ 
tions give a turning to the plane of ivolariuvtlou of tbe 
wave of rectilineal vibration, which Is the result of 
tliclr KU|S‘r|sisttiiiu. In quite u different connecthm a 
s I in I In r i bought n pleura In the kinetic theory of elns- 
tlclty. In this latter case he coucidvevl the Idea that 
the rigidity of Imdles, llielr elasticity uinl slutpe, depend 
or motions or tin* i«rlM of tho hi sties lildih-u from our 
ordinary senses, ns Ibe flywheel of n gyrostat Is bidden 
from our sight und liiiieh by Hie east'. 

Tin* views of pliysblsts undergo change ns new fticta 
lire discovers! and new evnieiqitlons entertained, und 
Home mislllleiitbms lu tin* reasoning and conclusions 
may be necessary. How fur Lord Kelvin’s posltbsi Is 
lennIde time will decide. Hut, ns I'rof Gray reminds 
in. In eloquent words: “Kelvin had confidence lu hta 


Jove, tlic birth of the world, and tbe odd death jire- 
Imred for It by dlssliaitlon of energy, Ibe lumvettslng of 
Ilio energies of Nsture Tor the service of lusii. the gubl- 
iilie** nnd snfety of mariners, the genesis of wares uihI 
their breaking Into spray and spindrift: nil these ques¬ 
tions, nnd ninny nriiein, engaged his thoughts, to tho 
lasting benefit of linmnntty null the Increase ai knowl¬ 
edge. Throughout all he was keen and calm and dls- 
luiHHlonrtc, a truly nimggrawdvc and debonair natural 
philosopher. 

‘The function of neb-nee Is to coalite inivii to peue- 
trnle the secrets of Nulnre. and to niqily tluit knowledge 
to the promotion of live welfare nnd happiness of all 
living beings. No one would have repudiated with more 
scorn than Lord Ketvlu that emanation of the pit, the 
modern doctrine that culture, aclentlAr, philosophical, 
or nrtlslle, entitles a self-appraised ami sclfchosen 
nation to wade through sens of hlissl to the domination 
of the world:"-- Unfinerriag, 


Beetrk C«n In Belgtam 

Many of the railway lines between France and Kel- 
ginia Intersect the trenches, and regular trains cannot 
lie nin tn those localities; hut thn Germans have util¬ 
ised these linos by bringing In oars operated by storage 
lmtteries and operating them singly to remove the 
wounded from tbe battle front, and to bring back 
supplies. 
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On Color ScuHteed PUtcs 

It used lit be customary to draw throe curve* above 
a diagrammatic spectrum, heat, luminosity, and actinism 
curve*, the last representing the power of light to pro¬ 
duce nr facilitate chemical change independently of 
the temiwrature ohango. This custom survives to a 
curtain extent, though only ono of tlm curves, namely, 
the heat curve, is definite. The luminosity curve de¬ 
pends upon Uni human eye, and eyes vary, sometimes 
even in Iho same individual, with regard to their sen¬ 
sitiveness to light and color. Htill, it is possible to 
draw prartiiially useful luminosity curves in a general 
souse, and by taking an averago human eye, In perhaps 
almost an absolute sense. 

But the "actinism" curve is essentially different for 
here we may be concerned, net with a single organ and 
Its possible variations or degrees of perfection, but with 
every substanoe that exist* on the faee of the earth 
or that can 1m prepared by artificial means. And if 
we limit our considerations to the very few substances 
that are practically utilized in photography, we find 
that "actinism” extends from well Into the infra-red 
down to the KBntgen rays, which are far below what ti 
generally known as the ultra-violet. “Actinism" ex¬ 
tends over a range of 11 or 12 octaves for practical 
photographic purposes, whde luminosity extends over 
scarnoly one octave, and for practical purposes oven 
less than this, and yet some people speak of the photo¬ 
graphic plate as color-blind I 

The wholo of till* 11 or 12 octavia has rot yet been 
dealt with photograpkioally, because in the extreme 
ultra-violet (the "Hohumann region”) at wavo-lougths 
a little less than 200 pu. the absorbing power of air and 
gelatine prevents the passage of radiations through them. 
But this appears to be due to absorption bands, as radia¬ 
tions of still shorter wave-length (Rflntgon rays) pare 
freely through these media. By getting rid as far a* 
possible of air and gelatine, the photography of the 
ordinary spectrum lias been extended down to wave¬ 
length 100 m*. or even less. There are other difficulties 
than the air and gelatine to ountend with in investiga¬ 
tions of this region, but with these we are not immedi¬ 
ately oonoemed. 

Although it Is ueesssary sometimes to bear in mind 
the enormous range of senativoncss of photographic) 
materials, even from a purely practical point of view, 
if we exoluda the ROntgen region, and regard only those 
oliqunistnftoos that concern the photography of objects, 
whether terrestrial or ooiestial, and whether by daylight 
or artificial light, we have to oonsidor only about two 
octaves of radiation*, or rather morn if the far infra-red 
la taken into account. This range may be still further 
curtailed when daylight or glass apparatus is used, on 
aooount of the absorptive power of glass and the atmos¬ 
phere, and what remains may often be *ufflcientiy de¬ 
scribed by Indicating five regions, namely, ultra-violet, 
blue, green, red, and infra-red. The ‘ blue" will in¬ 
clude the indigo and violet and tha “rad" will in- 
olnde the orange, and tho yellow i* negligible as in a 
good apeotrum it is represented by little mure than the 
sodium D line*. 

In order to photograph oolorod objoots so that their 
lumlnosftlea shall be oorrootly represented in the print, 
we want to get the curve tlvat represents the notion of 
the spectrum on the plate to coincide with the luminosity 
curve of the spectrum, and then we want a printing 
method that will preserve tliese tone value*. The 
alternative of getting equal and opposite errors in the 
negative and tho print so that the one shall correct the 
other, may have a degree of possibility about it. The fact 
to be emphasised is that the getting of a correct negative 
is not the whole business. Indeed, the getting of the 
two curves to correspond is not the whole business so far 
aa the negative is concerned, for they may correspond 
at one exposure of tho plate to the spectrum and not at 
another, because tha steepness of the gradation of the 
deposit* produoed cm the plate by equivalent range* of 
exposure* to the various parts of the apeotrum la not the 
same. These difficulties are mentioned to show that, 
from a praotioal point of view, “orthoohromatio" or 
"laochromatio" photography, or whatever it may be 
called, cannot yet even be regarded aa an absolute mat¬ 
ter; b*0 where the discrepancy in the uae of "ordinary" 
plat^Ji of the order of a thousand to one, there Is plenty 
of room and need for improvement, before getting, as 
it were, within right of perfection. 

Whoa tile spectrum is photographed on an ordinary 
plate, the green and red, which are bright to the eye, 
produce little or no effect; they might aa well be black, 
while the blue and ultra-violet, which am dark and blank 
to the eye respectively, produce a oonride ra ble (fleet, 
as if they wore bright. Hlmllar results are obtained 
with ordinary objects; slate roofs, being bluish, eons 
much trie light; brioks, bring red or reddish, com* mneh 
US dark; grass and green foliage too dark, and (0 on. 
The plate is sensitive to all these colon, bpt It Is iwj 
much too senritive to blue, or not sensitive enough to 
green and red. By eauring the light that falls upon 


the plate to pea through a color filter that wfll reduce 
the brightness of the bln* tight to about 1/1000 part 
of its intensity, and Increasing the exposure proportion¬ 
ately, the green and red will be given aa opportunity 
to act, and tin result will be mneh improved. To in¬ 
crease exposures to one thousand time* the uwal length 
may sometimes be possible (say two minute* instead 
of the tenth of a second), but the undesirability of such 
on increase need not be pointed out. 

Dr. H. W. Vogel, In 1873, discovered that by the ap¬ 
plication of certain ooloring matters, it was posriblc 
greatly to increase tbs ssndUveneas of plate* to green 
and to red light About 10 yean later the application 
of this principle began to be made a commercial matter, 
and Messrs. Edwards A Co. secured the patent right* 
la this ooantry. These isochromatic or orthoohromatio 
plates ware a great stop in advance. 

There sm two or three matters In oonnection with 
the use of such means as these to get variously colored 
object* represented seeording to their luminosities that 
may be pointed out os well from this example as from 
any other, bearing in mind that they represent general 
principles. Such plates as three ("ortho-" or "l*o- 
ehromatle") are often, If not generally, stated to he sen¬ 
sitive to yellow. This Is misleading. Hpectnira yel¬ 
low, as already stated, Is negligible In these matters. 
All objeots that are yellow are yellow beoause they 
absorb blue, and send red and green light to the eye. 
Yellow light is a mixture of red and green. Theee plates 
havo their sensitiveness increased to green and not to 
red. If, therefore, we so arrange our color filter as to 
get full eorreotkm for yellow, that Is, that yellow and blue 
shall lie correctly represented aooording to thrir lumin¬ 
osities, we throw the oorreotion that ought to be home 
by the green and red jointly entirely on to the green, 
and this color Is therefore ovtr-oorreetod. Green* will 
therefore be represented too light. On the other hand, 
the Increased sensitiveness doe* not extend over the 
whole of the green; it is chiefly In the yellowish-green, 
and the curve of sensitiveness shows an important de¬ 
pression in the region that may be roughly Indicated 
as being between E and F. Pure yellowish-greens 
tend, therefore, to be over-corrected on this aooount 
aim, but what is perhaps of more importance is that a 
green that oomes In this depression of sensitiveness will 
be under-corrected and come out too dark. This is 
not a mere theoretical difficulty, for M. Collier, who Is a 
most careful investigator, finds that the green of pin* 
tree* largely corresponds to this deficient Sensitiveness, 
while that of grass corresponds rather to the spodall.v 
sensitised yellowish-green. Therefore those two green* 
ore represented os more different in brightness than they 
really are. 

Those fonts illustrate the difficulties that result from 
the foot that specially sensitised plate* have not an 
evenly graded sensitiveness. There is the maximum 
for the plate, and a now maximum for the new compound 
Introduced. Sueh irregularity might be compensated 
by a oomplax color filter, but of course only approxi¬ 
mately and with muoh trouble and oonriderable Increase 
of the necessary oxposure. 

Tha "ortho-" or "iso-chromatic" plates of oom- 
meroe are generally of the type just dismissed, and ore 
sensitised by erythroeln or a similar substance. In a 
second article we shall refer to ‘‘panchromatic" plates 
and other matters.—Cnamai» Joins in Nature. 

Business of the C*n*J 

Accoodino to the Canal Retard the business done by 
the Panama Canal for the first six months of its opera¬ 
tion, that it from August lfith, 1014, to February 16th, 
1916, has been entirely satirfaotory. Poor hundred 
and ninety-six vessels, other than oanal vessel* and 
launches, etc., which are not oounted, passed through 
th* oanal during the period. They carried a total of 
2,367/244 tons of oargo. 

Sightly over 41 per cent of the cargo handled has been 
In moment be t we en ports of th* Unitsd States In 
what is classified as United State* ooaatwfce trade. Over 
21 per cent of all the oargo has been in movement be¬ 
tween Uw Pnriflo coast of North Amsrioa, principally 
th* United States, and Burope; and approximately on 
equal proportion (21 per cent) he* been moving on the 
ronte between the west ooast of Booth America and 
th* seaports on the Atlantic seaboard of th* United 
State* and Burope. Traffic between the Atlantia sea¬ 
board end th* Far Bast bos amoun te d to onr 12 per 
oont of the whole. All together, the foregoing rentes 
have been used tor the transit of all but approximately 
2H per cent of ell oargo sent through tha canal. 

The rix principal commodities shipped through th* 
oanal have been, in order of thrir tonnage: Groin, ni¬ 
trates, coal, refined p s te s t s mu prod e ete, hunbsr, and 
cotton. These fix ooraodittMtogeth* fern amounted 
to approximately usi s thir d cf all goods stepped through. 

Th* toils levied daring tho six men tbs’ period awatefi 
to 0,1263321)0. Adding to this On fiUjfifiMfi #f 
toils coOectod on berga prior to lag* W*. H* 
levy to Fsbresry lfith, 1916, is «U8M42flfi. 
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Back Numbers of the SdesMIc Anurku 
SnppieaeBt 

Wx bog to advise oar readers that we have discon¬ 
tinued setting numbers of the Sotumno Amwus 
HumxucitT dated earlier than January 1, 1914. We re¬ 
moved the first week In April to the Woolworth Bnlldlng; 
New York city, and the change In our office* precluded 
tha carrying of issues of th* BumsMkRT extending over 
a period or nearly forty years. It wen, therefore, neces¬ 
sary to turn over this portion of the business to soma- 
one who has space for carrying so Urge n stock. Th* 


Vbtte Plains, N. Y., have been ct 


onr back number tnudnsss. They have the complete 
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The Sakurajirna Eruptions and Earthquakes' 

Abstract of a Memoir by Prof. E. Omori 


Hakuruiha (Cherry Island), situated In Kagix 
nIiImh Itiy, anil famulis for Its eruptions In 177B and 
III several earlier years, was the seat of mi outliural 
In .luuuury, 101-1, which may l>e counted, In iwlut of 
I lie iiiiienltiulc of dlHturbance, us one of the greatest 
vulcii ii le catastrophes of modern times, Mstiy scleu- 

Illle .. Japanese ami foreign, liiistiuied to the scene 

of the milbmik; uuiuiig llieui the writer of the pres¬ 
ent uusnolr, who, sent ns a member of the Im|x-rlal 
Kartlupiake liiviwllgutlon Committee, remained In the 
stricken district from the ltllh to the 20tli of Janu¬ 
ary, and made a second visit hi April. The follow¬ 
ing intraitruphs itlve u short prelhiiluary accouut, from 
tlie si'IsmoloKlenl |nlut of view, of the HakuruJItua 
eruption, the occurrence of which Indicated (he exlst- 
cnce of a clear seguence uuioug the various recent 
inanircstatluiM of volcanic activity lu Jaiam. 

Topography.- -Hie Island Is irregularly nlll|dlcal, 
Urn area test diameter ill any direction Is-lug 11.4 kilo¬ 
meters. Near the center of the Island there are two 
li'ali jleaks, the Mlnaiuldake ("snulli cmler") uml tho 
Kltudake ("north crater"), resjss-llvely l.otw.u mid 
1,13321 meters III height. Together with a slluhtly 
depressed Intermediate purUon tlwy form a ridge 1.8 
kllometen In length running nearly lu a north-south 
direction. Thus from the east or went the iBluud looks 
like a truncated triangle and presents n beautiful 
Fuji type of outline with a flat top, while from the 
north or south It appears In the form of a isiintcd 
cone. There ire several minor enitcm, lava pnsnou- 
tnrlea, and, In the adjacent luiy, volcanic Isles formed 
In connection with past eruptions. There are hut 
springs at several polntfl on the souUieast coast, uud 
u mineral spring In the shallow sea water close to 
I lie lieuch of Haldo on the northwest eoasL Hie iHlanil 
had a iiopulatloa of 23,738, distributed lu twenty 
hamlets. 

titia Depth and lfoKMtaia Wire.—Sukurajliua Is a small 
volcano rising out of a shallow sea, the total volume 
of the island above the wnter level being 2(1.0 cubic 
kilometers, which will not be uiucli augmented by add¬ 
ing the portion below the aea. Its magnitude Is nbout 
ispial to that of Ususun, but only alsiut one eleventh 
that of Asamaysma (I. o., the part of the latter above 
the plateau on which It stands), and about one fortieth 
that of Fujiyama. Its small slxo coupled with greul 
activity probably means that the luva reservoir Is at 
the slight dc|Sh of only a few kilometers, aud tlmt the 
frame of the mountain Is comparatively weak for re¬ 
sisting an Internal explosive condition; hence Lite uu- 
inlslukable premonitory signs In the form of numerous 
vartlviuakea for several hours preceding the recent 
erupt Ion, as well an that of 1778. Again, the eruptions 
were Intense and of long duration, throwing out a great 
quantity of fluid lava, pumice and ashes, Imt the Imll 
vldual explosion* were nut quite so iiowerful as those 
of Asamaysma. 

Nimultamimt or Hwreulre Activity of Ikr Different 
Volcnmtes.—Tlie fonr mnln Japanese Islumls, which 
form u simple are with steep detsvut on the convex 
side Into the deep Imslu of the Pacltle. may be regarded 
as it vulcanic chain or earthquake xonc which Is still 
undergoing stress accumulation. When the later reaches 
Its limit, telluric disturbances may occur one after tlie 
other In various parts of the country In the form of 
great earthquakes or volcanic outbursts, os tlie case 
may be. The epoch of most violent eruptlous In tlie 
history of Japan waa an Interval of fourteen aud one 
half years between 1777 and 17112. There wus flint an 
eruption or Oshlma, lasting, with intermissions, from 
August 22nd, 1777, to Decemlmr 18th. 1778, with an 
onormons outpour of lava; then occurred the great 
eruption of Bakurmjlma on November Stli, 1771), with 
remarkable lava outflows and the formation of new 
Islands; thru Aogashluia. one of the Isu lslunds. was hi 
eruption from July 28th, 1781), to April 18th, 17NY 
Menuwhlb-. on May Oth, 1783, Asamayama broke out In 
strong eruptions, which terminated In a terrible down- 
ragh of "lolcanle avalanclies" on August 5th. Finally, 
the eruption of Unsendoke, la Kyushu, began Febru¬ 
ary 12th. and terminated May 1st, 1702, lu a treuien 
dims catastrophe, when the whole Southern slope of 
Mneyuma was precipitated Into the sea, causing great 
waves (fssnaml) which cost 15,000 Uvea. 

It will lie noted that of the five volcanoes mentioned, 
two an- in Kyushu, while the other three belong to the 
Fuji volcanic chain. In aplte of the wide distance 
between the two groups the different volcanoes were 
thrown Into grest activity one after the 'other, and this 

• From tbs SslMta of tbs Imperial Esribqnilu leveitlgm- 
tlos Committee. Tokyo. 


iviih also true of the moat recant series of eruption*. 

ftocent Activity osd the Saleurafima RntplUm *.—An 
examination of the time dlatrtbntlon of the outbreaks 


of Asamayama indicates a recurrence of the epoch* of 
greatest eruptive frequency with a mean Interval of 
about <Bi4 yearn. Bence, twice this interval, via., 127, 
or, say, 130 years, may also be regarded as a passible 
period in the frequency of eruptions, and It Is note¬ 
worthy that Asamaysma, Oshlma, and Bakurujlmo, 
which had had no great outbreaks since the epoch of 
the eighteenth century Just mentioned, have again ex¬ 
hibited, after a lapse of ISO years, a period uf extra¬ 
ordinary activity. 

In December, 1007, a jierhsl of eruption In the Fuji 
chain began with outbreaks of Vskednke, which were 
followed by a series of violent earthquakes and erup- 
tlous from Asamayama, beginning In 1808. In 1812 
magnificent Isva outbursts occurred from Oshlma In 
Marcb-Aprll, ami agalu In Heptembcr-October. The ex- 




uf Yakedake reached Ihelr climax In tho sum¬ 


mer of 1U11, and ceased In the summer of 1DI2; tlie 


a given volcano, wbother occurring from tho central 
crater or from new side rents, or* at least locallied to 
the mountain Itself. Bonce It may bo that the groat 
eruptions from a given volcano at widely dUtoront 
epochs resemble one another more or lam, both In the 
eruptive phenomena and in the precursory events. Thus 
tho sequence of phenomena In and preceding the Rakura- 
JLma eruption of 177B wa* almost exactly duplicated by 
tlie events of the recant eruption, which will now be 
sketched briefly. 

The accompanying diagram (Fig. 8) show* the hearty 
frequency of the earthquake* registered at the Kago¬ 
shima observatory, 10 kllometen distant from the cen¬ 
ter of Haknrajlma, with an ordinary Gray-MlIna-Bwlng 
seismograph. The shocks were much more frequent, 
and were felt some hours earlier, on the Island Itself. 

The hot springs, ordinary springs, and wells of the 
Island were mnch disturbed on the 12th. White smoke 
was soon at certain places over the mountain as early 
us the afternoun of the 11th, and at 8 A. M. of the 12tb 
a coliumi uf white smoke was suddenly shot up lu the 



Hourly frequeory variation of Ike earthquakes whlck preceded the Sakurajirna 
eruption of January 11th, 1814. 


eruptlous uf Oshlma erased lu the spring of 1813, uud 
Asanisyuma apparently upprouobed the filial stage of 
Its recent activity about the same time. The recent 
eruptive energy of the hXU chain thus drawing to a 
dose, the Kyushu volcanoes were expected, in view aT 
their past history, to have their turn of activity. From 
May 18th, 1813. frequent small earthquakes began to 
be felt In the region at the northern and western basra 
of Klrlsblmayama, which had been quite for 10 year*. 
This sudden appearance of seismic disturbance* was at 
duo* Interpreted as foreboding eruption* In Kyushu, 
and as early &s Juno, 1813, the present writer argsd 
the governor of the Kagnshlma-ken to set up a sensi¬ 
tive seismograph at the Kagoshima meteorological ob¬ 
servatory. Meanwhile the seismic disturbances extend¬ 
ed to the peninsular part of Batsuma, aud at the end 
of June a strong earthquake occurred some 16 kilo¬ 
meters west-northwest of the city of Kagoabtm*. On 
November 8th. KlrUhhnayam* broke Into strong erup¬ 
tion; another violent ontburat occurred December 8th; 
and a third January 8th, 1814. On the morning of the 
12th the author received a telegram stating that 887 
earthquake shocks had occurred In the city of Kago¬ 
shima between 8A.M.ofthellthand6A.M.ofthe 
12th. The author waa about to telegraph lnstroctkns 
to Kagoshima urging that a cartful watch be kept of 
Bakarajlm*, which could be tbs only oauro of these uo- 

rlved announcing that the volemao h *d brokan into 

Premonitory mem .—Mike burg* deatrwttre *arth- 
quakes, which originate along seismic onw, but an not 
repeated tram one and tba same oester, the er up tion * o t 


form of a pine tree from the south crater. In view of 
these unmlstakahle warnings, a general exodu* of the 
Inhabitants uf the Island began on the 11th. Tbo pre¬ 
fect urs 1 autborttbw took prompt measures to aid «w»ir 
escape, and the result was that the entire papulation at 
more than 28,000 was brought safely oat of danger, 
with the exception of two clerks of the village office of 
Higashi Sakurajirna, who heroically remained until the 
eruptions had begun and were drowned In attempting 
to swim to the mainland. 1 

Bntptiotu.—Tbo. first outburst took place frees the 
wort side of Sakurajirna about 10 A. M. of the 12th 
from a point about 600 meter* above sea-level, followed 
about 10 minutes later by an outburst on the south¬ 
east side. Red fire was seen from Kagoshima at the 
base of the amok* column B minutes after tbo erapticu 
began; Urs Mocks ware seen to be thrown cot abund¬ 
antly from 11:90 A. M.; and explosive jletouations be 
gan V> be heard at 8:80 P. M. Tbe dome Na<* smoke, 
which, tbe weather being calm, was finally projected 
to a height of 20,000 feet above eea-Ievol, waa traversed 
by Ughtnlng hi various direction*. Paolo reigned | Q 
the neighboring ffity of KagnoWma, where wUd reports 
wen spread os to the potaonoue effects of tbe vcleauto 
gaaee, and approhertoea were also felt of Umoml 
(tidal waves); 'Sense the majority of the 
fled to the ootatry., n# exptodve stage «f the wtrono 
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1 i U. The detonation at tide tUn hi ao 
W4 tbe pteteetonl <*e*n to Ka gnsh l a * had to 
stuff tbs* hi vrith oottoo. <stm eruption on Oh 
tint 44* «C OH Wand virtually anted January Stth, 
but than «a tfaa nut fear* ktf* up their energy and arc 
atUJ (Annat, 1014) mating occasional strong ootimrata. 

About aaraa principal eratartets von formed os tbs 
INK and eight on tbe east side of tbe Wand: none 
higher than K» meters. The lira which Sowed from 
tbetv niofmr little fluidity, ao that it la generally 
ttrnhon np Into loose angular blocks. The main lava 
stream on the west (Ida flowed down daring the first 
two day* at the rate of 45 meters an boar. On tbe 
east aide the laea had, by the 29th, completely blocked 
op the vtralt separating the tatand from the mainland, 
thus oodTtrtloc SiknnJlsi into a Ptmlna nlm, The 
eastern lava Hold ultimately attained an area of 1S.11 
square Ukanstars, of which T.BT square kilometers Is 
under water; the western Held has an area of 8J!3 
square tilemeteia. The thickness of tbe lava la from 
40 to 100 metars, and the total volume ejected le esti¬ 
mated at about 10 cable kilometers, or about cue seven¬ 
teenth the volume of tbe mountain. 

Tbe precipitation of pnmlce and ashes was very 
abundant In the eastern part of tbe Island, being deep¬ 
est near Kurokaml, where It amounted to 0 feet or more 
and burled the bouses nearly up to the roofs. Ashes, 
carried by the westerly winds, fell In tbe Boalu Islands 
to the southeast and northeast over moat of Jiqian west 
of Mtto and UUuuotnlya, the extreme eastward radial 
distance being over 1,200 kilometers. The total volume 
of ashes end pumice Is estimated at 0.02 cubic kilo¬ 
meter. This amount added to tbe above estimated out¬ 


put of lavs, gives ■ total equal to oae twelfth the voL 

hm o/ the wow*loin. 

Strong Earthquakes and Small Tsunami —Tbe strong 
earthquake which occurred at 6:3(1 P. U. on the 12th, 
and which cost 13 Uvea In Kagoshima, was recorded 
In Tokyo, and must have been of several tiroes greater 
magnitude than certain earthquakes attending recent 
eruptions of Asanuiymna aud llsuaan, wbklv bad been 
suiqxwed to reprveeul the limiting lutenalty and alic of 
a volcanic earthquake, It was probably, however, of 
very deep origin, and the result rather of the stress 
uccumulatlon along the whole volcanic chain in soutta- 
cru Kyushu than of the Hakiirajlua eruption alone. An 
hoar or more aflnr this shock a slight Inundation oc¬ 
curred along the harbor front of Kagtsdilma (at high 
tide). The direct cause of this tsunami was, however, 
probably a small, sudden settlement or deprotslon of 
the bottom of the liny. 

Tromometer Observations of Ike Eruptions. ■ A trom¬ 
ometer hi iqierutlon at Kagoshima beginning with the 
16th recorded the tremor* due to the successive erup¬ 
tions, and showed, among other things, that the ex¬ 
plosions with loud detonation produced very slight seis¬ 
mic effects as compared with nou-detunatlve eruptions. 
It Is likely that the latter are much more Important 
pkonomenn, aud consist In the powerful projection of 
ashes aud guses along pre-existing etutnnels of deep 
extension. 

Effect* on Water heuct; Depression of Coari.—Tho 
results of leveling by the Military Hurvey Department 
rompared with heights determined In 1832 Indicate that 
there lias been a depression of the coast amounting to 


about 02 meter at Kagoshima, and reaching 0.67 meter 
at a small promontory about 10 kilometers northward 
along the coast. The greater part of the depression 
thus found may possibly be the result or precursor of 
tbe recent eruptions. 

Arrangement of Cratcrlets.- The new cratorlets ex¬ 
tend In a xono running from west-northwest to east- 
son tl tea st; 1. c., at right angles to the axis of tbe vol- 
canlc chain of whloh Bukurajlma fonus a part Hence 
tiie new vents pertain to a system of secondary fracture 
limited to the Island Itself. Tbe formation of cratcrlets 
on two opposite Honks of the mountain, which also oc¬ 
curred In 1773 and 1476, Indicates that It Is easier for 
tbe eruptive energy of HakureJIma to llud vents near 
the base of the mountain than to push up the Internal 
lava to Its top. 

Artiiity Along the South Kyushu Vohvulr Chain.- 
As already stated, the strung explosion of Klrtobtwa- 
yama, on January 8th, 1914, was followed quickly by 
the great HakureJIma eruption of January 12th. Then 
IwoJIma, situated off the south coast of Batenina, was 
tbo seat of an eruption February 13th, accompanied by 
several earthquakes, one of these being of fairly lurge 
magnitude. Finally, Huwanosejtma, still further south¬ 
ward, had an eruption on March 21st. These four vol¬ 
canoes are In nearly a straight line. 

These eruptions liuve probably brought the volcanic 
activity lu this part of Kyushu to an end for the lime 
being, and tho site of volcanic outbursts appears lo tone 
again shifted to tho Fuji volcanic xoue, where Osldmu. 
after n quiescence of about u year uial a hulf, gave rise 
to very powerful lava eruptions tor about seveu days 
In May, 1914. 


Guuottne Locomotive* 

By A. H. Ehle 

Gasoline locomotives for surface work hare been III 
sueccanful use for some six years aud are mainly dis¬ 
tinctive because of combining certain well-established 
steam locomotive principles with s source of motive 
power that has bccoaio highly developed through the 
Introduction of automobiles. It Is apparent that lu a 
gnsatins locomotive the object sought Is to produce the 
maximum tractive effort or drawbar pull, tho lucouuitlvo 
Itself seldom being required to carry a load as lu the 
case of automobile trucks. Because of tlio different 
conditions under which a locomotive must operate there 
Is something more required than the mere incorporation 
of good automobile practice 

Uaaoltoe locomotives have been particularly success¬ 
ful to work around contracting operations, plantations, 
quarries, smelting plants—In fset for almost all indus¬ 
trial purposes where loads are to be hauled at mod¬ 
erate speeds end within the rengo of available motor 
tlowers that cun be placed within tho gage limitations 
Imposed. Obviously they are safe and unlike some 
other forms of locomotives independent of power sources 
external to themselves. However, notwithstanding their 
couveulence and serviceability their more general in¬ 
troduction depends upon the economic consideration of 
first cost and fnel-operattog expense compared to other 
available kinds of locomotives. 

At present the Baldwin Locomotive Works are mak¬ 
ing four slice of narrow-gage Industrial machines weigh¬ 
ing 9(4, 6, 7, and 9 tons, having drawbar pulls on high 
gear, on level track, of 750,900, 1,300 aud 1,700 pounds 
respectively. 

Tbe locomotives are provided with two-speod trans- 
mbadou giving general speed* of 4 aiat 8 or 5 and 10 
miles |ier hour to either direction. In addition to 
thus store there has lately been developed a consider¬ 
ably larger or 18-ton machine built for standard gage 
only and having a three-speed tranamlssloa providing 
speeds of 0,12, and 20 miles per hour In either direction. 

Its guaranteed drawpull on low gear Is 0JI00 pounds, 
on middle gear 8,000 pounds, and on high gear 1,700 
pounds. 

An 18-too machine, as above described, on tret ex¬ 
ceeded the specified drawbar pull or hauling capacity 
by about 00 per cent when operating an either gasoline 
or kerosene. It was designed for Industrial switching 
xervioe and to haul a total cl about 200 tons on level 
truck iround 28-degree curves, or the equivalent of 
lighter loads op various grades. The consumption of 
either guaaiine or kerosene was found to be In average 
service about 414 gallons per hour, hauling about 80 
tow total hack and forth over a truck haring level 
Krstehre and grades as high is 8 per cent This par¬ 
ticular fuel tret was coadhetod tor two hours, the loco¬ 
motive pausing only lotag chough to reverse Its direc¬ 
tion at the ends of the ruDo. Tbs loads were hauled on 
the low gear speed of 6 alias per boor. This locomo- 
tirtj hfls hasted a total of 294 tore up »t 1)4 per cent 
gndc and around SMagree curves at a speed of about 

tuctore are afl wttarswlto and of tto towyti* 


four-cylinder vertical type, especially designed to wlth- 
Htoml Hovere service. There Is nothing radical about 
them; they conform quite generally to the larger mo¬ 
tors iifosI III automobile construction. They are ulnuwt 
tuvnrtshly cqulptsa! with electric motor starters, after 
tin* ninuncr round In uulninoblle practice. The Ignition 
hi hy buttery and nulisnatlc spark advance magneto. 

The gears, shafts, clutches, and all other transmis¬ 
sion |»i rts tiro of very liberal proportions, since there 
Is not the necessity of keeping down weight as to the 
case of HiitomobUc design. Tim running parts are In¬ 
closed In Utl oU-ttgbt cast Iron housing which conatl- 
lutos a separate unit. In Ibis way lubrication 1 h easily 
provided for and tbo parts are permanently lield In 
rigid alignment. 

The main clutch Is of the mnltiple-dlsk type, the 
purpose of which la tlie same as to automobile work. 
The alternate hronxe and stool disks run In a hath of 
oil and the combined surface Is extremely large for the 
horse-power transmitted. Tho clutch can to* slipped 
nlrnuHl coulliuionsly without excessive heating or per- 
cepllhle wear. 

The mHhi frames are of the cast steel bur type and 
generally similar to those Used In steam locomotive 
practice. They are naturally strougcr than cast Iron 
frames of equal weight, and because of their design tlie 
motor and running gear are more accessible. 

The side- or driving-rods are of hammered nice) with 
solid ends. A wedge adjustment Is provided at tlie Jack¬ 
shaft ami it plain hronxe bushing Inserted by hydraulic 
pressure ut the other end. The solbl driving pin brasses 
lu the yokes arc free to move vertically without bring¬ 
ing any strain upon the rods. 

An efficient Interlocking hand- or foot-operated brake 
is pmvldeil with shoes on all the wheels. These shoes 
are of tho M. 0. B. tyi>e aud detachable from the lirake- 
Itenda, where desired air brakes also can bo applied. 

Tho radiator Is substantially constructed with un¬ 
usually large surface and water capacity. In appoar- 
auoo It Is very much the samp as those used on Urge 
automobile trucks. It la of such proportions ns to pre¬ 
vent overheating when developing fall power under 
the most severe hauling iwulltlono. Air circulation Is 
maintained hy a fan driven from the engine flywheel. 

What are the prospects of nxpaudhig this type of 
locomotive Into large ataes to take care of passenger 
and freight work now handled almost exclusively hy 
steam locomotives) They are promising, but even after 
successfully solving such problems as sufficient (lower, 
available spare, method of power transmission, etc.. It 
must be clearly demonstrated that from au economic 
standpoint Internal combustion locomotives can bold 
thnlr own with the well established steam and electric 
types. 

In the light of present experience end knowledge, 
however, It seem* more prohable that permanent results 
will be obtained by working to other directions. For In¬ 
stance, there are attractive possibilities In tbe use of 
a locomotive employing compressed air as the working 
medium. In such a machine the gas engine woahl be 
direct-connected to an air comp r ess or delivering air to 
a satiable reservoir, tbs air from this reservoir being 


utilised to cylinders aud with mcchunliim very similar to 
tin we of steam lni-omoUvra of tho present time. 

It tuay lie that for Internal combustion locomotives 
the prime mover Itself will be used for quite a different 
purpuric. Instead of endeavoring to produce the maxi¬ 
mum amount of rotative effort at Ibc engine cranksliaft. 
Ihe truiismlsNlun difficulty may lie obviated and the offi- 
cli'iuy ralseil by producing directly from tho fuel the 
minimum amount of exploded gas under pressure, which 
latter will then be conveyed to operating cylinders ns 
lu the case whore compressed air Is the working me¬ 
dium. Tho mechanism for producing this exploded 
charge may possibly follow present design »Itli res|ioot 
to the essential parte of tho machine, lint with such 
ports obviously Intended for different purposes, At llrat 
thought It might appear quite Impracticable to retain 
the beat and thus the energy an produced, but thus fur 
It lu not known what can be done by exploding u eluirge 
Into a container constructed for the sole purtsise of re¬ 
taining Its hent us long us pusalblc--n container such 
as a vacuum bottle, for example .—Englnernny l/npu¬ 
rine. 


Effect of Moisture In the Earth on Temperature 
of Underground Cables 

In a impcr on the alsive subject preM-iilisI hy I,. K 
Iinlsy at the Midwinter Convention of the Vincrlcuii 
liistilnte of Electrlcnl Kiiglmvrs, aud publlshisl lu ihe 
/- rtHccdiHii* of the Society, the aiitimr di'scrlluw u per 
rnnueut Inslallntluu which wits made for supplying 
mobduro to the ourtli In tlie la-lghlHirluss) of under¬ 
ground cables with tlie object of reducing lhelr tem¬ 
perature. The approximate tcmts-ruliire of the cables 
Is found by taking with ii reslslance lliernioineler the 
temperature of a dud Hdjaccnt lu the cable which Is 
ihe source of lieut. In uncovering the combi Its uud el- 
laming them to air, us a remedy for hot Hinds In Ihe 
cable, It was found that the adjacent earth nun liol snd 
dry so Hint It crumbled lu powder. This suggested 
opening u ditch lit the ground above the conduit and 
dlrm-ting a stream of water through It This was found 
to lower the temperature Immediately several degrees. 
Where un open condull was uot practical, water was 
discharged Into a vacant duct by meuua of a hose, and 
tills was found to be more effective than I be o|ioii dllcli 
method. 

These ex)ierlmentM 1»1 to the Installation of u line of 
porous tile duct In Ihe Mirth above the condull. sur¬ 
rounded with clean Mini. The leakage of wider Ihronch 
Ihe isprcs of this duct has Is-en found very effective In 
nsludug the lemperalure of tho cables. Whenever Ihe 
temperature of the cables Is found hy exploring with n 
resistance thermometer lo approach tlie danger isilnt, 
water to turned Into the porous drain tile, und the lem- 
iwrature to taken on socccaHlve days to see whether (he 
desired reduction has been obtained. In (his way one 
or two men. with resistance thermometers iitiuched lo 
long leads, can keep track of and control the icmpera- 
tnre of tbe cables to a large system. No bnwkdowns of 
Insulation of cables have occurred due tn high leuipera- 
tur* since tbe adoption of this method. 




«** 


SCIENTIFIC AMERICAN SUPPLEMENT No 2050 


April >7, IBIS 



Testing the Sensibility of Plants 

The Remarkable Investigations of Prof. Jugadis Chunder Bose 


Ntrikk iiii iinlnmI nml It wluren. Htrike a plant and 
ll rcumliiH n pi in mil ly miwiaiiinliH Vat In the folk 
lore of n liiiiml every mil Ion I mill animal and plant life 
are imetlenlly uulllud, mill llm one credited with neiixa- 
IIiiiih uklii lo thoee of the other. F.von llioae sclent tits 
Who deal with (he psychology of lower animal forma 
liave fell (hut there wan uo reamiu to uuntune that re- 
H|Hiiiae lo eileriuil eieltatlun should anddenly eeaae 
with the very low animal form and lie denied almoat 
tone!tier to plant life. Thcae vague suspicious have at 
laat been trniiHformcd Into imeltlve knowledge, thanka 
to the very remarkable at mile* which Prof. Jagadla 
Cbonder Boee of Presidency College, Calnjtta, ha a con- 
dueled fur a period of tunny yean and which hare 
o|iencd up an entirely new field In plant physiology. 

Prut Boee upprouched hi* task aa a physicist, aa 
might bn expected of one who bad dbdlngnlahed hlm- 
aelf for reaearchea on electric wavea which have become 
classic. Front a man who baa succeeded In producing 
an apparetUH tor producing the shortest wavea, thus 
bringing oar limtraniental knowledge of radiation 
within thirteen octaves of vlalble light, who has deter¬ 
mined the Index of the refraction of varlona opaque 
substances, who baa shown how total reflection falls 
when the ihlcknnpi of the air apace between two enb- 
Ntuncea la ahurler Iban a certain critical value, depend¬ 
ing on the Index of retraction and the wave-length, 
who line demouatraled the possibility of polarising elec¬ 
tric rnya by various crystals, who has constructed two 
kinds of artificial molecules, which like dextrose and 
lo\iilose, rotate the plane of polarisation of electric 
wuvoh to I lie right or lo Ibe left, who has demonstrated 
how snhstanees which are strained In concentric cir¬ 
cles, such as wood with concentric rings, project Into 
space a dark electromagnetic cross, analogous to the 
dHrk cross exhibited by cryatala, Uka sallclne—from 
such an Investigator one naturally expects extraor¬ 
dinary results Bcallxlug that the Instrumental study 
of plant physiology has been hampered chiefly by the 
crudity of I he apparatus employed, Prof. Bose Invented 
a number of original types of recorders and origins ted 
startlingly new methods of Investigation, with the re¬ 
sult that be was able to demonstrate that all plants era 
sensitive and that they respond to stimuli as well as 
Ibe higher animals. To those who wish a detailed ao- 
rnunt of these remarkable studies, we would recommend 
the reading of Prof. Bose's "Researches on the Irrita¬ 
bility of riant*." 1 Upon this work the statements made 
in the following paragraphs are based. 

Because of Its very conspicuous motility, Mimosa has 
been made the object of much study on the pert of plant 
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physiologists, notably Ilaberlaiult and l’feffer. Prof. 
Hose also began with Mimosa. It la ibe one plant 
which. In iMipular acceptance, Is conspicuously "sensi¬ 
tive.” it ought to be no very difficult matter, apparently, 
to construct an apparatus which would record the 
movements of that maw of tissue In Mimosa which Is 
known as the PnlvIniM. We might construct an appa¬ 
ratus as shown In Mg. 1, consisting of au axis, sup¬ 
ported on frictloulcss Jeweled bearings and carrying 
two nrms of a horizontal lever and a thin vertical wire 
with a bent tip lo serve as h stylus or writer. A point 
of the petiole of the responding leaf could be attached 
by a silken thread lo one arm of the lover, the other 
having on It a small weight to act aa a counterpoise. 
When the leaf falla under excitation It ought to pull 
down with It the attached arm of the lever, and If the 
finely pointed bent end of the writer were to preas 
lightly agnlnat the amoked surface of a glaaa plate, 
allowed to fall at a uniform rate hy means of clock¬ 
work, n curve would be traced, which would not only 
record the re*|>onidvo movement and recovery, liut also 
give their time relations. The parts can be so propor¬ 
tioned that the degree of magnification or reduction of 
the movement of the leaf, as It appears In the record, 
reflld be very readily determined. However light the 
contact may be between the stylus and the glam puts 
lu the type of apparatus sketched In Fig, 1, and how¬ 
ever smooth the glass recording surface, the record will 
he Inaccurate because of the friction entailed. How can 
this be overcome, so that an absolutely accurate record, 
free from error, could be obtained? 

"It occurred to me at last," says Prof. Boee, "that the 
problem might find a solution If I could succeed In 
making in Intermittent Instead of a continuous writing 
contact I have solved this problem by devising two 
different types of apparatus, which I have called, re¬ 
spectively, the oscillating recorder and the resonant 
recorder. In the former, the recording surface ltaelf Is 
made by an electromagnetic device to vibrate to and 
fro, time bringing It Into periodic contact with the writ¬ 
ing point" 

The resonant recorder la shown In Its entirety in 
Fig. 2. A thread from a clock, not shown, pasaaa over 
the pulley P, letting down the amoked recording plate; 
by means of the eerww P, the distance of the writing 
point from the plate can be adjusted; the vertical ad¬ 
justment la effected by means of the screw 8. A tan¬ 
gent screw T renders It possible to adjust the plane of 
the recorder exactly parallel to the writing’surface; the 
axle of the writer te eapportod it the center of the cir¬ 
cular rad of the magnet; 7 la the vibrating recorder; 
end Q te the Moked glass (data, 


The reawm for thin peculiar construction will become 
np|M rent wheu we consider the nature of the tnrratlgn- 
tluiiM wlilch must be made. Time Intervals of one hun¬ 
dredth* of u second must be meOMurcd. Clearly a heavy 
plate carrier cannot be made to oaclllate with soch a 
high frequency. Hence, Prof. Hose resorted to the de¬ 
vice of making the writing point vibrate to and fro at 
the required frequency, ao aa to make the necemary 
Intermittent Contacts with the surface of the recording 
plate. A writing point made to vibrate to end fro at 
right angles to the plate will iu no way affiiet the record 
beyond that fact that. Instead of a continuous line, a 
dotted line will be traced. There Is uo friction molt¬ 
ing from continuous contact, and hence the reoord la 
accurate. The recording point must be given an Im¬ 
pulse exactly perpendicular to the direction of its record¬ 
ing movement In order that the eloctromagnet shell 
be without laterality, Prof. Bone makes the pole of the 
electromagnet tn the form of either ■ cylinder or a ring. 
The axis, from which la suspended the writing Index, la 
accurately supported perpendicular to the plane of the 
(ircnlar section of the magnetic pole and ita center. 
Thus, everything la made symmetrical, and as there la 
no laterality there oan be no tendency whatsoever for 
the index to execute Its to and fro vibrations In any 
other direction then that which la perpendicular to the 
plane of the terminal pole of the magnet. 

There Is still to be overcome the difficulty of the 
Irregular timing of these electrlral Impulses, which ire 
to maintain the recording Index or writer in a state of 
periodic vibration. Prof. Bone employ* a long steel reed 
which tn the course of Its regular vibration will period¬ 
ically interrupt the electromagnet* circuit of the vi¬ 
brator coIL The reed ltaelf la maintained In a state of 
pendetent vibration by the usual electromagnetic ar¬ 
rangement. This reed Interrupter be calls a “coercer"; 
the writing Index be refer* to a* the ‘‘vibrating re¬ 
corder” or the “vibrator." Obviously, If the natural 
frequency of vibration of the recording Index Is known 
and If by means of aome mechanism we ehn send 
periodic currents of exactly tbe (ante frequency through 
the electromagnet, then the Intermittent magnetic pulls 
will exactly synchronise with the natural ewtngs of the 
writing Index. Owing to this perfect tuning the index 
win now resonate, breaking out Into a persistent and 
regular vibration of considerable amplitude. Tbe va¬ 
rious frequencies meat suitable for ths recording Index 
■re found to be ten, twenty, fifty, one bundled, and two 
hundred vibrations per wooed. 

Tbe enormous advantage of Intermittent over con- 
tinuoai coatect Is shown tn the reoord reprodwred In 
Fig. 8. Than wy na nt two aneoMffiv* -p-*—» 
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the name leaf and Identical stimulation—an electrical 
shock. The lower record wan taken with coDtlnaone 
contact and the upper with the same recorder set In 
vibration ao as to give Intermittent contacts. The vibra¬ 
tion frequency was ten times per second. A comparison 
of the record shows how enormous la the error due to 
friction. Moreover, It Is obvious that the accurate 
dotted record la very easily Interpreted, because the 
record Itself contains Its own time marks, the auccewdve 
dots Indicating Intervals of one tenth of a second. 

With the aid of this apparatus Prof. Boee has very 
accurately measured the response made by Mlmoea and 
other plants under mechanical, chemical, thermal, and 
electrical excitation. 

The thermal mode of stimulation deserves some ex¬ 
planation. It le Illustrated in Pig. 11. A loop of the 
platinum wire Is made to clesp around the petiole, 
which la to be exottod, and la connected with an elec¬ 
trical circuit by means of line flexible silver wire. The 
circuit can ho completed by a metronome Interrupter, 
the current of the hattery flowing for a daflnlte length 
of time during, say, a single or definite number of beat* 
of the metronome. Successive uniform Httmnll can be 
thua applied. Another practical method of stimulation 
la that of condenser discharge shown In Fig. 18. The 
condenser conslats essentially of two conducting plates 
which may be two sheets of tlntoU. separated by a 
sheet of non-conducting material, such as mica or 
paraffined paper. The condenser la marked C and the 
key K. The Intra-electrodal mode of stimulation Is 
shown by diagram a, and the Indirect extra pled rodal 
mode of stimulation by the diagram ft. About two volts, 
charging an microfarad, lit. In general, found to be suf¬ 
ficient When the key JC la pressed down the condenser 
Is charged, the Instantaneous charging current passing 
In one direction. The upper arrow In this figure shows 
the direction of this charging current When the key 
Is released It springs hack and discharges the condenser. 
Tbs Instantaneous discharge current now flows Id a 
reverse direction. In Fig. 18 an arrangement tor ap¬ 
plying single make or break shock currants Is Illus¬ 
trated. K being the key In the primary circuit end the 
secondary circuit being capable of being short-circuited 
also by the second key. 

Studied with the aid of the resonant recorder, differ¬ 
ent plants exhibit different characteristics of response. 
In studying the excitatory reactions of the plant under 
external stimulus It la first necessary to determine what 
time elapeas between the Incidence of the shock and the 
Initiation of a perceptive responsive movement This 
constitutes the determination of what la known as the 
"latent period.” It la also desirable to ascertain at 
what rate this rmpooslva movement of the leaf takes 
place and after what time the contractu* phase of the 
movement Is exhausted. After a abort pause the plant 
gradually recovers tram the affect of the shock and the 
leaf la re e r ecte d to Its former position. Hence, we 
would with to know the various rates at which recovery 
gradually takes place. 

ntffermit plants exhibit different characteristics of 
response, pret Bose finds. The reactions are relatively 
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Mimosa, 111 summer the Intent period was oue tenth of 
a second. The maximum fall of the leaf wns attained 
In three second* snd tho recovery completed In fifteen 
minutes. After tho lapse of the latent period tho leaf 
begins to fall, at first with Increasing rapidity, which 
then again diminishes until it come* to a stop. The 
curve described attained a maximum amplitude, corre- 
xponding with the maximum fall of the leaf The 
liertod required up to this point, Prof. Bone calls the 
“apex time" The rate of recovery in Mimosa la very 
ropld at tho beginning anil very slow toward the end. 
The maximum rate of recovery was 0.08 millimeter per 
aecond, In contrast with the maximum rate of fell of 
24 millimeters per second. The movement of recovery 
In about three hundred times slower than the movement 
of excitatory fell. As the intensity of stimulus In- 
creoseN, the extent of responsive toll In Mimosa In¬ 
creases. Stronger stimulus snd higher temperature have 
also a marked off pet on the rate of movement; more¬ 
over. tho rate of movement la decreased onder fatigue. 
It Is curious that a stronger stimulus, generally speak¬ 
ing, require* a longer period for recovery. Under the 
physiologic* 1 depression Induced hy winter, the respon¬ 
sive reactions are modified, the latent period Is pro¬ 
longed and the amplitude reduced. 

if, InstpHd of giving the full period of rest necessary 
tor complete protoplasmic recovery, the period of rest 
Is shortened, ■ diminution In the height of response 
Indicative of fatigue Is noted In the record. This quite 
agrees with the exhibition of fatigue to bo seen In mus¬ 
cle morris In the same circumstances of diminished 
Interval of rest. If a sub-tonic specimen he teated for 
totlvue, aucoesslvo responses are found to undergo a 
gradual enhancement, or what Is known In muscle re- 
s|N)iise—with which It Is exactly parallel, as s stair¬ 
case lucrease shown In Figs. 7 and 7a. When deprived 
of the Invigorating Influence of favorable surroundings 
a pis ut becomes sub-tonic. 

Under the action of successive stimuli the tonic 
condition Is Improved The loss of tone, with Its con¬ 
sequent relaxation, will gradually give place to a better 
tone with lncresstog tonic contraction. Hence, the 
gradual bettering of tonic condition under successive 
stimulations may often find two almultanooua expres¬ 
sions. in the first place, the growing tone with Its 
Increasing normal tonic contraction will be seen In the 
shifting of the btae line upward. Secondly, It will be 
exhibited In the growing amplitude of successive re¬ 
sponses. Thus are to hs explained the very remarkable 
records shown In Figs. 7 snd 7a. 

in order to demonstrate the variation of excitability 
Induced by sudden dtadnutlon of light, Prof. Bose takes 
a sot of three normal responses In diffuse daylight Hie 
chamber In which the plant Is confined Is then suddenly 
darkened by means of an opaque aereen. It will be 
noticed In Fig. 8 that the next two responses are nearly 
abolished; the excitability of the plant was, however, 
beginning to be reeto r ed after forty-five minutes’ ex¬ 
posure to darkness. After in hour In darkness the 
excitability was fully restored, the response ben being 
even larger than to tight. 
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bility on rainy days. This effect be was afterwards 
nlile to trace to the absorption of water by the pulvluus. 
The variation of motile excitability by absorption nf 
water is very elearly exhibited In Fig. & A pair of 
normal uniform responses wore first taken. A drop of 
water waa then applied on the pulrinun, when the leaf 
was recovering from the second stimulus. The period 
of recovery was obviously very much protracted In con¬ 
sequence of absorption of water. The usual time for 
complete recovery la about fifteen minutes. In this case 
It was prolonged to forty-five minutes. The plant waa 
obviously gorged and Inaetlve as s consequence. 

The effect of various gases upon plants has been 
studied with the greatest care by Prof. Bose. Osone 
stimulates: carlsmlc arid gas, undiluted, depresses. The 
vapor of alcohol produces Intoxication, which Is quite 
apiHirent In the record, as shown In Fig. ,4. Moreover, 
the continued action of alcohol vapor Induces depression. 

That s plant may be killed as well as an animal 
every odd of ns knows. Hut when does It actually ex¬ 
pire? Plants that havH been dead for hours are to the 
eye ns fresh as If they were alive, (hie method by 
which the occurrence of death may be determined, Prof. 
Bose finds. Is tho abolition of that electric response 
which Is characteristic of the living condition. A plant, 
as lung aa it Is alive, gives In answer to a stimulus • 
gnlvanometric response. On the occurrence of death 
I his particular response disappears. He finds that the 
electric response Is abolished when the plant has been 
subjected for a time to a temperature ef about 80 deg. 
Cent. The plant Is placed In a water bath and tho tem- 
irratnre of the hath Is continuously raised hy the appli¬ 
cation of a gaa or spirit flame, very gradually of course. 
SO that there may Is- no sudden variation or sudden 
excitation. In Ftg. 15, the record was commenced nt 
25 deg. Cent., and the successive dots In tho record are 
at Intervals of 1 deg. Cent The down enrvo Indicates 
the expansive erection of the leaf. As soon as the tem¬ 
perature had reached 80 deg Cent there was an nhnqtt 
Inversion snd Ibe spasmodic contractions took plnce nt 
a very rapid rate. The successive dots In the upper 
imrtlon of the curve are at Intervals of 0.2 of a degree. 
The point of Inversion Indicates the death point, and 
Ihe curve giving the death record may be regarded as 
the death curve. All attempts to Htlmnlsto a plant and 
to receive s response fell after the death carve has once 
lieen recorded. It la obvious, therefore, that the plant Is 
really dead. At 00 deg. Cent the last response given 
hj plants Invariably seems to occur. In taking an elec¬ 
trical record, It Is found that an electric spasm also 
takes plsco st the critical temperature, which Is very 
near 80 deg. Cent The death point of ihe plant, more¬ 
over, la found to he lowered under physiological depres¬ 
sion, Thus, under fatigue induced by tetanlalng elec¬ 
tric shocks, the death point la lowered from the normal 
BO dog. Cent, to 37 deg. dent. Poisonous re-Hrents also 
lower the death point In a particular cam Prof. Boss 
found that a imlsonous solution of copper sulphate low¬ 
ered the death point hy 18 deg. Cent. 

If a plant Is than responsive to exlornul InllticiHVs. 
if, In a word, It Is Sensitive in n very real sense, we 
may well oak whether there Is a transmission of a true 
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excitatory chans* In the plant, and If so, whether there 
Is In It any specific conducting tissue corresponding 
with the nerve of the animal tot the conveyance of 
excitations. It la known that the excitation of a Hein* 
tlmno la attended by a concomitant electric change of 
gnlvauometrie negativity. If we make suitable gal- 
vu ik> me trie electric connections with two points oo a 
nerve, and wo stimulate the nerve at a distant point, 
we shall find that the arrival of excitation from the 
distant stimulated point la, at a proper moment, dg- 
nallsed In the galvanometer by a deflection of a definite 
sign- Similarly, Prof. Itose hi a found that the ex¬ 
citatory change of galvanometrlc negativity la trans¬ 
mitted through a distance to certain plant organa. Tis¬ 
sues containing flbro-vaacular elements, such as items 
and petioles, are found to be good conductors of ex¬ 
citations. Indifferent tissues in leaves and tnbers pos- 
kcsh 111 tie power of conduction; In auch cases excitation 
remains more or leas localised. By applying stimuli of 
conalnnt Intensity and by nllowlng proper intervals of 
rest. successive values of velocity of trinamlesion of 
cM'liallun aro obtained which are constant Automatic 
records have been obtained showing a tlmo Interval as 
short as 0.05 second. The highest velocity of transmis¬ 
sion of excitation Prof. Bose found In the petiole of 
Mimosa to lie 80 millimeters per second. Prof. Hose 
tins lioen able to show that excitatory reaction Is Initi¬ 
ated In the petiole of various sensitive plants by the 
discriminative polar action of an electric current. Ex¬ 
citation la induced at the cathodic point at make and 
ill Ihe anodic point at break. Tranamiaalon of such un 
excitatory Impulse takes place In the absence of all 
mechanical disturbances. Freexe the plant or Hitply 
cold locally, and tho conducting power Is abolished. 
Poison tho plant locally and conductivity Is aw In de¬ 
stroyed. It la evident that excitatory Impulses arc con¬ 
ducted In plants qnlte as they are in animals. 

In certain plants, snch as the telegraph plant of 
India, siamtancous movements of a rhythmic character 
limy Is- observed A very remarkable stndy of this 
plant wlilch Prof. Bose carried out shows that these 
rhythmic pulsations of the telegraph plant leaflets may 
be correctly likened to the pnlsntlona of animal heart 
tissue. Became a large plant cannot eaally be nranlpu- 
lated. Prof. Bone experiments with the detached petiole 


carrying the pnlantlng leaflet Aa In tba oaaa of lb* 
Isolated heart In a atata of standstill, the movement of 
the leaflet eu be renewed In the detached vedmen by 
the application of Internal hydro-static presort. Voder 
these eonditioea the rhythmic pulsations an eerily 
maintained uniform for many hoora (Fig. 10). Aa 
shown In Fig. 14, the petiole after detachment la pot 
In water and mounted watertight, in the shorter open 
end of a narrow U-tube filled with water. The longer 
and of the U-tube constats partly of India robber tub- 
lug. By raising or lowering this longer limb of the 
U-lube, the hydrontatic pressure to which the specimen 
Is being subjected can be varied; different chemical 
solutions can alao be applied Internally by Ita meana; a 
stup-cock allows the water to run out of the U-tube, 
making way for the particular solution poured In at tha 
open end of the tube. Tha resonant recorder shown In 
Fig 2 would not be able to trace records of tha small¬ 
est movements of tha leaflet The leaflets have a poll 
which Is so very feeble that the inertia of writer can¬ 
not be overcome. Aa the pull exerted by the leaflets Is 
very feeble, the writer must be made extremely light 
The oscillating recorder has been devised for this par- 
P<we; an lnstnunent In which the recording plate, by 
means of an electric motor provided with an eccentric. 
Is made to execute a reciprocating movement. The In¬ 
termittent dots thus produced may bo one to each sec¬ 
ond or one In two seconds. As the oscillating recorder 
permits the employment of a light grass haulm for the 
recorder, a fair magnification In the record may be ob¬ 
tained. Prof. Rose has used both methods, resonant 
mid oscillating, for obtaining Ibe records. In Ihe former 
they appear continuous; In the hitter dotted. But when 
It Is desirable to obtain data for accurate lime meas¬ 
urements of different plastic movements of the leaflet 
the nadllutlng recorder Is employed. 

As an example of the extreme regularity which can 
lie secured In tho pulsating movements of soch speci¬ 
mens, the record shown in Fig. 10 may be studied with 
Interest. This Is a continuous record lasting for four 
hours, the movements themselves being maintained uni¬ 
form for more than seven hours. The run of the breadth 
of the plHle was accomplished In one hour and twenty 
minutes, successive series of records being taken on tho 
same plnlc from below to above. Prof. Hose found that 


tha application of *oek to A laaflat la A atata of eta*- 
stU) ladaaa a ihm m fcwrs 

movement of the last upward. In a typteal example of 
the rhythmic pulsation of tbs telegraph plant, the leaflet 
accompUsbad Its down movmnent In 41 seconds. Tha 
maximum rota of down movement la OH ndnUaatsr par 
second, tha avenga rot* bring 0.44 ntmaotar peg mo- 
ood The period of up moveme n t la l onga r , being 00 
seconds. The maximum rate of up morrn—t la OM 
tnllM met er per second, the average rota bring 0J art IB - 
meter per second. In the rhythmic pulsation of a ftog*a 
heart variation of temperature changes the period and 
modi flee the amplitude of pulsation. Prof. Bag* bit 
been able to prore that the lowering of tamperetare hat 
on tha triagrapb plant precisely the asm* effect The 
rhythmic pulsation of Urn cardiac daaue ta (mated 
when subjected to e certain low temperature. Bhn- 
Uariy, the pulsation of tha tslagraph plant la arrested 
at a auffleiently low temperature. The critical point Is 
somewhat modified by the condition of tha gednii 
With rigorous specimens the temperature at which ar¬ 
rest takas place may be aa low aa 17 deg. OenL The 
convene la alao true. Increase the temperature end the 
pulsations of the telegraph plant will become more 
marked. Alcohol has a marked action upon the heart 
What to Ita effect upon the telegraph plant’s leaflets! 
Prof Bore found that strong aloohol solutions Indore a 
depression which may permanently arrest tho pulsation, 
exactly aa In the care of cardiac tissue. The affect of 
carbonic acid gas Is shown In Fig. ft Dilated with air, 
this gas causes an enhancement of amplitude, though 
the period become* longer. Freeh air produces a re¬ 
vival of normal pulsation. Ether produces at first a 
transient exaltation, followed by depression and arrest 
of pulsation. More pronounced la the effect of chloro¬ 
form, which la tar more toxic In Ita action. Carbon di¬ 
sulphide arrests the palmtlng activity at the plant 
Copper sulphate alao produces an arrest of pulsation. 
Ho powerful la the poisonous effect of potassium cyanide 
solution that rhythmic activity of the telegraph plant 
Is very quickly abolished. The effect of adds and 
alkalis on tba rhjthmk) movements of the telegraph 
plant are, aa on the animal heart, antagonistic. 


What Happens When Gunpowder Explodes* 

Tnu hula or modern smokeless powder la gunoolton, 
to whioh a groat variety of forms can lie given, but the 
efficiency of the explosive ia greatly increased hy an 
admixture of nitroglycerine. To synthetic chemistry 
we owe holh smokeless powdor and the high explosives 
which are used for filling shells and bombs. Horin 
acid was first employed for this purpose, instead of 
hltu-V gunpowder, about 30 years ago, but for the last 
10 yean picric acid baa hoen superseded by trinitrotoluol, 
which satisfies the requirements better than any other 
known uxplosivo 

The explosion of a uluvrgc of powder in a rifle or a 
cannon is designed to impel tile projectile forward with 
gradually increasing velocity, without ondangrring the 
integrity of the gun hy oxihwkIvo gas pressure. The 
charge of n shell, on the other hand, is designed to shaLter 
ami destroy by generating llie maximum pressure in tho 
sliortasl iKMiihlu lime. 

Tlio pressure caused by explosion depends, in the first 
place, on the quantity of gns generated, which eon be 
measured by exploding a small knnwn quantity of the 
powder In a very strong, thick-walled shell, connected 
with a gasometer. In Ibis way it is found that block 
gunpowdiT produces 380, guncotton 050, and trinitro¬ 
toluol 070 liters of gas, por kilogramme of explosive, the 
gns lining moaaured at atmospheric pressure (700 mill!- 
meters) anil at 0 deg. (lent. 

The pnsxurea dcvelo|sxl in large artillery guns are 
very great, varying from 2,001) to 3,000 atmospheres, 
in order to withstand these enormous pressures the gum 
aro made of nickel-* tael, chromo-steel and other im¬ 
proved steels, some of which aro so strong that they 
resist even the premature exploskm of a shell In the gun. 
Tho improvement tliat has been mode In gun material 
is shown in the following table in whioh "tensile strength” 
is tlie weight, in kilogrammes, required to pull asunder 
a liar one centimeter square; "ebuilio limit" ia the weight 
required to produce |s<nnaneiit increase in length, and 
"extensibility" is (lie pcrecnlHgi- of the original length 
by which the bar is stretched at the instant of rupture. 
The extensibility furnishes a measure of the toughness 
of the material. 

Tensile Elastic 

strength. limit RxteaalMlUy. 

Cant iron.. .. 2,34<) 1,110 0.4 

Common steel. .. 4,200 2,440 11.5 

Nickel steel 7,51 <0 4.400 18.0 


Hpeolal construction, as well as strong materials, are 
required to withstand the pressures developed by modern 
explosives. A cannon is now always composed of several 
parts, so arranged that the outer parts exert pressure 
upon the inner parta even when the gun Is not in use. 
This principle has led to the construction of mantled 
and ringed guns in Germany, and of wire-wound guns in 
England. 

Gun-makers have ilevoted much attention to the 
problem of making the powder chamber gas-tight. With 
cartridge ammunition the brass shell of the cartridge 
furnishes the required closure behind, in guns of larger 
caliber the same result is accomplished by means of 
packing rings of soft copper. In front, gas-tight closure 
is effected by the projectile which is preasod tightly 
into the rifling. 

The explosion of the projectile la accompanied by a 
reaction, rolled the recoil, which impels the gun back¬ 
ward. Even in field pieces the force of the recoil may 
amount to 100 tons, and it Is proportionately greater in 
large naval and siege guns. This tremendous shock 
must, of course, be taken up by the mounting of tho gun. 

The rate at which the gas pressure is developed Is aa 
Important ns Ita maximum value. It has not been 
found possible to measure directly the variations of 
pretsure during the discharge, but they have been 
determined indirectly by recording tho passage of the 
projectile through the bore. The gas pressures can be 
deduced from tho measured velocities of the projectile 
in the bore. 

The Ideal condition would be constant pressure from 
the start of the projectile to its emergence from the 
mimic, but this condition cannot be realised. The 
pr es sur e increases aa long aa tho effect of the liberation 
of fresh gaa exceed* the effect of the space added by the 
advance of lira projectile. The pressure diminishes from 
this point, and drops suddenly to atmospherlo press u re 
when tiie projectile leaves the gun. The velocity of the 
projectile varies in a similar manner, attaining a maxi¬ 
mum value at a certain point, and illmintshlng somewhat 
toward the mauls. 

The energy of an explosive la determined by the beat 
produced by Ita expktakm, or combustion. Only 10 to 
35 per cent at this energy is tranrformed into the kinetic 
energy of the projectile, the net being e o muned hi 
overeomliig friction, beating and expelling the gaaea, pro¬ 
ducing the recoil of the gun, etc. 

The heat of co m b usti o n of an explosive b minuted 
by ex plodi n g a small quantity In a strong shall immanad 
In a water calorimeter wfth a deBoato thenaomatat. In 
Utie way It if fotnd that Mask gunpowder produces 


750, guncotton powder 040, nitroglycerine powder 1,330, 
and trinitrotoluol 720 calories per kilogramme at ex¬ 
plosive, a calorie being the quantity of heat required to 
raise the temperature of one kilogramme of water 1 deg. 
Cent. Three values an much lower than those ob¬ 
tained with many non-explosive combustibles, but the 
rapidity of explosive oombastion produces very high 
temperatures. The temperature of explosion has never 
been measured directly but it can be calculated approxi¬ 
mately from the heat of oomhuation of tha explosive 
and the specific heat of the gases produood. Thus the 
explosion temperature of a powder need in infantry rifle* 
in Germany ia estimated at 2,100 deg. Cent. Those 
high tempera tpree greatly increase the gaa pressure and 
tho velocity of the projeotilo, bat they also shorten tho 
useful life of the gun. 

Tho velocity with which ignition progresses in ex- 
plodvea Is astonishingly great. In picric arid it la 8,000 
motors (about 6 mflea) per second. Loose gunootton- 
ie completely consumed in 0.0004 aeoond, blank gun- 
powder in 0.0015 seoond when finely pulverlaed, 04)067 
second when in granular form, and 0.0084 seoond when 
strongly compressed. Hone* It appear* that the velocity 
of Ignition la affeoted by the density of tha explosive and la 
greatly diminished by compression. Tha velocity of 
Ignition dependi alao on the space available for tha 
explosion. The exploskm of a heavy charge in a very 

the combustion. In modem practice the charge of 
smokBlera powder whioh ia uead about half fills tba pow¬ 
der chamber. 

Accurate knowledge of the Ignition velocity Is neeea- 
mry bt order to deteentine the efficiency at a powder. 
The ideal powder would be completely oonmmed exactly 
at tha Instant when the projectile oarages from the gun. 
This rendition ie not attained in praetioe, A flame whioh 
Imfln^t ai unfinished <wnbwtloD always Usual faun tha 
mmitb of the gun. In acme condition*, this tWm. 
may go far toward counterbalancing the advantage* of 
smoktltra pointer. 

Explosives differ very greatly in MndHranam, or 
UmblUty to explosion by msohankal ehoek. The sraut- 
tiv«BMi ft measured by letting a might ftil on the a* 
plorira from a height wiriah b gradually jnrasamd untfl 


ia 1 oentiaeter fer fuhnfatate of tihwr, 25 oestimetarf for 
pfcrie arid, and 108 tatatimetrag for trinttMtotiMl. Tkfc 


in point cf mttty. Tha —mfliilj ranriffr* fuhidnata ; 

.torn** . 
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Is m paper,* «nttO*d “Inter Oceanic Canal Projects,” 
by A. 0 Uanocal, U, Am ftoe. 0. E, U la Rated that 
the Government Oommtaskm, appointed la 1875, re¬ 
ported, u to a canal with locks, from Colon to Panama, 

"TOe river (Chains) la proposed to be crossed by 
means of an aqueduct baring twelve spans of SO feet 
each, '.,900 feet extreme length, 65 feet wide, and 96 


In dlscoaelng this paper,* the late Aahbel Welch past 
president. Am 8oc. 0 B, a thorough and noted canal 
engineer In his dag, said 

The flrat thought of an American canal and river 
engineer, on looking at U. do 1 easepe’s raised map le 
to convert the valley of the lower Ohagroi Into an aril 
tidal lake, some twenty miles long, by a dam ocroea the 
valley at or near the point where the proponed canal 
Htrlkee U a fen miles from Colon, each aa was advo 
rated by Mr C D Ward." 

The site proposed for this dam was at Gatun, 7 B miles 
from deep water at Colon the end of tho canal Bnt 
aa la well known, the nee of locks was not to be thought 
of under M de Leasepe domination, and a act level 
canal was commenced In 1888 

In 1887 It was at last decided that locks would have 
to be used, and from that time to the present, various 
locations and elevations for the ueceeasry locks have 
been suggested and different sites for the great dam 
selected 

The New Panama Canal Company and the Isthmian 
Canal Commission of 1886 the latest authorities agree 
In locating tho dam near Boblo, 18.0 miles from fl*sp 
water at Colon or 9 miles farther up stream than 


■This pspvr in pmanted st tbs msetln* of the American 
Sod sty of Civil Fnglneom Kay 18th ISO* It la reprodoeed 
hire for the porpoae of allowing that In 1004 or one year 
before the Board of Conaoltlnf Bngtoeere appointed by I*real 
dent Booeevelt adopted the plan for s lock canal Mr Ward 
had formally advocated the construction of thi dam at (latun 
Colonel 0 W Goethala In a Iritir to Mr Ward wtoto In 
1007 lho Berrien yon rendered la calling attention to th, 
feastUlItr of the Gatun Dam In a paper prennltd to (hi 
American Society of Civil Engineer! la recagnlred by the Bn 
glnet ring I ommlttee Editorial diamadon of thla paper will 

be found In the enrrint Issue of the Hcimrirtr Ahriicam 
'TrantnaUmu Am Hoc C M, 1ST0 to! will p 311 
* JVsaaaoMosa Am Hoc O ■ 1*80 yol lx p 148 


Gatun, the location guggefted by Ur Welch In 1880 
Furthermore, the Isthmian Canal Commission says In 
Its report that no location suitable tor a dam exists on 
the Chains River below Bohio"* 

The late George 8 Morieon, past president, Am See 
0 E, s member of the Isthmian Canal Commlmdou, 
commenced his paper on the Bohio dam which was pre 
rented to thli society on March 5th, 1902,* with this 

AU engineers a ho have examined the route of the 
Panama Canal agree that the neighborhood of Bohio 1 m 
the onlv available location for the dam by which the 
summit level most be maintained " 

Neither of these authorities mention* or gives auj 
i onalderatlon to the project of a dam at Oatun nor 
eien condemn* It nor Is the writer aware that any 
soundings or other examination* looking to a dam at 
thla point hate ever been made 
Am this question may be worthy of more con*)(lore 
Hon than It seems (o have received some of Its adinn 
tage* mav be stated The canal aa proponed by the 
latest authority the Isthmian Canal Commission mav 
Is briefly described aa follow* From deep water In 
( olou barlsir to the Bohio lock* tho Atlantic maritime 
leiel cut moetlv through the low flat valley of thi 
( hngres will be 16 81 miles long The two Bohio locks 
with a lift of 41 fe*t each reach the Bohio lake formed 
bv the Bohio dam with a maximum elevation of 00 
fed above tide 111 Colon hnrlsir nnd an area of 18 6 
square mile* The summit level thus attained extends 
Ihmngh the Culebra rat The distance from tho Bohio 
lock* to the Cnlehra cut 1* VI fit miles and from thence 
through th< Culebra cut lo Ibi Pedro Mlgml lock* at 
the fart hi r end of the level the distance I* 701 mil** 
lb* maximum mmlilned tall of these two locks Is 02 
fiet Trom Pedro Miguel lock* a levtl of 1 W mile* 
txtends to Mirations* lock which has a maximum fall 
of 38 feet to mean low tide in Panama harbor For a 
distance of 412 miles hoi nnd this lock the canal ex 
tends through the low swampy countrv in whlih tho 
nil! Olanile flows to a point known a* la Brea nn the 
nlgo of Panama Bny A dridged channel extends from 
this point 4 41 miles to (he It fathom line In runamx 
May 

* Report of tbi> Irthmlnn tonal i ommlsalnn 18111 lot 

P 00 

• Tnnmllont Ain Sot * F vol Xtvlll p 2X7 


Allowing 090 mile tor the various locks the total 
length of the canal la 49 09 mile* 

Aa to the suggested dam at Gatun the New Panama 
Otnal Company has made a contour map of tho region 
where the dam would probably be located. If at all 
If a dam were built here. Impounding the water to an 
elevation of 00 feat, then, of course, the Bohio dam and 
the locks and spillway would be emitted, and locks 
would be built at Gatun. 

lhe length of the dam would be 6760 feet, while the 
length of the Bohio dam 1* 2 646 feet The area of the 
section le nearly three times that at Hnhto. then ton 
It might not be out of the wnv for the present, to say 
that the coet of the Gatun dam would poealbty be thru 
times that estimated tor the Bohio dam or *10108*120 
At preemt, then bocim to lie no reason to think that 
the locks would cost more st one place than at thi 
other but the spillwny should be somewhat longer mil 
might cost more There may be n question whether thi 
hills to the west of Gatun are high enough to contain 
the Gatun lake at an elevation of 00 feet but the retold 
map made by the Now Panama Canal Company, a re 
production of which to to be seen at Columbia Italic r 
sllv Indicate* sufficiently high ground The lake would 
exl* ml far up the valley of the Rio Gatun on the east 
Mini the Rio Trinidad on tho west, and suhmerge tho 
( hagres Talley for 0 miles. Including the Aqua Clara 
Tens Blanca Vino Tlnto and Brnja Swamps cover 20 
or » square miles of swampy land and thus Improve 
the healthfulueas of the country This lake area added 
to the 38 6 square mile* of the Boblo lake would he a 
beneflt lu eiery wav and would render the Alhnjuela 
(lam on the Upper Chagrea unnecessary Between 
<>ntnn and Bohio the excavation of the sea level canal 
Hi* Pena Blsncn swamp outlet to Aqua Clara swamp 
III* ( h ixres diversion from Aqua Clara swamp to near 
(•iitim and the dlvoralon of the Rio Gatun would be- 
uim* unnecessary and their cost would be saved, 
these Items amount to |1463S0tM a sum large enough 
to puv the a warned extra tori of the Gatun dam and 
have about $2000 000 to pav tor changing the line of 
111* Panama Railroad and tho possible additional cost 
of the spillway If these assumptions should piov* 
practicable the result would bo a better anil saftr 
canal shorter time of transit and moro health* condt 
11 ms all at no greater cost and with lower mnlntennuct 
iham.es 


Printing for the Kind 

Osi, of tho noblest works of man has been hto effort* 
to lewd hto blind brother, and especially to enable him 
to re id bv hto reuse of touch A number of puhllra 
Hons for I he blind are shown In an exhibit of the 
Graphic Arts division of Ih* U 8 Nntloiml Musenm In 
the Bmlthsouton building Th* llrst efforts In this con 
uectlon are credited to a Bpantord named trancesco 
I ucas who planned the engraving of lettera nn blocks 
In tin sixteenth century Hto scheme was followed In 
1640 by a svstem of last lead littcia planned by Merro 
Moieait of Paris who nnforlanntily had not tho moans 
to cam out his ld*n there followed systems of dlf 
f* rent aorta pins rel In «iishliau* wooden h tters tho 
movable metal lettuH of Du l*ulseaux the letters cut 
In isrdhnard, and pricked mn|is made liv It Wlesrem 
bmug a German with which he ancccedcd In teaching 
Mile Paradis a talented mnsteton 

The honor of being tho flrst to Introduce printing fur 
tlte blind In raised characters like embossing Is at 
ti United to Abbe Talon tin llnuv of Paris who effected 
hto plan In 1784 the result of hto accidentally dlacov 
ertng that hto blind pupil could read parla of a printed 
card heavily Indented by tho typos Relief printing was 
the result 

Tames Gall of Edinburgh embossed several elemen 
tary works and was tho flrst to com till the Idea of 
printing I he Bible for tbo Wind be completed I he 
Ikaqiel of St intin lu 1884 Ills (jjrstem emploviil the 
(omraon Hugllah letter bnt reptooud the turves liv 
angle* Printing for the blind was commenced lo the 
United State* In 1833 at Boston and Phllndflphln !m 
prorrment* were made hy Frlcdland* r Tineas Wall 
Frere, Howe, and Kneass Dr 8 Q Howe of Boston 
established a system In which he used the Iow*i case 
English letter without capitals, aud like GnII with 
angles Instead of curves In this manner b« printed 
the entire New Testament In 1838 and completed Ihe 
Bible la 1848 

A method dearly meant for adults and person* w bore 
lingers are not as sen*tt1r$ ts {bnsr of yonlb was ef 
farted hy Dr WlUtom Mow Of England to 1M7 This 
p w re m fl part of Urn outline of the Roman letters, but 
wgn a mrthql q re one of tha arbitrary system* and to 
too unwlaldy tot general use. One feature of this style 
to the gold* tor tha reader** Auger at the end of the 
Haws: the even numbered One* are read from right to 


Ihe arbitrary point syriim was Invented early In 
Ilk, nineteenth century by Capt Charles Barbler n 
1 rom b officer who substituted embossed dots for lines 
Ibis wns arranged lu 11s pnsent form bv I nut* Brallli 
n pupil who nfltrwnnl tavnme a prolussnr In an Insll 
liitlnii for (be blind In Paris Aa It Is used to dm this 
sisfiai comprint s inmblnatlons of six dots arranged In 
two virllcal IIihm of three each making posslbli slxti 
thru illHi rent combinations \ to n pii Minted by 

and‘T’by while stands for and 

Nutorullv thi alphilKtlial systems are of advantage 
inir Ilium of au arhllrniv nature slme Huy may Is 
nail by seeing persons with ius* enabling smonr to 
nail or teaib from suih hooks while a »piilal tiailnr 
Is required to instruct In Ihe othi rs 

1 hi first hooks tor tho blind wire virv bulky nnd 
nnnv attpmpteil to decrease their sire and eonsiquintlv 
11m «i»-t They arc si ill voluminous bowevir thrci 
luon volumes than nn nqiilrttl tor an onltnirv itit j 
iItipttllA ls>lng nqulml to <om|ltte Di fn* s Hniiliisun 
I rust** One of tho seveial hooks to he sc* n In the 
<nllections In the Hmllhsoulan building to a bulky vol 
umi of this work 

lb* »111* f American sy slnns nre I II brlidliiiiili r*. 
Homan tapltals In width Ims Imiii pi Inti d thi onlv 
tlliHtaian for th* blind Howes angnlai lower <sse 
liltirs IIh Freikh alphalst with < ipllnto and rounded 
lower unto letter* and Kncasss Improved svstem com 
lilolng capitals aDd angulm lowtr msi lctlns th 
lnw*r care l*ttcni with tails Is log mlstil so that no 
laid extend*d below this llm lb* last stvl* wjis tin 
ImimHtlnii of a hllnd writir N II kaini-s li who 
also I stall listed a maipirlai for Its hllnd In 1S(>7 

The (.raphh Arts exhibit uaitnliis samples of the 
Koeow system and a eopv of bis Philadelphia Itogiirftn 
for the Blind Publications of the How* Memorial 
Press of Boston the American Priming nmwe tor the 
Blind of LuutavtUe, anil aiaslmius of th* Moon nisi 
llrallle ayatenu arp also shown logithir with r*II*r 
nnips and lllnstratlons. 

BectroJytk Iron Melted In View 

At a meeting of tha TTrbano Sectlnu of tlie American 
Instttuto of Electrical Rnglnetrs nn Interesting imper 
was read by Trygv* P Tenson on the above subject 
The following abstract of the author a remark* to du 


rlv* d from the Proceedinga of the Institute lu which the 
ptpir was published 

I Icetrolv tic Iron of a purity of 80 97 to 90 OR per cent 
wns milled In fused magnesia crucibles In a modified 
Anem furnace forged into rod* machined a ml an 
nialed In in i let trie fnrnatc according to various heat 

The maun III pn isrlles were nbtslmd by the Bur 
rows diaihl* lair method Determinations wore also 
made of Ibi i In 11 ual resistance chemical composition 
and phvslial proiiertles Including microstiuctnre and 
critical temisiatures a* well as tinidle testa A few 
commerelil Inn and steel samples were tested tor rom 
ptrison 

Tin follow log valuable results were obtained 

1 I*ur* lrou imllod In an atmosphere of carbon mon 
oxldi under atmo*|ihciic pressure will absorb both ear 
bon and oxygen with the result that the Iron thus 
produced Is of au Inferior magnetic qualltv 

2 low carbon Iron molted in vacuo will lose 00 t> GO 
im rsnt of its original carbon content 

3 Tho magnetic quality of electrnlytli Iron melted 
in i acun to decidedly sup* rlor to anv grade of Iron thus 
tar produud lho maximum [srmeabllltj obtained bilng 
10000 nl i llnx dengllv of 0600 gausses Thi aviragi 
h sliresin loss obtained to less than 60 |s*r lent of thnt 
fi ami In lho last unde of (ommenlal Ir instormir steel 
due lo (to fmt that Ihi usnlu forte Is very ninth 
lowoi Ihau for hllleon shs I iltlintigh the retintlvllv to 
liljbi i 

I llie sissIIk ileetrieil nstolnnoe of pun Iron 
ui* Hid is loiao Is <l<m mlirohms pi r n nllmiter euls 

5 Swedish iliHn ml Iron milted in unto has n max. 
mill inilltv api invlinntlag thnl if ilectrolvtli Inai 
milted la tamo ililill* dm to thi n luetlmi of tin 
* iilsia (null id 

Hit author sugxiNts th it thi hl„li ilistrknl lomliti 
tivltv and heneo large idilv eurri at losws hi this mnti 
rial ran possibly lie gnstli udiieiil bv tin uMlttmi of 
slllisvn or slnmliilnm with ill virv iiinli mill affislln. 
Iln inagiietk qualltv 

V ihMtNi for fistiirinx until lo mull to glvi i In 
llu Amrn«tn VarhtnM I| eonslsts il thlrtv ixiris 
plashr of parts ha | iris of Iron fllluxs mil half t 

acetic acid added tn make a thin paste which must lie 
UHkst burned lately 
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A South American jungle along the Parigua}'. 

The Roosevelt-Rondon Scientific Expedition—I* 

Its Movements in South America and Some of Its Zoological Achievements. 

By L. E. Miller, Mammalogiat of the Expedition 


Tbs plan of the expedition, fully decided upon after 
consultation with the Brazilian government on arrival 
at Rio de Janeiro, look shape as follows: pi anoeud the 
Paraguny to the highest navigable |tolut, cross the van I 
breadth of Mallo (Irosxo mi limb ■-back and diweiid 
the uimxplured Rln de Milt uln. 11 was deoidcil also that 
llui main purpose of the ex|Mshlion should be au ex¬ 
ploration or the Rio da Dflvida with zoological collecting 
as wo movod along or as opportunity prusenlod Itself. 

The steamship "Vandyek" remained at anvliuntgo in 
the harbor of Rio do Janeiro two days, which gave us 
ample time In view the natural scoide wonders of the 
harbor, and tho Iswiitiful city. The greater part of one 
day was s|Hiul in tho Isitanieal gardens which with the 
avenues of stalely nival iminis and large collections of 
plants from all parts of Llui tropical world, doubtless sur- 
|uuu anything uf a similar nature found in South America. 
Jloro Colonel Roosevelt left llui imrty, accompanied 
by his son Kermlt and Doctor Zalun ; the n'maindor of 
the expedition consisting of Mr. Ooorge K. Ohorrie, Mr. 
Jacob thug, Mr. Anlhony Kfala and myself, resumed tlm 
voyage and reached Lluenos Aires six days later (October 
27th), 2S day* after leaving New York. We hnd stopped 
a day at Santos, Rruxil's great eofTeo renter, nnd another 
at Montevideo, the enpifnl of Uruguay. 

Mr. Cherrio ami the writer wen- eager to devote every 
uv aibddr moment Ui tile zoological work, so having 
Messrs. Kiala and Sigg, whose duly it wus to look after 
tile liaudling of the large amount of ini|>edimenla, we 
ws'lired passage on the Argentine Northeastern Rail¬ 
road, whieh had just inaugurated llimugh service to 
Aseunion, 1‘aragnay. We look only the small aiiioiiul 
of equipment necessary for a few weeks' work as I lie two 
others were to come up with I he remainder of our luggage 
via the tint available freight boat. Our train was the 
second to make the through trip, and was scheduled to 
run lu-wis'kly. It wus comisised of seven Ihilhnans, two 
Imggngo ears and a dining car, and the service was good. 
IsniYrng Buenos Ain's on the afternoon of Sunday, 
Nm emlsT 2d, we nmehed Rosario at about dork. I lore 
the train was nm on to a stool boat and oarriod up river 
fur about 4 hours, after whieh it continued the journey 
on tho cast liank of the Pnranfi. Tho next night we re- 
urossed the river on a ferry Ixuil and were landed at 
Kneumaeion, Paraguay. Asuncion was reached late in 
llie afternoon of Tuesday. 

The railway journey luul Isxiu through level plains 
country, interspersed at long intervals witli small elumpa 
and HlnpH of low woods; Imt il is oawutlally a grazing 
country, and we passed numerous herds of cattle oon- 
teuUsIly; grazing in the vast, fenec-im-kmed ranges. 
Stalking eulndy among the herds were small.Imuds of 
• Pruiu (lie .1 ■» ericas Vucsat JuarneL 


rheas, seml-domestinated, but they were not abundant. Through the courtesy of the president of the republic, 
I doubt if we saw thirty during the entire trip. Tara- a launch was placed at our disposal, and on November 

earns,' glossy ibises, jneanas. 1 mils and spur-winged 11th we started on a short voyage up the Kin Pfleomayo 

plovers, were numonius along the line, and frequently into the Grand Chaco of Paraguay. We reached a small 
we saw the domed mud-nests of the oven-bird perched settlement called Porto Oalileo that night, where we were 
ii|ioii fence inisIm or lower brunches of tree. Villages the guests of the “Quohracho" Company. A large mill 

are few and far between, and the natives, a motly crowd had been erected for the extraction of tannin from logs 

of dark-skinued individuals, usually left thoir shambling, brought in from the surrounding country, and a narrow- 

graxs-thaIchod huts and came down ro matte to aee the gage railway was being eonstruetod In the Interior, a 

train. distance of Hl) kilometers, 15 kilometers of whieh waa 

After spending a few days nt Asuncion, we worn In- already In operation. Wo proceeded to the end of the 
vitod to tho home of Prof. Fiebrig, who lives at Trinidad, line and pitched camp on tho hank of a small stream, the 

a short distance away. Prof. Fiebrig is a scientist of Rio Negro, infested with piranhas, tho little man-eating 

more than local note, an instructor in the University of fish, no larger than a trout that kills swlmmura. 

Paraguay and curator of the museum. Our first zoo- Our camp was merely a rough shed built of sheets of 
logical work was done on his estate. All about were corrugated iron supported on poles driven into the 

tracts of low forest of considerable size, patches of brush ground. The river water was salt and unfit for use, 

country, grassy fluids anil oullivated plots. Birds were so each morning several largo jugs of drinking water 

very abundant, and as practically everything waa new wore sent us from Porto Galileo, together with a supply 

to us, our work was doubly interesting. Wo here funned of fresh provisions. All about lay marshes, swamps and 

our Amt intimate acquaintance with tho peculiar white largo grass-covered areas, the latter type of oountry pro- 

am* (Gufra), huge flocks of which were in the palm trees, dominating. 

The birds sal soberly on their perches, awkwardly jerked It Is In the dark swamps that the preolous quebracho 
their tails from side to side and mewed dolefully. They treos grow. It was also from these same swamps that 

wemed to lm utterly out of place among tho vivacious clouds of ravenous mosquitoes issuml with the first signs 

tan»g<fs, creepers and finches, and to licking more pro- of failing daylight, and drove us U> the refuge of our net- 

IKirly to Die fauna of some remote and unrecorded past, covered hammocks. There we sweltered tlirough tho 



Mammalian life was scarce, but considering the short 
lime available, a comparatively representative ooUeotion 
was made, Including a series of a small rare wolf (Cam's). 
'Csrarmn s member of tbs hawk family. 

ptovet sod rail. 01 b °* 11 

■Umba ui s tuMuafly of tbs cuckoos. 


long hour* of the night, listening to tho angry butting of 
our outwitted assailants, whieh was not unlike the sound 
produced by a swarm of enraged bees. I could dbtin- 


The varying rise of the Insects, which mag *i fro* fe. 






April if. «>< SCIENTIFIC AMERICAN SUPPLEMENT Na 2050 *« 






Utlarity Fall*. South America, two hundred and fifty feet hl(h. 


Anophtlei, doubtleaa accounts for the different tonne pro¬ 
duced by the vibrations of the wings. Small brocket** 
were plentiful in the ewump and name out into the Holds 
to reed morning and night, and in the tall gram, oavies* 
abounded. Oodote had worn well-defined paths through 
the fields in their nightly raids on the oavy uommuruty. 
In the trees we found biaok howlers, night monkey* and 
tayiad; on the ground, opossums and various small 
rodents bald sway. When time permitted us to take a 
few momenta* recreation, we Ashed for piranhas 1 in the 
stream, the ravenous oreatures throwing each other clear 
of the water in their frantic struggles to get at the meat 
bait. 

After a profitable week’s work on the Pflcomayo we 
returned to Asuncion, where we were joined by the two 
eommltaerie* who had just arrived with tho equipment. 
Two days later we boarded the oomfortablo little steamer 
"Asuncion" and sailed for Curumbi. The four and a 
half days' trip on the Paraguay eras most interesting, 
although the heat was intense and insects at times were 
troublesome. We had entered the great pantanal 
aountry, and the vast marshes teemed with bird life. 
A* the “Asuncion" plowed her way through the water, 
eountleas thousands of cormorants and anhlngas 1 . took 
wing; lining the pools and dotting tho marshes wore 
hordes of wood and scarlet ibises, together with herons 
and a sprinkling of spoonbills; egrets covered the small 
dump of trees as with a mantle of snowy white, and long 
lines of jablrus patrolled both shores. Scarcely a moment 
passed in which we did not see hundreds of birds. Many 
of the passengers were aimed with rifles and revolvers, 
with which they kept up mote or less of a fusillade on the 
feathered folk, but fortunately their aim wae |>oor eo lliat 
little Injury was Inflicted. The day before reaching 



NhataMqnare men. wearing labreta. 


Conunbd we pee re d an interesting old land-mark, the 
fort of Coimbra, built on a reeky hillside with s cluster 
of tbatoh-reofed huts nestling against the base, ll is 


•Cavy. s rodent at Hvutb A meric* silled to tho sublet pt* and 
espybars. 


Tayra: s South American mammal rambUng Uae weasels iukJ 


•PlfMha: tbs oust Nrudeus smiU IMi la tbs worth, s deadly 
sosayof msa,knownt*theeootdbsinsh. Ills seorewSy shout 
IJtaebm hllencth. 


dost tho Bolivian border and in by-gone years figured 
prominently in several of the bloody controversies be¬ 
tween tlio neighboring republics. 

Having heard of a'plaee called Uruedni, hut a short 
distance away, which seemed to offer unusual opjsirtunl- 
ties for collecting, Mr. Cherrie and tho writer immediately 
moved to that plane and established headquarters. 
Uruoflm proved to be a garden spot of clear, cold springs, 
shady groves, and plantations of tropical fruits and 
vegetables. Easy of access were fields, forested hill¬ 
sides, marshes and lagoons In which dwelt an abundant 
and varied fauna. Swarms of hats of several specios 
Inhabited the mango trees as wall as tho eulvorts and 
manganese mines in the hillside*, and furnished an un¬ 
failing supply of material; squirrels, coatimondis,' 
monkey* and marmosets lived In the trees; on tho forest 
floor rangod agoutis, 1 * doer and poooanea. Tra|is left 
ovornight, caught wooly opossums (Melarhirui), small 
' rodents and giant black lizards that fought viciously 
when wo sought to release them. One of the mammals 
added tn the collection at Uruodni was of unusual in¬ 
terest; it was the formidable guaraguaiil, a yellow wolf 
which equals or exceeds in sire, the great gray wolf of 
our own north woods; it is an animal of solitary habits 
and is so rare that it is seldom met with. It was not 
previously represented in tho American Museum's 
collection. From tliu host* of birds wo secured pigmy 
owls, tinamous, thrushes, grids*, rails and ant hints 
that were out of the ordinary. We spent nearly ihreu 
weeks at Urueilm, and oaeh day we added a number of 
speoies that were new to us. In the meantime, Colonel 
Roosevelt and his Brazilian escort had reached CorumbH. 
and a hunting trip on the Rio Taquary had I teen planned 
to aeouro specimens of the large game lliat is found in 


Duceinlier 18th found the hunting party aboard the 
"Nyoao" steaming up the Taquary. This Isiat had Isvn 
placed at the disposal of the exfiodition by tlio llra/.ilian 
government, and wns our "home" during the weeks lliat 
followed, until wo roaehud Porto Canipo Besides 
(Toionui Huosevetl, there were on Issu'd, Colonel Candido 
Mariano da Silva Itonilon, Mr. Koniul Roosevelt, 
Captain Amilcar do Magalhaes, Mr. Hels the photo¬ 
grapher, a physician, a taxidermist and myself. Mr. 
Chenie remained at Unicdm to finish the work in that 
locality, and the commissaries were dctaimsl in Corumbtl. 
We reached the landing at the Estate Pulmiras just at 
dusk and spent the night alsiard, prnpariug the skin or 
a giant anleator which had been shot by Colonel Roose¬ 
velt near tlie river. Early next morning tho party was 
in the saddle, galloping across the grassy marshes, Here 
and there small dumps of trees and thorny bushes dotted 
tho marshes, and these were teeming with birds of many 
ipeohw: parrots, parrakeets and macaws tiashod by with 
rauoous shrinks, and flycatchers calmly surveyed the 
cavalcade from the uppermost branches. Occasionally 
we flushed a small flock of teals and, in the distance we 
saw Ibises and jahirus standing in the long grass, like 
white ipeolu In a sea of green. In spots the marshes 
wore drying, tho ground covered with fish; in tho small 
pools an almost solid mass uf fishes wriggled In the shallow 
water which had been churned into tliin inud, and at the 
I girder*, numbers constantly leapt nut; the ground was 
strewn with the dead and dying myriads of many species. 

The ranch bouse or fauntUi was nwcheil at noon; 

•Ooattnoodli also wtHmundl and mure iMmliirly known u 
^^Amrjran^sanUvorgos ouadninal. i*«l nearly retslert 


it wns an interesting place, the lung, low runililmg hmld- 
iugs forming a square with an open court in the center 
III which treiw and flowers gre w, and chickens and pigs 
roamed at will. All nlsmt lay marshes, )>apyrus swaniim, 
fields and furesls. Numerous herds of Lalf-wild rattle 
grazed on this vast range, and In the papyrus thiokota. 
marsh doer were not uncommon. Tho main object of 
thlB excursion, was tho lordly jaguar and a magnifloent 
pair wore taken after several all-day hunts. Another 
giant anteatcr, several doer and a oapybara" were 
oulleoled; also a splendid scries of the rare and beau¬ 
tiful hyaninthine macaw was added to our rapidly 
growing list or treasures. ► 

Returning to OonimtiA on the evening of Deomnber 
21Lh, wo wore joined by the other mcmlteri of the ex- 
Itedition and immmliately ]irooecded on tho up-river 
\oyago toward N*o Luis do Ciceros. A short side trip 
was made up Llic Rio Sin 1/mrenco, with brief stops at 
vnnous points where there were evidenees of game; and 
ntmiliers of bmls.J including sereamera. iteneliipe*," 
parrots and various s|hitii’s of waterfowl were eollocted, 
also numbers of small rodents, monkeys, deer and pec¬ 
caries. The jakiru storks were nesting on the Hie 
Lourcuyo, their great platform nests of slicks perched in 
tlio crutch of giant trees. The young storks, two in 
numtier and fully feathered, Were continually exorcising 
their limbs by running back and furtli in the nest, flapping 
llieir wings ull the while, preparatory to launching forth 
mtu tlio big world. 

t To be continued.) 


"fseylwr* thr Isrwst or luting rodent, resomlrfluir tbo gut no* 





Pared* babies at Utlartly. 




SCIENTIFIC AMERICAN SUPPLEMENT Not MS# 


Progress in Aeronautics* 

A Review of Recent Air-raids and What They Have Accomplished 


iilr-ruld of any Importance n«nln»t Great 
irrcd In January, nud au Into In the month 
IniiMwtlhle to (lu mure Ilian briefly allado to 
jutes, having regnrd lo hinico available and 
im of getting l hern ready for publishing In 
- moiit lily Ihmuo of I he inagaxlnc. A review 
lu general alnee Ihe commencaiaent of the 
Ill-war aliowa Hint while thin attempt of the 
apimreutly conceived on a more nmbitlona 
my prerloua enterprises of a similar kind, 


dropiied on four enemy olHeera uiul forty men near 
1 hinklrk. 

Heplemlier 22ml. Lieutenant Collet and other airmen 
dro|(pcd Immlm on Zeppelin aheda at lldaaeldorf. Bertram 
ilananni waa done a dlallnetl.v HUft-cMsful raid. 

Oetnlu'r HUl Ilrlllab air mid over Cologne aud l)tls- 
aeldorf, Ze|ipelln airships believed to liave been de¬ 
al myed (Lieutenant Marly). 

I fetober lltb.—Two German airmen vlalled l'arla anil 
dropiied many bomba. Three killed, fourteen wounded. 

November 22nd.- Ituld on Zepiielln sheds at Fried- 
rlehahafen. Much dnuuige dime. Kquinlroil-Oouiniiinder 
Briggs forceil to dew-end ami lakcn prlaoner Injured. 
Ileaiilta more eommenaurate with the efforts put forth 
lly our lllrmcn. Moat aucepaaflll. 

1 leei-mlwr IHh.—Enemy aeroplane rejiorli-d over Dover 
ut 10 :M A. M.. but went out to aca again. 

December Klh.—French airmen dropped rigbtwu 
bomba on Krellrarg. To Judge from the cnouiy'a pub- 
Ibdicd com menu, this waa moat aucceaaful. 

December 17lh 18th.—French alnucn dropped houilia 
on Nnarburg, In Lorraine, throwing ton bomba. 

December 24th.—German acroplano flow over Dover 
and dropped bomba. No damage. 

Deevmla-r 2tith. Grant Rrlllah alr-rald on Out ha von. 
Commander Hewlett missing, bnt anbaciiuciilly fonnd 
safe. Iteimrla from neutral aourees tended lo allow that 
both moral nnd nmlerlul eirecla were acrloua. 

IIn-ember 2filh.—German nlr raid on England Dointia 
dropiied near Chat ha ill. Illlluiliig light down the Thamea 
aa raldera are chased away. 

IH-cemla-r 201 h - Zcp|*-llu over Nancy ill fi:20 A. M. 
Koiirleeii IhiiiiIin ilreplied. Two in-ople killed. Two In¬ 
jured. IHiniuge lo liulldlugN 


la mm ry Bth—Three Zeppelin* rii»irli-d off Cnlala; 
no apjiareiit result. 

January 10th- -Fifty laiuiln dropta-d by Germnna on 
IWmklrk. Many killed and Injured. The enemy consld- 
ered I his a dlalluct nncccHH. 

The allempt by the enemy'a airmen on Dec«<ralier 
25th npiieiira to have been laildly conceived and carried 
mil with eoiiHldernlile during. Two nlrnien lu a biplane 
were alghled on Chrlalmna I my at 12 ..IS I*. M. flying 
very high nut lo neat over Klin-mess. Immediately 
Ihe enemy waa seen anll-alrcntn guns opened Are on 
Ihe Invader and three British lilplniies went up and 
gave chaw-. Two ltrltlah craft managed lo fly above 
lilm and final abut after allot. The fight continued over 


d> of n German airman waa 
Thamea, It aeems probable 
ned to n-port what they bad 
HOen or done, ho thHt It Ih lo be preanmed that thla 
attempt waa a failure. Then come nuotlier raid on the 
night of Jnonary 11>tli-20th. Tills was directed against 
Yarmouth and other places on the rant const of Eng- 
In ml. and Judging from the wise of bombs found unex- 
phaled aud other evldenee -apart from published Ger¬ 
man reports, which an- not necessarily accurate—was 
curried out by largi- iinviil Zeppelin alrshliM, rigar- 
Hhaiirvl iTafl ulsmt lYJfi feet In length nod Ml feet lu 
ilia meter with a capacity of 700.000 to 1.000,000 cufac 


By Major II. B&nnerman-PhiUips 

feet, of considerable lifting capacity, bnt very swudtlTe 
to weather, more wtieclaUy to rain or snow, which, 
lodging on the outer surface of the envelope, la liable 
lo weigh them down. Their great length make* them 
dliHcult to handle In a crust-wind. They are fitted with 
a wlrelesa telegraph Installation which will enable 
them to communicate with ship or shore ut a distance 
of 150 miles. They were originally Intended to be fitted 
with a platform on tho upper surface communicating 
with the central gallery and car* by a well-ladder, the 
object of this platform being a doable one, first to en¬ 
able uInterval Ion* to-lai nuido under rnoro favorable con- 
dlllona than from thu curs, which are, of courao, over- 
Hliudowed by the vaot hulk of the dirigible Itself, and 
secondly, lo carry machine or other automatic gnus for 
piutorllun against Hcroplano attack from above, to 
vv lildi they nre moat vulnerable. This secondary pari 
|hmc npiieiira risky lu view of the practically Inevitable 
leakage of hydrogen from the gae-contalnera which, 
rlalug to the npper surface and becoming In contact 
with the air a most Inflammable mixture, might easily 
In- Ignited by the flash of discharge from Ihe automatic 
gun or any other fire-arm on the platform. In fact, thla 
line been proved to be (lie cniw, aud the Idea of carry¬ 
ing guua oil the latter has apparently had to be abon- 
lx Iin-d. Tbcoo vessels can carry oxploslTce In I ho nhapn 
of steel bombs (filled iiresumably with trinitrotoluol) to 
n total of two tone In weight. Tho largest naed so far 
weighs 2JjO jMiunds, but tho Germans are said to have 
designed Jirojoctllra of 000 pounds In weight for special 
alr-rald imrposoa, and the rrews are, of course, suppllod 
with Incendiary and Illuminating projectiles lu addition 
to aearehltgbta lo enable them to light up any spot on 
which they may Intend to drop projectiles by night 
Tho motive power la usually supplied by Mayliach en¬ 
gines, aggregating 000 to BOO horse-power, and they 
linvo a possible safe radios of action of 000 miles In a 
straight line from their protective hangar, but tholr ex- 
ln-me scneittvcDesa to unfavorable weather condltlone 
n pin-era to have placed very strict limits on oversea 
voyages. For Instance, two are said to have been 
brought down and sunk during the return voyage from 
Hie esst coast, according to accounts received from 
North 8ea fishermen. There are sheds capable of shel¬ 
tering Zeppelin airships at Helgoland (2), Wllbelma- 
linvi-n, t'nxhnren. Hamburg, and Kiel on the German 
const, ami at Alx-hl-Clutpelle (Aachen), DOsseldorf, 
Cologne (2), Blckendorf, and Treves, near the Rhine 
nnd within striking distance of Groat Britain. In addi¬ 
tion. tho Germans are lielleved to havo erected tempo¬ 
rary sheds at vnrinus points In Belgium, Rmong them 
Brussels. Antwerp, nnd Llflgc, 

The Helgoland hangar, which is one of the best 
I-Inlined. Is double, placed on n pivot so Lhut It rnn lie 
romlcd to fsec (ho wind, ami so arranged Hint It enn 
Is- lowered by hydraulic up|iamtns Into a deep pit in 
Iho ground. It la thus safe from attack by warships, 
unless n shell happens to jdteh ou It, nnd presents no 
mark lo aircraft, or guns. 

The nlrxhlp* which took i*rt lu Ibe raid on Yar¬ 
mouth were apparently three in number, and they sub¬ 
sequent l.v visited other plnres. Including King’s Lynn 
aud (he neighborhood of Sandringham, Cromer, and 
Nhrrlnghnm, 

Hostile aircraft were seen at 1:30 P. M. In the after¬ 
noon off the Dutch coast. They passed over the Island 
of Terwliellliig and, crossing tho North Sea, reached the 
Kngltsh const after darkness had fallen. Their presence 
was unsuspected until about 8:30 r. M., when bomba 
were drop)icd on Yarmouth. Considerable damage wis 
done, and at least three Uvea were lost The bombard¬ 
ment of the town from the nlr contlnard for some ten 
minutes. Several of tho missiles did not explode, and 
nno fell through a house In Ysrmonth, without Injuring 
tho family within. The anthortHea promptly extin¬ 
guished the street lights Hnd the people seem as far as 
possible to have kept under cover. This probably made 
Ihe deeth roll lighter than It would otherwise have 
liecn. In the darkness, however, It was Impossible to 
distinguish tha nature of the craft, which were believed 
to have carried sea rah lights 

Commenting on this raid In the nme* at January 
21st, the naval correspondent of that paper Mid: 

“Now that the long-threatened Invasion of thane 
Islands by Zeppelins has become an accompUahed fact, 
and eupcrinlly considering the comparatively amitl 
amount of damage that has been lu result^ It la natural 
to oak onraolvea what Its object waa. Krer dues the 
be gin n ing of tbs New Year tho waayl tbmft how* 


shown Increased activity In eareral directions, but there 
has not been oooeloalve evidence that the bppollM 
have to any large extant token put In these operation*. 
Aa a result of the poor part they played la oar com¬ 
bined sea and alr-rald on Christmas Day then baa ben 
a manifest inclination to disparage their ability and to 
regard their powers aa haring been much over-rated. 
Thla being the case. It would not be furprfaing If tha 
German authorities were anxious to show that they 
were capable of doing much more than might hate been 
cxiwtod from their performance on that occasion. In 
iitlu-r words, the raid waa Intended to restore their prat- 
tlgv, particularly in Germany, and once more to Instill 
h fueling of apprehension in regard to their menace in 
this country. 12118 fa tha moat obvious reason for the 
raid. 

“it would be a mistake, however, to accept this as 
the primary reason for Ute raid on Tanadar night The 
(tulles of aircraft are aeon ting and the destruction, by 
meson of bomba, of objects of military usefnlncas and 
Iminrtaoco. To these the Germans have added a third, 
which they term frightfulneoa’—raids which by tho 
murder of non-combatants and the destruction of pri¬ 
vate property may strike terror Into the Inhabitants of 
n country In the hope that, by sotting up a state of 
nervousness, an Influence may be exerted on the prog¬ 
ress and direction of the war. In our rasa, of course, 
tbe hope evidently Is that the flow of reinforcements to 
the Continent may be stopped, whereas In point of fact 
tho ox enrol on of Tuesday la more likely to have exactly 
the opposite effect In almost every case, however, the 
iilr-ralds of tbe Germane have served a doable purpose. 
They have combined reconnaissance with bomb-drop¬ 
ping. This last exploit waa almost certainly In the na¬ 
ture of a test of the state of our defonaaa against serial 
attack on the east coast If the objective In some future 
mid la to he a point further Inland. The Germans may 
have obtained some satisfaction, therefore, at finding 
that tho Zeppelins were not brought to action on this 
occasion. 

"In view of the known capabilities of the Zeppelin 
type of airship, this can only be regarded aa a trial trip. 
Whether there were two or more vessels engaged, teg# 1 ' 
were seen off the I hitch Islands a little after ao^Pm 
Tuesday, and probably left tholr base half an hour 
earlier. They arrived over the East Anglian coast at 
8 M r. M„ and therefore covered a distance of about 
•TOO miles In little more than eight hours. Thla would 
allow them a speed of SO miles an boor, which fa about 
what they would accomplish at half power. They ap¬ 
parently went back much faster than they came, pos¬ 
sibly owing to conditions of wind and weather. As, 
however, these airships hare a radios of action of about 
1,200 miles in suitable etreumataoeoH, there la hardly 
any portion of the British Tales that they coald not 
reach, provided they were willing to make part of the 
Journey In daylight The latest rigid airships are 
capable of thirty hoars’ continuous flight at full apecd 
- about B0 miles an hour—or they can do a sixty hours’ 
flight with their engines working half power. Thus, 
had tbe vessel* need on Tuesday come over at their 
highest rate of speed, they coald hare reached almost 
any of tbe larger English towns and got back before 
dawn. Aa the primary object of tbe German chief* fa 
slway* to leenen the power of the navy, and tha* bring 
about conditions favorable to the nae of their own fleet, 

It might be supposed that vital points Hire Important 
railway Junctions, towns where warlike material fa 
bring manufactured, or tha big shipyards and arsenals, 
would be aimed at rather than uodefaodnd places like 
Mberlngham and King’s Lynn. 

“It to fair to a seams, therefore, that the Oenflans 
had more than one motif* In making this alr-rald, and 
that when repeated 4 wUI not always be aimed at do- 
fenselem towns. There fa nothing to prevent tbe em¬ 
ployment of aircraft against point* far Inland except 
such precaution* as we may take. Including the provl- 
alon of anti-aircraft guns and tha darkeiritfa of our 
dries. Thla deftest fa partly In the hands of tha navy, 
and so might be also that which fa the boot defittse of 
alt—counter-attack by aircraft. Bnt the Admiralty fa 
not responsible for the protection of the country from 
everything fait flies aloft. It must be printed mi , 
moreover, that Just aa It would be suteidal for tbe Ad¬ 
miralty to alter their naral dlapoaitton# and te dis¬ 
tribute oar naval faroaa ap and down the coast far the 
ostenriMe protartton at every seaport, an tbe vMipfa. 
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qbkk u* ob^toway always open to Zeppelin aaMutt" 

teaneto to Zeppelin ateMp* la the tboro comments to 
t modi larger one then the eedmete given In the earlier 
part of thU article, namely, 600 mile*. It will be in- 
emetine to aee If the oversea voyegee of any airship 
doling the p r ew nt war should exceed tbe latter limit 
lb a leader on the anbject tbe Timet remark* that It 
Is slgdfleant that In this trial trip no attempt was 
made to reach London or any spot which might be sup¬ 
posed to poamee considerable means of defense against 
sir attach; also that minor reasona for tbe raid Include 
the preeelng neewrity for convincing tha German peo¬ 
ple that the Zeppelins are net tunics* toy*. They can 
hardly be Mid, after six months of war, to have Justi¬ 
fied tha large expenditure which has boon incurred on 
their behalf. This does not Imply that the principle of 
rigid alrahips for ovenea work Is wrong; the smount 
of capital and energy expended on this particular brand 
of aeronautics by Germany may have been misdirected, 
end Gnat Britain baa never taken the airship seri¬ 
ously a* a problem to be dealt with summarily and 
urgently, so that, so far, tha Investigation has never 
been carried to a logical conclusion In this country. 
Germany, previous to the war, bad sunk £900,000,000 
on her navy, and she must have spent a consider*hip 
sum In experimenting on airships, but It would have 
been far mare worth our while to have spent more than 
she did In order to decide once for ourselves whether 
snythlng could be made of such delicate and vulnerable 
engine* of war or whether they conld safely be neg¬ 
lected. If they should provo lo be of any use at all for 
ovenea nconnalasanco, It la logical to naanmo that they 
would be of more service to ua as I be chief mnritlmc 
power than to the German* 

In some of the later accounts of tho Yarmouth air¬ 
raid It was stated as a surmise that six Zepiiclln* took 
part In the enterprise. As this statement waa not haacd 
apparently on tha accounts of credible eye-witnesses, It 
probably owes Its existence to Information furnished by 
the enemy. Referring to this Mr. T. F. Furman, writ¬ 
ing In the Field of January 30th, said, lu the course of 
ail article an 'The Zeppelin Retd": 

"If the announcement be true that the Zeppelin raid 
on Yarmouth and the coast of Norfolk had been care¬ 
fully pr epared, and that after waiting a whole mouth 
for propltlou* atmospherical condition* six dirigibles— 
Zeppelins or other type*—started from Cnxhaven or 
Helgoland, or soma from each of these place* with the 
Intention of spreading terror In the mind of the British 
nation. Oonnt Zeppelin must be rather disappointed, In 
spite of the congratulations be received from the Kaiser 
and the enthusiasm with which tho news of the exploit 
seems to have been received by the whole German na¬ 
tion. Every rlrillaed man or woman who Is not imbued 
with German ‘Kultnr’ must sincerely regret that a few 
Innocent women and children fell vlellma to the projec¬ 
tiles dropped from these Zeppelin* and that a certain 
number of bouses were wrecked. However, If the all 
German dirigible* all reached the English coast, or. In¬ 
deed, if only two of those airships succeeded In crossing 
the Channel, tho result of their attack waa pitiably 
small In comparison to tho extraordinary effort made, 
the risks Incurred, and especially Ibe much vnunled 
power of destruction of the aerial dreadnought* All 
the evidence which hun been forthcoming renders It 
almost Impossible to believe that If six dirigibles started 
on the murderous expedition they all arrived ovor the 
English coast, and If they did not, It would be Interest¬ 
ing to know what became of them. Also there Is no 
evidence that even those Zeppelins which dropped tbe 
bombs on Yarmouth, Bandringham. etc., returned safely 
to their abed* wherever they may be situated. How¬ 
ever, In spits of tbe telegram from Leyden stating 
that flabertnen n* a dirigible thunder In tbe North 
Bee, there la at the moment of writing no absolutely 
convincing evidence to prove tbe contrary, tha whole of 
tha fleet, erven If some of tha aerial vemels had to turn 
back before they reached their destination, may bare 
returned wtthout disaster to Germany or to territory 
occupied by the German army. Tha weather was moat 
gxosp G onany favorable for the exploit The speed of 
the wind did not exceed 4 or at most B mMrri a second, 
that Is to My, It was blowing between nine and eleven 
and a quarter miles an hour. 

Trom a sporting point of view tha voyage of a fleet 
at six dbtgiblM across the North Baa from Ouxhaven 
Ur Norfolk and tta return to Germany undoubtedly la 
rema rk s rt * but It la far from demonstrating the mill 
- buy rates of those vernal* Ob the contrary, it goes 
flU to prove that tt they cm net hy surprise their pilot* 
are o Ma otoe * that (hay must Imp out of reach of boa¬ 
ts* gee* and above aR, avoid firing aeroplanes the 
ehauMDf sighting them. It wSt be muted that after 



be kut In the mist and darknra* and over which tha 
aeroplane could not follow them for any very long dis¬ 
tance without being provided with a specially large 
tank full of gasoline. Moreover, though the sphere of 
action of a Zeppelin la very considerable It la not unlim¬ 
ited. Carrying a ton of explosive* It Is a very generous 
estimate to admit that It may be capable of traveling 
TOO mile* and to effect such ■ voyage the atmospheric 
conditions must be most favorable. Cuxbaven Is sepa¬ 
rated from Yarmouth by n distance of about 285 mile* 
hut the Zeppelins which crossed the North 8ea lingged 
tin* Dutch coast and only steered In a straight line to 
Norfolk from Ameland Island. It may, therefore, ho 
calculated they traveled some 3(10 or 310 miles liefore 
reaching tbe English coast With the return Journey 
the distance covered was betwoen 000 and 020 miles, 
which approaches the maximum these vessels could 
travel with any reasonable chance of success. Conse¬ 
quently, even If they had had nothing to four from fire 
from the earth or from altacks by British arlnns. Ihej 
could not have ventured to extend llielr voyage as fur 
ns London. It la true that dirigibles starting from Bel¬ 
gium would have a shorter distance to cover to reach 
Ihp British capital, but tt Is sufflctcntly considerable to 
make them hesitate lo nndertako it except under very 
propitious condition* to say nothing of the danger they 
would run from attack hy aeroplanes and lire from the 
earth or from vessels of war ut sea. That the German 
aeronautical authorities are loath to exiiose their dirig¬ 
ibles to the attack of avlons has hecu demonstrated by 
the manner In which they carefully avoid sending them 
on missions during the execution of which they are 
likely to encounter any of them." 

To return to onr chronicle of aerlnl raids, an nfflrial 
statement hy the Admiralty showed that: 

"On Friday, January 22nrl. twelve or thirteen Ger¬ 
man aeroplanes appeared over Dunkirk at 11:30 A. M. 
and dropped bomb* 

“No particular ilamnge was done, except that a sbed 
In thp docks was set on Are. One of the bomhs fell Just 
outside tbe United State* Consulate, breaking all the 
windows and smashing tho furniture. 

"Belgian, French, and British naval and military air¬ 
men engaged the German aeroplane* one of whleh whs 
hrought down by a British military machine Jnst over 
the Belgian frontier. The German aeroplane, pilot, and 
paasenger wore raptured. 

“During the day riaita were paid to Zeebruggo by 
Squadron Commander Richard B. Davies and Flight 
lieutenant Richard l'clrsc. Twenty-seven bom I* were 
drop|)ed on two submarines and on the guns on the 
mol* 

“It la believed that one submarine wns damaged con¬ 
siderably, and that many casualties were caused among 
the guns’ crew* 

"In making a reconnoitring night before this attack 
Squadron Commander Davies wss on one occasion sur¬ 
rounded hy seven German aeroplane*, but mannged to 
elmlc them, He was slightly wounded In tin- llilgh on 
his way to Zeohrugge, bnl continued his Bight, iiccnm- 
pllshcd bis mission, Hnd Is now progressing sattafnc- 
torlly." 

“On the 23rd of Jannnry n Turkish lrnns|sirl coin ey¬ 
ing sixteen aeroplanes for the Turkish army In Hie 
Caucasus was sunk by a Rnsslan war vessel, and on 
tbo Kith of January a German dirigible, while attempt¬ 
ing to bombard I,than, was brought down on the Baltic 
by artillery Are, and wai subsequently destroyed and 
Its crew captured." 

The Teasel tn this case waa a rarecval. Some lnlrr- 
r*Ung details of the raid on Dnnklrk were given hy Iho 
Rrttlah "Bye-Witness" In the following terms: 

“One at our aeroplane*—a single-seater—w«* on 
patrol duty, when the observer saw several hostile ma¬ 
chines approaching. He at once gave ehaso to tbe first 
hostile machine and opened fire on It Meanwhile two 
other British machines started from the ground. It 
took them some little time to ascend the height of (1,000 
feet at wbteh tbe action In tbe air wss proceeding, dnr- 
lng which tbe British machine which had been on patrol 
had succeeded In driving off with Its Are (he two lead¬ 
ing German machine* Ten other* however, had come 
up by the time that the three British machines were 
all In action. After the Germane had dropped several 
bomba ova the harbor and town tbe whole turned and 
flew back toward their Hue* Onr aeroplane* imraned 
and hrought down one German machine, by a hnllet 
through on of Ita cylinder* The aeroplenn was cap¬ 
tured, together with Ita pilot and observer and eight 
nneiploded bomb* The observer was armed with a 
double-barreled pistol tor firing chain shot In face of 
the heavy odda against them this feat on tbe part of 
onr aviators waa dlatlnctly meritorious. The damage 
don* fay tbe raiders waa slight" 

The last attack hy aircraft recorded np to tbe middle 
of FebrMry was a awles of combined aeroplane and 
flMidtM H i ratKm i wfcfctt ween canted m hy our 


Naval Wing, as announced by the Admiralty on tho 
night of February 121 h-lBlh—"during the last twenty- 
fonr hour*” the object being to prevent tho develop¬ 
ment of German unbrnarlne bases and establishment* 
HDd which covered the districts of Zcebrugge, Htankeii- 
herghe, and Ostend. According to tho official report: 

•Thirty-four naval Hi-roplnne* and seaplanes took 
part. 

“Great damage waa reported to have been done to 
Ostend railway station, which, according to present In¬ 
formation, has probabl] been burnt to the grnnud; the 
railway station at Blankeubcrghe was damagod and 
railway lines were torn up In many plnces. Bomba were 
driipisal on gun positions Ht Mhldlekcrkc, nlsw on the 
lamer station Hiid German mine-sweeping vessels at 
Zecbrngge, hut the damage done was unknowu 

“During the attack the imu-liliiea encountered heavy 



"Flight Commander Grahunie While fell lain Hie sea 

"Although cxiKisod to heavy giiu-llre ... mill 

aircraft gun* mitrailleuse* Hr., nil pllols relumed 
wifely. Two muehliies were dninnged. 

’The senplNia-s nnd aeroplanes were under the com¬ 
mand of Wing Commander Samson, .-mslstiai hy Wing 
l’niiimniider Tsnigmorr null Kqiuidnm Commanders 
Forte, Courtney, nnd llnlhbone." 

This Hlnlemcnl Is distinctly Interesting on nccount of 
Hie nltciupt ill luisly demolition of liiilldlngs and objects 
In connection with (he enemy’s nerve centers, being oil 
Hie largest seale lip lo dale lo Is- carried out by heavier- 
than-alr machines. The axet-iidlng scale of numbers 
employed for Npcclllcnlly aggressive purposes In these 
raids Is worthy of note, iis well a* Hie extraordinary 
comparative Immunity of Imlli men nnd erafl to damage 
b> the enemy’s fire. II la to lie lioissl (hat wc shall ho 
able to obtain In time some Idea of the damage done by 
our airmen ou I his occasion. 

Equilibrium or the Body* 

Tna position of the eyes in the Italics nnd birds indi¬ 
cates tliAt tlinir area of vision without moving tho head 
must ho considerably larger than ours, nnd their sensn 
of equilibrium therefore different. The swimming art 
i* performed by tho pectoral fins nnd folium, whilo the 
dorsnl and ventral flns regulate tho balance of the tasly, 
which la to right or left, similnr to that of tho birds. 
That the lmlance la to right or left mil he olworved with 
especial ease in tha sparrow, which cornea In flocks, 
while on the ground, rushing or fighting for food, the 
wings are not always entirely extended; frequently one 
wing is almost resting on tho cheat for an instant while 
its mate is stretched lo ita full length. 

In Iho human body the equilibrium is kept up some¬ 
what differently, being more of a |>cndiiliiin-llko motion, 
to and fro, when walking on smooth, level ground, tho 
sacrum describe* a continuous horizontal wave line, and 
if a disturbance of balance occurs, (hn body usually fall* 
forward, seldom to one side. 

The nsrillana ill tho Italic* ami a fuw other marine 
animals can Isi regarded as annunciators which foil that 
something is passing outside. Whether the osseous 
labyrinth in our own ear is or (he sumo eliaraeler, or not, 
or whether it i* merely an apparatus to aid in preserving 
equilibrium, is not known with certainty. Neilluv do 
wo know whether wo really wsi objects in their right 
position, or only seem to do ho through lialiit, for they 
must bo reflected upside down on the posterior part of 
the crystal lens of our cyo. 

Judging from the way pigeons, especially, tip their 
head* to ono side to see where food u thrown on the 
ground, some lack in their forward vision is indicates! 
and it would Ihun-fore *oem that seeing the tips of both 
wing* in tiio same sidewise glance were of more im¬ 
portant*) Ilian direct forward vision. This ability to 
soo both sides at once is an odv outage which aviators 
do not possess. 

Above a flat country, and an altitude of 10,0(10 foot, 
or more, tho horizon is beneath the ovialiu- and therefore 
his foclinga about the right position of his aeroplane 
are lessened. Then, too, not ]uuwing any objoot, and 
being continually met by a strong wind, tho airship 
teems to bo standing perfectly still, and tliis produces 
a sleepy monofonousness which tends to make tho 
aviator not always on bis guard. 

l.xauK quantities of hydroehlorlte of soda are used 
In I he laundry of a large English hospital, where It Is 
found to bo effective In destroying micro-organisms 
and removing italn* without appreciably Injuring the 
fabrics. This solution la prepared on the premises by 
the elect roly *1* of a 4 per cent solution of common nit 
In water. With an expenditure of 10 amperes direct 
current at 220 volt* Itvche gallons of the hydroehlorlte 
solution are produced per hour, which is diluted with 
ulna times Ita volume of water for use. 


•Magus W mtarpM la Msw Oswrertw. 
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Wireless Transmission of Energy—I* 

An Explanation of its General Nature and Relationship to Transmission By Wire 

By Elihu Thomson 
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other was connected by ■ wire 4 or n feet Ion* to n 
largo tin reeeel supported on a tall glam Jar, lusulatliig 
tlio tin veasel from Ihe lecture (able. Tlic coll liad an 
automatic Interrupter for the primary circuit, and when 
In operation Ihe terminals of Ihe secondary were ap¬ 
proached ao that a torrent of white sparks bridged the 
Intcrvel between them, the gap being about ti ltjchoa or 
ho In length. Mg. 1 ahowa this arrangement. When the 
coll waa worked In this way. It was found that a finely 
Nharponcd lead pencil apprunehed to Incipient contact 
with any motalllc object, auch bn door knoba within the 
room and ontaldn thereof, would chuhc a tiny apark to 
appear at the Incipient contact between the pencil point 
and the metal. This, of course, whn not a very delicate 
detector, but was Improved, aa In Fig. 2, by putting two 
sharpened mints In a dark box, a device due to Kdlson. 
One or both points were adjusted so an to mako Incip¬ 
ient contact^ and the tiny spark obw-rved between the 
Imlnts waa an Indication of a shock, commotion or ware, 
electrical In Ita character, In the elber anrruiiudliig the 
tin vowel mounted on the glass Jar. Tbo tesla tor de¬ 
tecting the Impulses were carried on not only In nanus 
mi the aame floor, bill on tho floor alane and on the 
Hour alaive that, and Anally at the top of the building. 
Home no feet awny, In llm natronomlenl observatory. 
Melullle pieces, even uiH-niinccIcri lo the groninl, would 
yield liny s|tirks. not old) 111 Ihe linxcuiciit nr the Imlld- 
tng, but In the highest imrt, with aeveral floors and 
walla Intervening 1 mention tills old cx|icrimeiit par- 
llculNrly hern me U Iran In It Ihe clenienlN, of courxe In 
a very crude form, of wireless transmission, the wire 
mid Mu veHNcl ntlnrhed to one terminal of the coll Mug 
n crude nnleuiiii with IIh siierkgap connection to 
ground, as nflcrwarda need In wlrelena work by Mar¬ 
coni, and It also ahowa a rudimentary receiver or de¬ 
tector, a metallic laxly arranged In connection with a 
tiny murk gap, mi that electrical oaclllatjiina In such 
laidy would declare thcmaelvpn by a fHlnt. spark at Ihe 
gup II wna understood by ua nt the time that after 
CHi-h dlarhurge of Ihe roll there was, aa It were, a shock, 
or wave In Ihe ether consisting of a quick reversed elec- 
trlcul eundltloii, and It wna even Imagined that them 
might Is- In lids pns-ess Ihe germ of a system of sig- 
iinllng through a|mce. Tills old work was almost for¬ 
got len when It waa rccnMcd hy the later work of TIerls. 
ulmnt las", who denioiiatrated by anllalile electrical 
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apparatus that waves of Llie general nature of light or 
heat could be generated, which waves are transmitted 
with the velocity of light, 188,000 mllea per second, and 
Mini hy HUltable resonators or detectors these waves 
could lie made lo declare Ihemselvea by tiny sparks. 
The Herman oscillator waa, aa It were, an electrical 
tuning fork, having nn actual rate of vibration peculiar 
lo Itaclf and dependent on Its form and dimensions. It 
wna fed with onergy from an Induction coll and across 
Us spark gap an oscillating discharge look place, which, 
at each Impulse, died out like the discharge of a con¬ 
denser, hut during this discharge It electrically stressed 

trlciil wave was radiated In certain directions from the 
imclIlHlor. It whs found that these warn could be re¬ 
fracted, reflected and polarised, and, In general, dealt 
with ua extremely coarse light or heat waves. We shall 
refer to these, huwover, farther on. The general result 
however, of tho Hertzian experiments was to connect 
electrical waves In the other surrounding the appamtoi 
with Ihe light and heat waves and prove the Identity of 
tho two kinds of radiation, tho differences being only 
llinse of wave length or pitch. 

Since the Hertzian waves were sent out from the 
Hertzian oscillator In subetantlally straight lines, and 
since In tho early days of wlrelena telegraphy It waa 
common to regard wireless waves as of the same nature 
or as almost Identical with Ilertxlan waves, the fact 
(hat tin) wlrelena waves were found to follow the curva¬ 
ture of tho earth became a dlRkmlty to be explained. 
Speaking for myself, T have nevor fonnd the difllculty 
to exist. There la really no reaeon why the wavea 
Should not follow the curvature of the earth, aa It will 
be one of my purposes to show. We will, however, ap¬ 
proach I ho conditions of wireless somewhat gradually. 

We will first consider an ordinary wire tranambarton 
of Ihe simplest type. L*t ua assume a line of wire, as 
In Klg. . 1 , Insulated and connected to ouo terminal of 
the battery while the other terminal la earthed or 
gronnded. A simple telegraph system or open circuit 
would represent Lhls arrangement The only effect Is 
that the battery supplies a small charge to the line, pro¬ 
ducing a potential difference between the insulated line 
and the earth, assuming, of course, that there la no 
leakage of any kind lo disturb the conditions. As soon 
aa Ihe charge Is established In tho Une at the full poton- 
llal of Hie battery, which, In ordinary cases, would take 
plsro within a very small fraction of a second, a steady 
nr static condition Is reached, which might be Indicated 
hy electrostatic stress Hues drawn from the wire to Ihe 
ground, ss Illustrated In Fig. 8 by the fine dotted lines 
connecting the horizontal line to the ground siirfixoo 
Mow If Ihe wire be viewed on end (Fig, 4), we moat 
repreaent these stress lines as extending out radially 
from Ihe wire and (tending over to meet a eoinrtderable 
isirtlon of the ground surface Mow. Aa this arrange¬ 
ment Is constituted, there la no energy transfer and the 
condition la static only. If now Ihe fnr end of the line 
N nnrthed, an through an Instrument or device which 
uses energy, as in Fig, B, at tho moment of such con- 
111-011011 there would he a lowering of |ho Intensity of 
Ihe sires* toward the receiving Instrument and the line 
would bo discharged were It not for (he maintaining 
action of Ihe Iwltcry. which still ki-oita up the differ- 
vi«v of | top-Mini between line ami ground. If the Une 
Is without reslstnitce, this iNitrntlal will have the same 
value nil along tho line, especially If the line Is of uni¬ 
form section Htid of uniform distance from the ground. 
The moment, however, the Instrument at taka 
energy from the line n current Is fonnd In the wire and 
it reluni In earth, find there Is. ao to H|ietik. a flow of 



np.i,iudi. 


aiiergy In Ihe spneo between the wire dnd (be earth am) 
In the el her surrounding Ihe wire, In the direction of 
the arrow ; tlrnt la, from the generating end to the re- 
celvlug end. Surrounding the wire at this time there 
will Is- a magnet Ic Held, which may be represented by 
whorls or lines of magnetism, ao called, wrapped around 
Mu- wire like ao many hoops of all sizes (Fig. A), ex- 
pnnillng lu size sway from the wire In all directions; 
mid a similar magnetic effect, of course, la also produced 
by the return current lu the earth, But, on account of 
I he conditions of conduction In earth being very devious 
mid Irregular, It would be difficult to map the mag¬ 
netism generated. The system of magnetic whorls ao 
dovoloped on the flow of the current In the system 
reaches, for any definite current, a definite density after 
a short Interval. In other words, the density of the 
magnetic field between the wire and the earth Increases 
only up to a certain point If tbo current, however, be 
doubled lu any way, that Held la doubled In density or 
there nro twice as many lines pecked In the space 
around Ihe wire. If now we took Ins toed of an earth- 
connected circuit one In which there are two wires ex¬ 
tending from tho gone ruling battery or generator, the 



conditions will be the same except that the stress lines 
will now radiate from each wire and connect the wires 
by lines directly between them mud by other curved 
lines outside. 8ueh lines, or otherwise conceived “tuba 
of force," represent the static field or the density and 
directions of electrostatic stream In the electrostatic 
field where one wire will be positive while the other la 
negnMve. If, as before, the ends of tho wires are free 
or open-drculted, no energy la transmitted, and the 
mere static straw! exists. If, however, the wires are 
connected through an Instrument receiving energy or 
utlltiing tho energy, then the magnetic ay stem Is devel¬ 
oped, surrounding each wire and passing between the 
wires, and on the establishment of any given currant 
these Una accumulate at a rapid rate until. In a small 
fraction of a second usually, a limit la reached. The 
magnetic field may then be aid to be fully developed. 
Outside of the pair of wire* the magnedo disturbance 
extends to very great distances, but Is necessarily weak 
far away. The magnetic whorls In this case do not 
center themselves lu circular paths around tho wires 
and nt equal distances lherefrom, but between the wlrm 
they are more condensed or poshed toward the wires 
I hemaelvca—crowded, ao to apeak—while outside of tho 
wires they expand (Figs. 8 and 0). It must be remem- 
iwred that these lines of force are merely symbols for 
what may be llkeneff lo a magnetic atmosphere. They 
Indicate tbo density and direction of certain actions In 
the ether, called magnetic. It will he Important to note, 
both In wire and wlrelea transmission, that tho energy 
Is transferred in the surrounding medium. The wire la 
ordinary wire trsusmlaalon la, In fact, a sort of gnUUng 
center or core around which this ether disturbance 
carrying the energy exists. The wire may be bent or 
colled, expanded or contracted without altering the 
essential nature of tbe proooo. Bo fir, than, ordinary 
wire transmission la really a case of wlrelea transmis¬ 
sion, with tbe wire for a guiding core for tbe energy 
(Fig. 10). 

It would take ns too fir to attempt to explain or 
theorise on tbe modern view of the passage of electrons 
In tbe wire forming the current, and the Add they carry 
with and about them In giving rise to the linage la¬ 
the ether surrounding them. BaBce It to ay that a 
moving electron must not only be acoemneulad or sur- 
nmiHlet! by tbe static atrea field which it product* In 
the ether, hat also hy a magnetic effect mxacotti* the 
wntrfrjt ,Whsa g oaropi 
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nlM It nay be Hid to bore reached t »t*ady Mate. It oypoeita TUI* may bo tendered clear by ititles that plui and minus with respect to each other, and allowed 

would »“»" be a continuous current of constant value, while one iwrtlon of a very Ions line might be positive to discharge across ibe gap. The charges are then In- 

Energy can be steadily extracted from such a system to earth another portion half a wave-length distant terehanged between a and b at a very high rate, thongh 

only by introducing some apparatus connected with the from the Aral along die same lino would be negative to the whvcu decay nipldlj. and the system vibrates only 

wire which la the guiding core for this energy. « 

Let us Dow Consider the case of current of a different tl 
character, a fluctuating, or lietter, an alternating cur- o| 
rent Jwt us aubntttute f 

lliraduu there can be nodes und represented by nny Initial charge would be dissipated 

ltlona ure selected for obtaining In die ether lu these ether waves. Marconi, however, 

dotted verttcnl line Indicates the In hl» development of wireless telegraphy did not use 

We may thus have so-called sta- the eomplele HitIkIhii oselllidor. In setting up his 

(Fig. ia>. 



more wires Iw Involved, as lu a throe-phase ultemat 
current circuit. By couuectliig uny two of die wl . 
through au energy-receiving apparatus tt (Fig. 11), the 
same action that takes place with the continuous cur¬ 
rent may be reproduced except that the energy now 
cornea lu waves and Is not a continuous flow. In ordi¬ 
nary cases there are sixty complete waves or complete 
changes from plus to minus and back to plus in each 
second, and the system la then called one of 00-cjdo 
frequency. A further Important difference la to bo 
noted between the alternating-current condition and the 
continuous. The action In the ether around and be¬ 
tween the wire* la now in tho form of waves, both mag¬ 
netic and electrostatic. Between wires there la on In¬ 
crease of electrostatic stress to a maximum, a diminu¬ 
tion to aero, a reversal, etc. The magnetic field also 
rises, falls, reverses, and so on synchronously. The 
condition la no longer static, the medium around the 
wire* la lu a dynamic state, end It la now possible to 
abstract enrtgy steadily from It without actually di¬ 
verting current from the 11 no. We can. In fact, by such a 
system produce in neighboring conductors similar dis¬ 
turbances or currents, and along with these disturbances 
we may deliver energy. 

The alternating-current transformer la then merely a 
dovlce for bringing two or more circuits together as 
near as possible and enhancing tho magnetic values 
which wony normally exist around such circuits by the 
addition of 1 an Iron atmosphere, the Iron core, so that 
the greatest possible transfer of energy from one (the 
primary circuit) to the other (the secondary circuit) 
may be accomplished. But In the wire Itself, which 
leads from an alternating-current source, since there is 
an action railed a current which changes, pulsates, or 
alternates, we have alao around the wire core waves in 
the ether which. In feet, spread to very greet distances; 
some small portion of tho energy of each Impulse not 
returning to tho system, but passing outward Into spece 
as radiated energy. 

This radiation may be a very small nmeant tier cycle, 
especially where the outgulng anil return wires are near 
together and parallel, and with low frequencies, such 
aa 80 cycles, on account of the loW number of waves 
per second and the low apoed or rate of change lu the 
fluids surrounding the wire, the amount of energy car¬ 
ried off by free radiation Into space Is indeod negligible. 
Bat If we raise the frequency we raise the amount of 
energy which ran be radiated proportionately to the 
number of waves per second, and we also make the rate 
of change higher and the wave slope* steeper, so that 
aa the frequency rises the radiation factor becomes 
mere and more Important lu dissipating the energy of 
the system. It la dUTmed through apace around the 
electric system at work and passes off to Illimitable dis¬ 
tances. Rlnce these Impulses In the wire, the electrics! 
waves seat along the wire (with the wire as a ruldtng 
core), din at the maximum move with the speed of light 
—1£6^)00 miles par eeocmd—It follows that If the line la 
anOctently long or the tranamlssloo suOdently extended 
or the path of radiation nffldeatly distant the wire 
St rum or fields mrcarreota caa exist at afferent ports 


of potonflal between tile cumliiflorx thus arranged. fho 
radiation faelor may at lust lieciaue very important, so 
I hut If i he purls of tlic circuit are far apart, free radia¬ 
tion Into sluice may dlu|«»e of n large fructlou of the 
energy sent out In the Itcrtxlnn wail Inter, deducting 
Hint lost In the spark gap, practically the whole of the 
remaining energy supplied lx radiated Into xpnee. The 
wave frequency may lie very many millions ix>r xecoixl, 
ami the waves produced are In the nature of coarse 
light and heal waves. Fig. 14 rxpuipUflox dlngraiu- 
niatlcally the fact that with very high frequency wnvex 
h conductor carrying xucli waves will have surrounding 
It, If (he apace Is unreslrleled, magnetic systems of linen 
reversed lu directIon with nixies IxMweeu, the dlxtuncc 
"Part of these waves or inxlen being determined liy the 
frequency In relation to list velocity of lighl, i-mii rmu- 
plote wave outside (lie wire occupying u length equal In 
(lie veltxity of light, 1MU»0 ml lex per menial, divided 
by tile wavelength or frequency. 

Figs. Ill mid 10 represent fornix Ilf llcrlxliin oscillator, 
conxlxtlug of plates or spheres nil of mi-lul. xe|uinitfd 
by a xiniill N|mrk gap und cluirged In nny- nullable wny. 
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which could bo charged and which could discharge to 
Ills sheet through a small air gap. In this arrangement 
hot only would waves be sent out Into the surrounding 
ether sluice, but there would Iw current traversing the 
xlieet ua waves of current aruuad the spot where the 
discharge of tho Insulated body took place. In fact, 1 
think It would be possible to represent experimentally 
a modern wireless system with a diminutive antenna to 
represent the IranxralUing station, and extended copper 
sheet lo repnmeut the earth’s surface, and wtth Inves¬ 
tigating or receiving nntcnmc set up here and there or 
.veil from point to point on tho extended surface. 

Here, although the disturbance ami the energy con¬ 
veyance Is In the other around tho antenna (or the part 
representing the hnlf of the llcrtxlan oscillator), the 
energy Is guided lu Its direction by tho curreut In tho 
shoot representing the surfeit; of the sea, Just as In the 
wire transmission the energy Is guided by the wire aa 
n core. On account of tbe enormous extent of tho 
earth’s sou surface. Ihere Is uu need of a return circuit. 
The energy sent out moves hi all directions, guided by 
Hie conducting water surface or land surface, as the 
case may be. There will necessarily Iw a rapid allenna- 
llmi or tho energy as It leaves I he sending or trans¬ 
mitting iinicnna and spreads mil Lu fill a wider and 
w liler sluice around lb The higher the sending aiileiinu 
Hie greater the distance which can be reached before 
Hie attenuation Is t<sj great for luqiartlng signals. 

U-l us consider for a moment by the aid of a figure 
Hie set Ions which must occur In wireless transmission 
on the sending out of energy from the transmitting an¬ 
tenna. Iteferring to Fig. 17, wo will represent by t >—e the 
surface of the earth as U It were fiat, and for moderate 
distances this will Iw substantially the case. We will 
'•not mi that Hurfeoe u tall mast A of conducting wire 
or wires which, at tho top, shall have an extension to 
Inrrpuse lls cnpucMy. This might Iw u largo lull of 
sheet metal. 1 snaily, for construction to lx- practicable, 
It Is n eel of wires- u sort of cage or n skeleton body. 
.Now. by liny system. Inductively, contlni-llvely, or other¬ 
wise, or by whut Is known os close or loose Inductive 
coupling or whut uol (Figs, lit, HI, 20) we cauae elec¬ 




negative, many thousands, even hundreds of thousands, 
of times per second. In oilier words, we Impress a 
high frequency wave upon thla vertical mast. Wo will 
try to present an limlantaneoua picture nr form nil In¬ 
stantaneous Imago of what tho condition Is at the begin¬ 
ning of the prow 


Fin. 18, 14, 18 ui 18. 
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Hie Thomee MINtur Tnetor Btpteee 

The annexed photograph give* a good idea of the 
Bciioral appearance of the latent military tractor biplane 
to be constructed for the Government competition, 
which wan held laat fall at Hau Diego. The Thomee 
military uiavlilue liaa all the up to-date feature* re¬ 
quired by till! Government anil even with the 00 horae- 
IMiwcr Auxtro-lbitmlcr uiutur uw.il, it lute ahown remark- 
iilile H|iecd varlatlou aud great climbing alilllly. With 
a motor of IDO horw> power, which In wlmt la being 
lined clilctly abroad on iiillllury luiichhieM nowailHya, thla 
iiiiicIiIik- would la- npuil to uny or thow taking part lu 
the preseiiL war 111 Kurope. 

'J'lie wing curve used In the planes of this new ma¬ 
chine la that designed and tested by M. KUTH and 
r<»un<l lu luive the extremely high lift to drift ratio of 
1 to at. ItesIdiH tills It Is jiartlcularly adapted to fast 
climbing wllh a load, the machine having ascended 
4,0110 fivt In tell minutes (800 ftirf In Llie first minute) 
with pilot, two passengers, and a four honrs' supply of 
fuel. II lias also ib-vebqMil h H|*i*d of 82 miles tier 
hour when fully lianlcil anil lias flown as low aa 88 
miles |mt hour. Hmlilcs fuel and oil for four hours 
the muehlue Is llgunsl to carry an additional load of 
4IIO pounds. 

The dlniensliaiN of thla new tractor aro .'HI feet spread 
with a 6-fout chord und n fl-fout gup. Its overall length 
Is 20 feet It Is provhlisl wllh a simple running gear 
of the two-wheel two-sklil type, 20 by 4-luch tires of 
grant resiliency lining lilted, the tisual rubber bund 
shirk iilmorls-rs Is-lng iiwsl ns well. Allerona are filled 
to lsrf.li ends of i-neli plane and are operated elllier by 


construction of the fusel* gs, all tha tongUtMUnal maaa- 
bera being of I section and taparud to reduce weight 
The struts and cross m ns ben arc attached by meant of 
stool eliiw so that no holes arc drilled In the longi¬ 
tudinal mem hem. These clip* aud all the turn bookie*, 
I-bolts, etc., are of steel haring a high tensile strength. 
Following la n table of the requirements made by the 
army and the actual performance of the new Thomas 
tractor. The weight of this new machine empty Is 
approximately 1,075 pound*. 

n. a. ashy aaqcinMKNTS. 


Mptsii .70 miles per boar 

I'sefnl loud .750 pounda 

Climb, fully loaded .4)W0 feet In 10 mlnutee 

Slow speed.40 miles per hoar 

I'rtHieller efficiency.70 |ier cent 

Inherent stability. 

snnjLTa or the thou as biplane, 

Hperil .81.1 miles per hour 

Useful load .800 pounds 

climb, fully haded ....4,W0 feet In 10 minutes exactly 

Hlnw sisihI .:w miles per hour, arqiroxlntately 

Propeller efficiency.75 per cent 


Very stable Indeed. 

German Railways and the War 

Tiie port played by tbo railways lu connection wllh 
I he present war has Is-en, and Is, of an exceedingly 
prominent character, birfh In Urent Britain and on the 
Continent of Europe, and the chairmen of the English 
companies, aa Is shown by the speeches delivered at 



scarcity of labor, It la amunad that important dtep»aeo- 
meats In traffic hate occurred by Oh railway Iranapert 
of eommodltiet which war* formerly conveyed by water¬ 
way or m route from the east to the weet of the Coun¬ 
try. In the cue of the passenger aervtee on the Pro*- 
■dan railways, Including troop trains, the Unsocial 
result* have been proportionately mors unfit vorshls 
than tboee derived from the goods service. Aa com¬ 
pered wllh the equivalent months In 101% the receipts 
from the pasarnger trafllc are recorded at B&fll per Oent 
In August, 40JW per cent In September, 01.80 par cewt 
In October, 76.36 per cent tn November, and 08.1 par 
cent In December. It Is caloolated that the reduction 
In the receipts from the good* trathe In 1914 has 
amounted to £13,000,000 <»«U»0,a»), and that teem 
the passenger trafllc to £%SOIAOOO (*82.501X000), making 
a total (Iodine of £10,000,000 (*07,500,000) aa compaied 
with the preceding year, when the comhioed receipts 
were £108,000,000 (*815,000,000). The Prussian Minis¬ 
ter of Finance, In the course of a speech delivered be¬ 
fore the lamer House on February 9th, stated that 
while the railways solely served the purpose of good* 
and passenger trafllc In tlmee of pence, they were a 
mighty and important Instrument In the conduct of 
war. tn announcing that the receipts from the goods 
traffic In December had risen to Ofl per cent of the total 
In the same month in 1018, aa previously mentioned, the 
Minister remarked that the development was au elo¬ 
quent Indication of the great extent to which the eeo- 
iiumh* life of the country whs again pulsating tod again 
flourishing. The proportion of working expenses to 
ri-ceifrfi had Increased, but any deficiency was expected 
to be met out of the equallmtlon fund, which was de¬ 
clared to exceed £10,000,000 (*80,000,000). 

If the German figures concerning the percentages of 
receipts are trustworthy and have not been prepared 
for public consumption, they certainly show remarkable 
results under the conditions which prevail In that coun¬ 
try. The coal Industry, for Instance, la only working at 
00 per cent of the normal output and a comparative 
scarcity of coal exists, while the production of the Iron, 
and steel trade* la only about an average of 00 per cent 
of the normal rate. But aa the export trade In coal and 
Iron and steel la Insignificant at the present tlma, nearly 
the whole of the output la being absorbed by the home 
market. With the limitation In other Industries It 
worn* Incredible (but the good* traffic could have 
reached In December within D per cent of the receipts 
which were corned In the corresponding month In 1013, 
aud the German statement may therefore be accepted 
with considerable reserve. At the same time, there la 
lc»» reason for doubting the assertions that the German 
State Hallway authorities have In operation seven Bos¬ 
nian, nineteen Belgian, and three French railways. In 
the working of which 42,000 Germans are employed, 
and that the sole object of the invasion of Bosnian 
I’olaud In September and November was the destruction 
of rail ways and roads wblcb might be af service for the 
Bosnian army .—The Engineer. 

The Schhmana Region of the Spectrum 

Betwers the shortest Schumann wave* and the 


tin- iihiiii l ilioiililer yoke or by imliilx, according to the 
mini I TIioiiiiin pi-ni-tln-. The wings nn> ciuered with 
high griiilc liu|Nirtnl Irish linen lint lug ii high strength 
|s-r Mqiiure Inch III Isrfli weft mid weiive. This Is sewn 


mi mid Ilii'ii Imiicil villli 5 to I) coals of Eiualllltc. 
The guys are iiinile of Buelillng el col i-nlilo, which Is 
doubled for safely, mid also nickel plnled wire of the 



lu the wires Ihemselu-s. Ucipite the complete Inelos- 
lug of llie power plHiil Is nnilli nu iilumliiliim bonnet, 
thus thoroughly protecting hiiim- and preserving the 
slreum line form of llie fileelnge. tlu- motor Is easily 
accessible mid can Is- quickly nuchcil In all Its parts, 
If Hiiylliltig mills attention. Throughout the whole 
iniii-hliit- imi-sslhlllty and quick iiasemlillug and dls- 
sciiiblliig of tin- iHirts linin' Is-en I lie ladula kc|it lu view 
In iiinklug llie design. Tlu- si nils nml wings enn lie 
very niiillly put tegellu-r or dissembled us Ihe wise 
may la*. Tin- fuelor or safely Is seven lu every |iart 
of flic iiiiielilne. This Is, we Is-lleve. somewhat higher 
than Is iisul on iiiuiiy aeroplanes. The machine is n 
two scaler ligvtog ■iliuiiliiliim bucket tyis- scuts suitably 
upliolstenil nml arranged lu lumleui. (in the dash- 
laainl III fnait of the pilot's sent lire fitted the usual 
gusollne pressure pige, revoliillon munter, luclhiomoter, 
barograph, nisi l‘l(ot (uls- ulr sisulotneler, na well as 
the switch anil gnsollne shutoff. The spark of the 
uiugncto may also Ik- adrmiced. The consumption of 
gnsollne'wllh llie Austro-Ibilmlcr motor Is hut 8 gal¬ 
lons per hour, while less than one half gallon of oil la 
moil. Tin- mahogany propeller Iihs shown qu efficiency 
of 78 per cent in Eiffel's laboratory teat It, too, has a 
factor of safety of aereo. White aah la used In tha 


llie minimi meetings which are now In progress, are, 
mi rurally'. (iingnitulntlng the shareholders on the 
hiiiisiI Initial with which working Iihs proceeded notwllb- 
siiimlliig tin- temporary (inigeslloii uf traffic since tha 
outbreak of (he war, under the administration of the 
executive committee of the general manager* acting 
under the directions of the Board of Trade. 

It may he Instructive to Investigate the economic ef¬ 
fects which have been brought about In the working of 
the German railway system since the outbreak of hos¬ 
tilities, as Is set forth In the newspapers published In 
that country. According to the figures Issued by the 
Htste Hallway authorities at the end of January, an 
enormous decline took place In ihe receipts from the 
goods traffic on the Pruadan railways In the month of 
August. Including receipts charged for military trana- 
ism puriawes, although a progressive Improvement en¬ 
sued In each succeeding month to tbo end of the year. 
TIm- recelplM In August, for Instance, are returned at 
41 AT i*-r cent of the receipts from goods traffic in the 
minirnlent month In 1013; In September, 08.73 per cent; 
OcIoIht. 70.(17 per cent; and Norember, 81.41 per cent; 
while for December, as wsa announced hy the Prussian 
Minister of Finance In the Prussian Diet on February 
01 h, the receipts amounted to 05 |ier rent of those real- 
1v«l lu the same month of 1018. If the figures eon be 
nlled upon as being accurate, the decline which took 
place lu the opening mouths of the war most be eoo- 
sldered to he small; the rrdoctiou. Indeed, Js said to be 
even less than what occurs in au ordinary period of 
receding commercial prosperity. As the production in 
many branches of trade, as, Cor Instance, cool mining, 
Iron and steel manufacture, ate, has been, and still lx, 
tar*riy restricted la cca ss qne oe e «< the comparative 


waves of llie X-rays there Is at present a gap In which 
file relation Is-twecn light and matter undergoes a pro¬ 
found elmiigp, aud while farther exploration of the 
nylon would undoulrtedly reveal results af the greatest 
vnlne. the difficulties In the way are enormous, fltill 
wllh the knowledge of other difficulties, apparently 
tolly as great, that have been successfully overcome by 
scientific Investigators, It would not be safe to say that 
anything is lmpoaalbte. Indeed, a considerable step has 
already been made In the desired direction by Dr. T. 
Hyman, who baa succeeded In photographing the spec¬ 
trum to wave-length 805, which 1* really a greater ad¬ 
vance than Schumann accomplished, In view of the con¬ 
tinually lncreaaiiig difficulties, and an account of thla 
work Is given In "The Bpeefruecope of the Extreme 
Ultra-Violet,” published by Longmans, Green A Co, 
London. 

A most interesting portion of this work Is the do¬ 
ts rlptton of the apparatus employed. The opacity of 
sir, glen, and floerti to the Schumann rays renders It 
n e cessary that the entire spectrograph aud source of 
light should be Inclosed In a vacuum, and (hat spactal 
materials should be used fur tbs construction of lenses 
and prisms; specially prepared photographic piste* am 
also necessary. Schumann made turn of a vaeunm spec¬ 
trograph haring prisms and lenata of fluorite, but Prof, 
Lyman baa employed a concave grating of one meter 
radius, which Is much simpler In adjustment and has 
the great advantage of permitting the determination *f 
wave-lengths. 

Prof Lyman also discusses tha absorption of many, 
gaum and materials tn th* region of short warn length*, 
as writ a* the wastes of various Hwm ffii f he wort' 
wtu be fttni te4tn*re*Me te three, wk* prtpoae tnvhi. 
Haattega I* dm uttea Mjma* ra*Ut. 
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The Uses of Light in the Treatment of Disease 


Its Value as 


From time immemorial the beneficial Influence of 
sunlight upon animal and vegetable Ufa baa bean renog- 
nUed, but It la only at the pnaent time that we are ap¬ 
probating ita foil value in the treatment of dlaeaae. 

The excellent and even wonderful remit* of hrfio- 
thsrapy in the treatment of bone tubcroulosis, to which 
attention haa been called within a recent period, will 
am aa an flhietratfcm. 

For obvious reasons, however, nnllgbt la not always 
available, and it baa tbeerfon been found advantageoua 
to maort to other sonrees of Ugbt. Thanki to the pro- 
pn made In eleetrieity, we now have at our disposal 
varioue mcani of obtaining light doaely approaching 
that of the aun in ita remedial action, and to thou mean*, 
chiefly, my paper will be devoted. 

It most be remembered that the thermic effect* of 
Ugbt are due to the impingement of the rays upon the 
translucent eutaneou* tissuea. The arreet of the light 
ray* by the sldn and robentaneou* itruetnres produce* 
redhuit heat which baa a higher penetrating power than 
oonveetkm heat a* generated by a hotwater bag or 
poultice, for instance. It baa been found that the tbermio 
effects of light extend to a depth of taro inches or more, 
while convection boat is principally exerted upon the 
surface. In comparing the therapeutic action of both 
it will be icon that the changes produced in the tissuea 
by the former are muoli more pronounced. Thus if the 
body be oxposod to an intense light, as in an electric light 
cabinet bath, the resulting hyperemia and elimination 
of waste products by the thin and kidneys (cellular 
nutrition) are much more pronounoed than in a Turkish 
or Russian bath. The marked augmentation of the 
oxidation processes in the tissues is shown by the grealer 
amonnt of carbon dioxide thrown off by the lungs and 
by the increase of solid* in the urine. It I* alau claimed 
that the natural drfenooa of the body (phagocytosis) 
are greatly promoted. 

The aoturic or chemical rays play an important part 
in phototherapy only when the light is concentrated upon 
a localised area aa in the use of the are lamp. Under 
these utrounutanoe* the actinic rays appear to enhance 
as well as modify the action of the thermic and luminous 
rays. Thus the ultra-violet radiations, which are actinic, 
have been shown to exert an anti-bacterial action sa well 
aa to promote local phagocytosis. 

The general application of phototherapy oonilst* 
practically in the use of the elootric light bath, and since 
much of the benefit to be derived from this agent will 
depend upon the apparatus employed, I will first give 
a description of what has proven to me to be the most 
satisfactory type of cabinet. 

An electric light cabinet should be constructed accord¬ 
ing to the following plan: The cabinet should be octa¬ 
gonal in shape, 4 feet square by 6 feet high; the lining 
should be of white blotter and not mirror surface; the 
source of light should come from 100 40-watt tungsten 
lamps, oonveniently arranged, so that they will be under 
control from within by properly placed switches, one 
half or full number of the lamp* to be employed, as de¬ 
sired. The cabinet should open at the top, not entirely, 
but partly so and it should have an sir vent 3 Inches iu 
diameter in the canter of the floor, over which is placed 
a low stool 18 inches Ugh, upon which the subject is 
seated. (It has been found that a ventilated room 
is muoh more quickly and evenly heated artificially than 
one that is closed or sealed.) The further advantages 
of this construction are that a Urge volume of tight with 
* minimum amount of heat U produced in the cabinet, 
that the emanations of noxious gases and odors from the 
human body are quickly carried off," that the degree of 
cutaneous hyperemia and diaphoresis is much more in¬ 
tense, and that the usual depression and other un- 
plcasant symptoms are entirely obviated, aa compared 
with the older form of closed cabinet. 

Among the conditions In which the electric light bath 
haa proved to be moat smvtaaUe are arterioecteroels 
(bmrishtng of the arteriea), gouty and rheumatic con¬ 
ditions, Bright's disease, diabetes, obesity and acute 
catarrhal affections of the respiratory treat. 

In the majority of caeca of arterioedsrosU In the earlier 
stages 1 have advised the regular use of these baths with 
beneflrial remits, and I firmly baUsve that they have 
warded off more asrioua affable ehangca whtih otherwise 
haerintir ansae. 

Tbaritaota at these baths arct 
, ). To tndooe intense hyp me ml a or red deni ng of the 
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an Efficient Remedy When Properly 

By E. 0. Titus 

sldn and thus reduce tlu< congestion or the deeper organs, 
which is frequently present. 

2. To itierease elimination by way of the lungs and 
sldn. It has been found that during and following the 
hath the elimination of cartxin dioxiil ia practically 
doubled, while the profuse perspiration produced carries 
away much toxic or poisonous material and in that way 
relieves tho overtaxed kidneys. As it is generally ac¬ 
cepted that toxemia plays an important part in the 
causation of hardening of the arteries, the iwnefit to 1st 
derived from this method is readily apparent. 

Rheumatic and Gouty Affection* -in late year* it lias 
been frequently pointed out that many conditions com¬ 
monly termed rheumatic differ essentially from the acute 
type of the disease which is very probably of barter!*! 
origin. On tiui other baud, there is abundant reason to 
believe that these uhroniu forma which have boon grouped 
under the names of rheumatoid arthritis, rlicumalio 
gout, ostoo-urlhritis, arthritis doformuns, are the result 
of aulo-inUixiuation and disturbances of metabolism. 
From what has boon said above it will lie readily under¬ 
stood that the marked effect of the denlrio light lath in 
inorooaing elimination will exert a lienelleial influence 
upon the toxemia In these eases and therefore prove ot 
material aid to other treatment. Tho distressing pains 
and stiffness in the joints are also greatly relieved as 
patients have frequently insured me. In chninie gout, 
which is more frequent in this oounLry tlian is generally 
thought, the action of light baths is to augment the 
cutaneous or peripheral circulation and in thnt way 
favor the absorption of uratie or chalky deposiu. 

It may be asked why a Turkish or Russian bath will 
not do equally well m tho conditions mentioned. My 
own experience lias shown that tho effect of tho light 
bath is much more pronounced and prolonged. 

Bright ’» Diarose.—Ono of the chief aims in the treat¬ 
ment of Bright's disease Is to lessen the work of the 
kidneys. The light bath will be found a bethT auxiliary 
measure fur accomplishing this purpose than the usual 
hot pack or steam hath. As previously pointed out, 
notwithstanding the profuse sweating induced, the 

leg off net of the light, energy upon tho peripheral nerves. 

Diabetes .—The light baths are not adapted to every 
case of this disease, but particularly to patients who 
present a dry skm with various cutaneous eruptions, 
especially of an eczematous character. The lsist re¬ 
sults are obtained where diabetes Is attended with high 
blood pressure. 

Obeeily .—Tho heat penetration In an oleetrio 'ight hath 
which, as already mentioned, extends to a depth of over 
two inches, stimulates the oxidation processes iu Lho fatty 
tissutw and promotes their disintegration in coses of 
obesity. Jt will thus prove an oxed'ont auxiliary to tho 
customary treatment. 

Acuta Catarrhal Affection » of Ihr Kraftiralary Trad. 

The writer lias frequently lu»d on opportunity to witness 
the beneficial effects of on electric light Iwlli at. tho lie- 
ginning of a cold in aborting it or greatly ameliorating 
its course. From personal cxponenm-N there can !«• no 
question of its superiority over the customary hot Itulli 
and diaphoretic (perspiralsin inducing) remedies. 

In the local applications of light Die following means 
arc avail ah'e: 

1. The are light, wltioh is host employed by means of 
an ordinary marine searchlight, with its glass front 
window removed. Tho ono I employ consumes 26 to 
36 amperes of direct current at 40 volts, and project* the 
light in parallel rays by moans of a 12-inoh parabolic 
reflector, and has a light value of about 5,000 candle- 
power. 

2. The high power inrandcsoent lamp with a carbon 
or tungsten filament of 600 oandh-power and provided 
with a dome reflector. The carbon filament uses 12 
amperes at 110 volts, while the tungsten lamp consumes 
only 3 amperes at 110 volt*. The former gives off more 
thermic rays, while the latter produces a greater amount 
of white light with a minimum amount of boat. 

As already mentioned in discussing the general ap¬ 
plications of light, it constitutes a means of generating 
beat within the tissue* down to a depth of two innhex or 
more, while oonveetive heat is far less penetrating, 
Moreover, besides the conversion of light rays into heat, 
we have to deal with the chemical actinio rays which 
also play a not unimportant part In phototherapy. 

The sum total of the combined effects is as follows. 
There is an increased local activity, as manifested by a 
pronounced hyperemia and an augmented tissue oxida¬ 
tion and etbnhtatkm. Thu effects of radiant energy, 
however, an not confined to the site of application, but 


Employed 


ore so diffused tluit remote effect* are produced in di*tant 
organs ami nerve centers a* a result of peripheral or 
cutaneous stimulation. It is easy to understand that 
Llic increased circulation, oxidation and elimination in 
Die affected part will relieve congestion and promote 
absorption of exudate* and deposits and the excretion 
of toxio materials. 11 Its* likewise been shown by physio¬ 
logical investigators llist the beat production in the 
tissues increases phagocytosis and thus enhances the 
vital resist once. 

Tlte rapid relief of pain and local spasm experienced 
from light therapy is due in a great measure to the re¬ 
duction of congestion aud to Usbuc relaxation, in this 
cmineoliiin it may lie emphasized that these docidud 
effect* ore brought aiioiit without I lie least risk to the 

patient, a slat.‘lit which is not applicable unreservedly 

to other method* of I real men I. 

The nniployineiitof the parallel raj H from a high power 
marine seareliliglit. us described nimvc, Applied for 3(1 
minutes to the spine at a distance of 10 feet., is one of 
the most effectual and lasting means of relieving many 
forms of spinal congestion. 

In tho acute stages of bronchitis or in pulmonary 
congiMliim from almost auy cause, light applications to 
the chest afford a more prompt relitf of chest pain and 
respiratory distress Ilian any other measure with which 
1 am fuiudinr. In COM's of chronic bronchitis marked 
benefit is obtained by proiongisl daily applications of 
light to the fronL and back of tlin client, continued until 
marked redness anil tanning of the skin is produocil. 

To promote more speedy absorption iu pleurisy 1 know 
of no bolKT means than tho daily mo of phototherapy. 
In lobar and bronchial pneumonia its liencficial influence 
is manifested by marked relief of pain and dyspnea 
(shortness of breath) and nn improvement in the general 
comfort of the patient; and in cases where resolution 
was delayed, it seenusi to hasten I his process. 

I have frequently had occasion to resort to this trvai- 
ment, using either the an- or 6(10 rand1r-|mwor tungsten 
lamp, In cases of both oruto and suti-aeiite inflammation 
of tho gallbladder, eongnstion of tlic liver and other 
abdominal viscera from chronic malaria, alcoholism and 
persistent intestinal auto-intoxieation. 11 is no exaggera¬ 
tion to say that my results have been far lielter than 
when sole reliance was placed upon euslmunry medi¬ 
cinal treatment. 

In the treatment of inuseular rheumatism, neuritis 
and evuii llu< intense discomfort associated with bcrjicH 
zoster (sliinglie), more rapid and lasting relief, due to 
diminished congestion and nerve sensibility, will lie oli- 
toirmd by this method than by recourse to the various 
analgesics and with no risk of undesirable after-effects. 

The pain in acute middle ear catarrh (common earache), 
tho frontal or orbital headache accompanying acute 
colds, ami c*|Hwiallv involvement of the frontal sinus 
and ethmoid cells is promptly alleviated by a thorough 
application at frequent intervals of light from a 60-candle 
power corlsiil or tungsten lump in a suitable reflector. 
To tins I cun testify noL only from my own experience, 
hut I could add tint testimony of many physicians 
familiar witli tho use of tlus isiteut llmnv|*>utic agent. 
In chronic ear trouble and disease of Llic freutal sinus 
and aulrum, it has proved a very valualilc auxiliary by 
relieving llic congestion and clearing up tho discharge. 

It lias boon rny privilege to witness the success of this 
treatment in several eases of cataniinl ap|icndirilis, 
and it has seemed to me that the pain and oilier symp¬ 
toms were more quickly ameliorated and the necessity 
of surgical intervention more often avoided thou hail 
boon my previous experience. 

In various types of septic conditions, such os phlebitis, 
■o-oallod ndlk-b-g, following eliild birth, or inlropelvie 
operations, the use of light in the manner indicated or liy 
means of the multiple light dome, us employ-id in the 
Women's Hospital m Now York, has proved a well- 
nigh indispensable agent iu gynecological practice. 

It will lie found equally useful in the treatment ot 
loforted wounds of the extremities, cellulitis, furuncles, 
varicose ulcers, and localized infective process,* in gen¬ 
eral 

From expendin' lip to dnte there seems to he a bril¬ 
liant future fur this measure in hastening repair in eases 
of delayed union of fractures. 

In an article published some time ago 1 re|iorted 
observations which showed that it might he |xm*ihle 
to prevent the occasional deleterious effects of the X- 
ray by following its application with the rays from a 
marine searchlight. It is very gratifying to nm hi state 
that subsequent experience haa scorned to confirm these 
results. 
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U> ludmul pollckw 
American clllnra. ftiid 
taUve In (loimruo. non 
iMtructnl Timm la <l< 


■ Knillab i|ioerh flml Hann's Uunnu exceptionftlIy 
my The oullalxwatluo of Dr. HUrln*. who hi 
Hftnn'a colluaiuc In the editorship of the Maiavro- 
IdfUrJu XiUKhrifl. hu atreoxthened the portlona 
of tile work dealln* with the rapidly expanding 
aubjecu of fterolufy (upper-»lr nwearrb) md 
fttoioapboric electricity, ftnd >lao the aecUon on 
the forma of duoda. Typographically the book 
la fta admirable ia the avengo German textbook. 


debating aodottoa.^wrltorx and apeakera who are 
aaeklntf (or doAnlto Information on a subject of 
vftat national Importance 

Indoor Qamrb por Crildrrn. Written 
and illustrated by Olailya Beattie Cmi- 
l«r. London and Now York: George 
HouHedge & Mona. lOino.; 130 pp. 

Thla la a delightful book for children. Illuelnted 
from actual photographs abuwlnx child rtai play- 

fta: An Impromptu Nursery or Schoolroom Mas¬ 
querade. Including Santa Oleue, a Scarecrow. a 
Powboy. a ■reman. Pater Pan, Charity QM.' 1 
Oaw Man. a Spook. IMratae. a Duma, Kina < 
Henry V., Bninhllda While the hook la an 
Kncllah one, the Xamw can lie played anywhere 
liy chlldran Imapnctlve of nationality The 
Chapter da noted to 'Living Statuary Taldoaux" 


Cabransa and Muico. By Carlo do 
Kornnro. With Chapter* by Col. I. C. 
Enrique*, Charing Eerguaon and M. C. 
Holland. New York: Mlteknll Ken¬ 
ner ley, 1916. 12mo.; 242 pp.; with illus- 
tratkini and map. Price, 11.36 net. 


Uty-flTu. feats of endurance and rakw hi behalf 
of the flftaun million peon* who attacked Huerta 
and hla "governmental oaroomc The life of 
Carrsnaa and the implicated problem of Mexico 
la ildtlfully unfolded by the anther, who makro 
no concealment of Me (Mentation of IHax and hla 
“ Maohlarelilan talent” He chargee that 'put 
newspaper ptoprlemn In the United Stair, wen 


B<>ulonger, E.Z.H., Curator erf Lower k 
Vertebra tea in the Garden* of the Zoo- i 
logical Society. New York: JC. P. Duttou A 
& Co. 8vo.; 278 pp.; illuatrated. Price, U 
SO net.l o 

Mr. Boulancrr'a work offer, a delightful browa- 11 
In* round to the naturalist. The reptilian esc- P 
Uon uf the London Sookwlral Gardena ta unaur- “ 
passed, and lla curator la aa fortunate In hk ] 
environment aa the Zoological Sorlely la In Ita 
ourator. In hla oomprohonidVB volume. “Rep¬ 
tile. and Batrachlana." Mr Bouleii«iw dtedoaea 


John*ton, Prtrfoanor of History in the 
College of the City of New York. Now 
Haven: Ya'e University Prene, 1914 
8vo.; 200 pp.; Illustrated. Price, S3.06 


■tty roeolflc. but In ceneral hla alle- 
at laaat alrcunwtanUaOy rot forth 


Reoogalwd in Future Plana for Peace. 
By Boyer W- Bobaon. Boeton: Baboon'* 
8tatiili«d^0™anlxation (Incorporated), 

The dtrechrda-ohlrf at the Wurid Peace roun- 
atton favorably discusses thla volume, but wlahea 


Back Number* «f the Sdeatflc 
American SqplemMt 

Wi beg to advise oar rends** Butt we 
hove discern tinned welling number* of the 
SoutNTiviu Amiuoan HumjoaiNT dated 
earlier than January 1, 1614. We removed 
the flret woek In April to the Wool worth 
Building, New York city, and the change 
in our oMt-en precluded the carrying of 
laenea of the BurrtxMXKT extending over 
a period of nearly forty yean. It was, 
therefore, neceoaary to turn over thla por¬ 
tion of the tmalneea to someone who haa 
■pace for carrying no large a Mock. The 
11. W. Wilson Company of 8U Mamaroneok 
Avenue, White Plain*, N. I., have been 
cboeen to take care of our back number 
biulneaa. They have the complete (took 
and are ready to mupply any of the bock 
numbers at the standard price of 10 cants. 
We, therefore, request that. In future, all 
order* for Hurrunmrrs bn sent direct to 
the H. W. Wilson Company Instead of 
ourselves. Please do not order turns 
mints on letters ordering subscriptions 
for the Hcnorniio Akbican or the Sem- 
■nno Amiuoan Bdhucmint or books, or 
containing any other matter*. 

tW.lt * b ars of liut’nwg* nre^MgRH 

Wx wish to call attention ta tba fact that 

view In every branch of patent or trada-aiark 
work. Our stall I* composed of mtokanlcaL 
electrical and Cham Leal experts, thoroughly 
trained to prepare and proeaegta *U patent 
applies tinea, imapaottva od the nn g t t nntnfa 
of tba aubjaet matter Involve*, er of the ap* 
daUsed, taohslcU, er sdeoUOo haovMgt re- 
enlrad tbenfor. 
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Electro-Culture* 

A Resume of the Literature and Summary of Facts from Scattered Sources 


Tut scientific lltL'iiiluru of tbu last ten years bus con¬ 
tained frequent references t u tbe art uf Increasing plant 
growth iiiiU yield liy tlw uppllcutluu uf electric allmull 
uf cerlulu kinds, hii nrt iniMt commonly designated aa 
ulectro-cullurc. Tlw nuitcrlnl given, liowever, represents 
very little experimental work lu proportion to lta vul- 
iiiuc, coualatlug lu tlw main ot more or lean complete 
lilalorlcul reviews concluded by a tew paragraplu de- 
Hcrlblug Homo ruceut Investigation. Tlw effect upon a 
rcuder dudrlng tu become acquainted wltn the work 
dune within a reuauiiable length of time la Irrltatlug, to 
auy tlw leu at. lu view of the growing lulereeL lu lu- 
teualvo mellwda of agriculture, aud alao hi methoda of 
illllug lu tlw valleya lu tbo loud curvee of ceutrul sta- 
Ihuiu, there la reuaou to expect u much more exliamulre 
luveetlguthin uf thla aubjoct lu the not rumote future. 
For tide rou huii it line eeeuied dealrable to collect tlw 
fiicta from tbo ecaltered sources, and attempt to arrange 
them lu a form more cuuveuleut fur uao, that la, from 
the point of view of the Invader of the province rather 
Ilian the lilHbirlau. 

It Ua« been found that the experluieuta of the puat 
full naturally hitu flvu clause* differing principally In 
the uiotliod of iiiipllcatluu ut electrical euergy. Theae 
uietlwda lire: 

I. Ilhiuiluatlou by electric light. 

II. t'onductlou of atmoaphcrlc electricity from an 
elevated collector tu au electrode lu the noil, or to dbt- 
cliarge pulula above tlw plunts. 

III. tiuuatituting tlw aoll the electrolyte of a voltaic 
call by burying III It two plutce of dlaalmllur uwtul con¬ 
nected by n conductor. 

IV. Tuiiuliig current from uu extcruul source through 
the null between electrodes burled therulu. 

V. Production of u silent or glow discharge through 
tlw ulr from overhead uuteunoe to the Bull. 

Theae mellioda will be taken up lu Uw order given, 
wlilcb la apiiroxliniitoly that of tlwlr Importance, 
nmioii l. 

Iltumlnntton bg Hlevtriv Light. 

Tlwra HeeuiH to imve been rein lively Illtle work (lime 
upon tlw effect of llliiuiliiutlug pluuta by urllllelul or 
electric light. Ill I Hill ••llcrve’ 1 Muugon found tliut elec¬ 
tric light Influences tlw formation of eblorophyl lu a 
way similar to that of auullgbt. That tlw abaorptlou 
mid aaalmlUUou of carbon dioxide occurred ax usual 
under the electric arc waa aliowu by PrAllleux eight 
ycara later. 

lu 1880 Wilhelm Hleuiona confirmed theae observa¬ 
tions, but fouud tliut under ccrhilu conditions lnjurloui 
effects were obtained and hence lie u*od an opaltecent 
glass aliude over tlw light. 

Tlwae racta were further confirmed by Bchruler In 
lhdl, uud by Halley, Cornell Unlveralty, In 1801. Hon- 
idor In 18IK, and Coucbet In 1001, atudled the structure 
alteration lu plants and the leaf growth lu relation to 
tlw electric light 

Since 1801 thla line of attack has been neglected, 
probably because of the attention attracted by the work 
of IwuiotrOui, and the auccees of hla method. 

Doreey, however, In 1014, mentions the treatment of 
lict-houae radishes and lettuce for three hours each day 
hegllining at aunaet, with red light from a 100-watt 
lamp, uud with blue light from a Cooper-Hewltt lamp. 
The lettuce waa affected favorably, tbo rmllabea un¬ 
favorably. 

Cemdltbm of atmoapkoria electricity from on elevated 
collector to an electrode I* (ke mil, or to dUcharge 
poinlt abort the plant*. 

Among the earliest attempts to apply atmospheric 
electricity to plant culture appnsrs to have been that 
of Abbe Rerlbolou, In 1783. Ho called hla aiipantua 
the eleitro-vegelonicter. It conalsted of a number of 
metal polnta similar to o llghtnlag rod, supported at a 
conalderable elevation, and connected by a conductor to 
an Iron bar furnished with discharge polnta which hung 
down Just over the plants treated. The whole appa¬ 
ratus was Insulated by wooden supports. The Abb* 
stated that the use of this arrangement always pro¬ 
duced an Increase In the fertility, vigor, and growth 
of the plants. 

loiter, 1871), Orandean and his pupil LeClerc showed 
bv careful comparative measurement*, ualyses, eta, 
that protection of plants from atmospheric electricity 
by enclosure In wire cages often retards the growth 
over SO per cent But Naudlln repeated hit exp e rim e nt 
a lima- lata* with results diametrically opposite. The 
more reengt experience ot Plnot de Moira appears 


to HiilHdHiitlHlIy agree with that of lirandeau. 

A modlficatkHi of UerUiulou'H method celled Uw geo- 
iiiHgiietlffTe system ban been iiullo commonly used in 
France. Tills remdsta of an elevated conductor con¬ 
nected to wires running through tbu aoll uuder tbe 
plants to Iw Infiueuced. 

Hertlielot carriod on considerable work at Uendon in 
Prance, lie found that tbe growth of plants ou the top 
of h 28-nteter tower was greater than at tbe fooL 

Lieutenant Hasty cxperlmentod with metal rods ter- 
mlustlng lu s bull of nou-oxldlxahle metal at tbe lower 
end which was burled In the gruuud as deeply as Uni 
roots of tbe plant were likely to penetrate and projected 
from foot and 0% feet above tbe surface, depending 
upon tbu plaut true led. Tlie first height was used for 
strawberries, He claimed Chat beneficial results were 
noted about each rod fur a radius equal to half the 
height. 

urruou hi. 

Constituting the toil the electrolyte of a voltaic cell 
by burying tu it tico plates of till tbo liar metals ooi t- 
ureted by a vondactor. 

H|soa-hnew lu Huasla obtained marked results from 
plates of different metals burled lu the ground con¬ 
nected by wire. 

Mure recently, 1000, Hawson and Lo Baron have used 
tbu Huuiu method In greenhouse*. I'lateu of cupper and 
slue were sunk ut opposite cuds of lettuce bods uud 
gave a poteutlsl difference uf 0.0 volt and current uf 
from 0.4 to 10 uillllaiupcroH. Tbe lettuce thus treated 
was ready for market s week sooner than tluit nut 
treated. 

lTlostly tried tbe method uf Npuacbuew, using plates 
of cupiwr and sine between whlcb beaus were planted. 
Tbe plants treated appeared two days earlier, devcl- 
oped more rapidly, and the average slxe and weight of 
tbu mature beans was ulsiul a third greater. Home 
otlwr ipiHlIlstlvH experiments were Inconclusive. The 
current In very damp soil was 12 mllllainiieres between 
pistes of aiSJ siiuare Inches. 4 feet uisirt. 

Newman, however, stales that tbe results of a doxen 
uxfHirlmuuta ludlcatud uo effect whatever, aud that tlw 
reports of Olliers have been lu conflnustlon of Ibis fact 
iirruoo iv. 

Putting carresI from as eternal soared through the 
toll belter on electrudet buried therein. 

This method or plant stimulation has been tbe source 
of numerous conflicting report* and Its applicability 
seems still to be In doubt A number of Investigators 
htive found that It Increases tbe rate and proportion of 
germination. 

K. II. Hook states that this Is Lha only effect that he 
was certain was produced by curreuta of 10U mlllluiu- 
la-rca at 30 volts. 

Kinney In 1808 and Ahlfvengren In 1880, confirmed 
his result* Tbe former considered 3 volts tbe optimum, 
but tbe latter bellpved this to vary for different plants, 
and, under different condition*, for tbe same plant. 
I a-weuber*'« conclusions elan agreed with the above, but 
be couslilered also that tlw direction lu which the cor 
nnt traversed the need was of Importance. 

KOvesal, 1012, on tbe other hand, as a reanlt of over 
1,100 pot teat* came to the conclusion that direct cur¬ 
rents through the roll hto without exception harmful 
both To germination and lator growth. Bchnecksnberg, 
commenting upon this paper, remarked that he ought to 
liave known this fact from a knowledge of the simple 
lawi of electro-chemistry and endoemauls before per 
forming the 1,100 experiment* but goes on to point out 
that KHvesst’s statement should read "borlxontal direct 
currents through the eoir and must not be extended to 
cover toy other type of electrical treatment. KOvsssI 
does not state what strength of current be employed. 

Qeriscb and Brlweln, 1810, describe experiments with 
low potential direct correct, 0 volt* 0.2 to 0.4 ampere, 
at Bromberg, upon an area of 914 square feet planted 
to barley and cabbage* Tbe treatment was continu¬ 
ous night and day until harvest. No beneficial effect 
was obtained. 

Pesslee, 1010, using direct current In greenho us s ex¬ 
periments on the germination and rate of growth of 
seeding* such aa cauliflower, cabbage, beet* etc, ex¬ 
perienced failure until ha lowered hla current dsastty 
•ad adopted carbon electrode* which, ntjllks son* 
metal* do not react with tbe roll to term delsterioas 
Hit* Be obtained tbe moat favorable results at a 
power consumption of between OS and aa watt per 
eebtt foot which gave increased fertility of seed, more 


flower, tbo advantage In respect to growth waa nearly 
ISO per oent. Kadlsbes carried through to a marketable 
slxe bad a root growth 403 per cent and a top growth 
117 per cent greater titan the control 1 plant* 

Similar testa with alternating current were consist¬ 
ently negative again until tbe watts per cubit toot ware 
reduced to 0.0114 (current = OXXWOM amperes par 
■tuare Inch wbeu au Increased fertility of Ou per cent 
and au Increeaed growth of 82 per cent was obtatsad. 

Horsey, 10111, tried some greenhouse experiment* lin¬ 
ing direct current (1JI volte aud 0.0008 to 0.07 ampere* 
and a to N volte and 0.0007 to 0:00 ampere) and ntao 
ULcyde alternating current, 110 and 220 volts between 
csrboii elect rodm. The results were bad In both case* 
The tomperature of the treated bade waa a degree higher 
than the control* 

It Is evident that the Investigation of this type of 
electric treatment baa been entirely lMOffldent to lead 
to any trustworthy conclusion* The controlling factors 
have scarcely been ludlcated aa yet. 

ucthoo v. 

Production of a sllenit or plow discharge through the 
air from overhead antennae to the soil. 

Tbe stimulation ot crops by a discharge of electricity 
through tbe air to tbe roll seems to be the method bwt 
founded upon theory and most promising In practice, 

I'rof. Lemstrfiin of Helsingfors llnlvantity, Finland, 
first remarked upon the fact that tbe extraordinarily 
rapid ami fruitful growth of such vegetation as 
survival the frosts lu Hie Arctic and sub-Arctic re¬ 
gions cannot be accounted for, aa has been suggested, 
by tbe long hours of daylight It has been proved 
beyond doubt that there exist In the atmos¬ 
phere of these high latltudee much stronger currenta 
I Hissing to the earth than U the cake further south. 
'These are evidenced by their lamineaoent effect* each 
«h the aurora. A great proportion of tbe vegetation, 
especially that peculiar to northern region* la equipped 
with pointed leave* etc, which are especially adapted 
to electrical discharge. Moreover, In studying sections 
o.- fir trees. l-cnmtrOm found a periodicity lu the occur¬ 
rence of especially large growth which Is the same aa 
that of the occurrence of sun spots and aurora* L *, 
every tan or eleven years. 

He suspected that the electrical Influence played a 
purt hitherto overlooksd In the growth of vegetation 
lu other parts of tbe world. With this In view, be tried 
to rednpllcate the conditions of the Arctic by producing 
a similar electrical tension In tlie atmosphere. He ap¬ 
plied a positive potential from an Influence machine, of 
which the negative was grounded, to a wire between 
suspended above the plant* producing a allant discharge 
ti> the earth. 

I-emstrflm extended his researches to different farms 
bi Finland and, In later year* to other countries. Tbe 
procedure was tested uuder hla supervision at Durham 
College, England; in Burgundy, near Breslau la Ger- 
niany, and at Atvadaberg. His book contains full De¬ 
tails as to tbe extent, circumstance* and remits of all 
these experiment* As a reanlt of his experience be 
concludes that tbe minimum Increase In yield tor all 
crops under tbe proper conditions should be about 46 
per cent For certain crops It may rise as high aa 
100 per cent Improvement occurs whether the network 
be charged positively or negatively to tbe soil, but better 
results were obtained In tbe former com. The effect 
Is not apparent alone In the quantity, bat an improve¬ 
ment of quality, and a shortanlng of the period of 
growth, sometimes by fiO per cept, la general. Analyses 
are given to Indicate that In the case of grain there la 
an Increase In the protehl content Lenstrfm polnta out 
that lade of uniformity to cultivation, nature of soil, and 
fertilisation between tbe experimental and control plots 
oft® lenfi* to arroneoas ccocluatoo* The better culti¬ 
vated and fertilised s field I* tbe larger the percentage 
tnereflss to yield dot to electro-culture. 

Leowtrem'i procedure suffered from a great dltird- 
rmutage. HU Influence machine was quite inadequate 
tor. the purpose, fence hla overhead wires eonld net be 
bang more than 18'Inches above tbe plant* whlchtu- 
terfered with eoooqnleal cultivation of tbs soft ' 

At Gtoticeater, experiments with a somewhat mare- 
powerful machine, enabling tbe elevation of the wine, 
to 0 torf above the grand, gave molts wtth vertex 
crops u follows: . , 

Beet* 88 per cant tocreeas; carrot* 00 par cwt to- 
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etquwi turnip*, inersss* not quntitattToty measured. 

The boats raised under ri o ettUe nt lco On on uialyria 
•boot 14 per cant snore sugar than tba control crop. 

This Increase In sugar content bee been confirmed by 
nlinost every lnretfgator, Irrespective of whether his 
results were favorable to the pr oc e ss In etlwr ways. 

In 1004, Newman performed some similar testa with 
a small Wtmatrant machine driven by an oil engine, 
operating npon IB greenhouse*, aud upon an area In the 
open amounting to a boat 1,000 square yard*. Including 
control plots Tba wire* were strong about 16 lncbea 
above the plant tops, and were turn la bed with down¬ 
ward directed point* of flue win for discharge points 
The treatment wee applied for a period of 106 days, 
D,<t boon dally, the first belt of the time mainly by day, 
tba bug half by night The result* from tba electrified 
plants were as follow*: 

Cucumbers, 17 per cent Increase; strawberries, B-yeer 
plants, 86 per cent Increase; strawberries, 1-yeer plants, 

NO per cent Increase, end produced more runner*; broad 
beaus, IB per cent decree*), ripened 6 days sooner; 
cebbagm (spring) mature 10 days sooner; celery, 2 

The encumbers were all affected by a bacterial (Ha¬ 
ssle about tbe middle of their growth, and this made 
n.ucb greeter headway on the non-eleotrlfled plant*. 
Aside from the troubles with the Influence machine and 
oil engine, which were rather Inadequate, the Installa¬ 
tion required no attention except for the clearing away 
of cobweb* and stray shoots, etc., from tbe network. 

This work wee continued on a larger scale, New¬ 
man working In conjunction with Kir Oliver Lodge. Tba 
letter overcame several of the Inherent difficulties of 
the process by the Invention of ■ mercury ere rectifier 
supplying a 1(10,000-volt dim L current. Tlie new Instal¬ 
lation consisted of an oil engine mid dynamo producing 
:i amperes, at 220 volts, which wns transferred by nn 
Induction coll and then rectified. 

This blglier potential made It pomlble to raise tbe 
conducting network to HI feet from the ground, thus 
ts-milttlug of easy cultls nt km without lessening tlie 
beneficial effect of the currant. 

I'relluilnury experiments iqsiu wheat at Uloucester 
having been very favorable, Newman subjected 11 acre* 
to treatment. The overhead network consisted of stout 
telegraph wires mounted upon poles In raws 102 yards 
apart, tlie distance between successive poles being 71 
yards, and thin galvanised wires strati-tied 12 yards 
uimrt crosswise to act ns discharge wires. A difference 
In the rate uf growth was noticeable very early, and 
at harvesting the atmw averaged from 4 to 8 lacliea 
taller, anil tbe Canadian wheat ripened 8 or 4 daye 
sooner. The yields were 39 per cent better for Cana¬ 
dian wheat, and 29 per cent better for English. Further 
tbe electrified wheat sold for 7.B per cent better price 
on account of Its superior quality. 

Braelauer, who has written a critical review of tlie 
subject up to 1010, and kept In cloae touch with the 
progresa of the work In (Jermsny. tells (1BO0) of the 
reaulta obtained at Ilalle by KUhn, and at Ilolrteln, 
Neumark, and Weatpreumen. 

At Halle experiments were made under varlona con¬ 
ditions of fertilisation and Irrigation upon a total area 
o' about 14 acre*, besides tbe control areas. TUI* field 
Installation was also rained to 10% feet above the 
ground. Tbe good effect upon rye wm already notice¬ 
able In June. It was observed here especially that when 
the wind blows the effects of the treatment are felt 
from 10 to 10 feet and aometlmea DO feet beyond the 
limits of the Held experimented ui»n, and whenever 
tbe control Belli* are adjacent, reduces by an much tbe 
apparent Improvement due to electrification. This wind 
effect wag also noted In work at Holstein. 

After tbe completion of these experiments, a year 
later, 1010, Prof. Kfihn, the German “Nestor of agricul¬ 
ture," under who** Immediate supervision they were 
co nduc t ed, was not enthusiastic m to the results. He 
stated tbit little was to be exported from Urn English 
procedure, as the advantage apparent daring growth 
did not appear In tbe yield. His control fields of gnus 
and grain gave the better reaulta. Only fodder and 
anger beets were bettered, tbe latter Indeed having an 
luMaasd soger content Clover and cabbage* gave 
uncertain results. H* considered that tbe ooet would 
demand at least a IB per oect Increase In yield, 
Breslaner cow-lode* that tbe lnrastlgstlons already 
made show that the proesm and apparatus Is antirely 
practicable. He estimate* the cost of an equipment for 
OtB acres a* follows: 

Generating appantw —_(606.00 

Cower coMompthm, B kllowatt-houra per day 

(at 5 «eots)=3B rents, for region, 180 

<tay, = _____87150 

Intfrwt m HJttuOO it b pre eret-(Bono 

.psitef ta6 •* t par rent- **> 


Iti-palrs at 2 per cunt. 28.80 

Power . 37.60 

labor (1 man 2 hours a day;... 47.UU 

Total - 1261-70 

Medium to poor yield from wheat: 2,000 pounds is»r 

For 81.8 acraa_____*2,380.00 

Thirty per cent Inoreius*.. 714.00 

Profit *714.06-1261.70 ■_ *402.30. 

Ordinary profit from MU acres = *71.40. 

In a later cuutrllmtlon Urwlauer describes tlie meas¬ 
urement of current sod power cunauui|>t!<tii by typical 
Iratallatlrms nt Hoppegnrten. 

A movable coll ammeter of great sensitiveness was 
Inserted In the ground wire. Tho order uf magnitude 
of tho voltage was determined by measuring the length 
of spark In the air, It being known tluit between balls of 
26 millimeters diameter It requires about 3,!IU0 volt* per 
millimeter to produce a spark. 

In dry, and not extremely hot weelhor, with an east 
wind, the voltage averaging about tlS,n(JO volts, be esti¬ 
mates that, allowing for a certain Inequality of distri¬ 
bution, tbe current for every 10 square feet la abuut 
0.48X1O-* mllllamperes. 

Hence the energy consumption Is about 0.20.10—* am¬ 
peres x (16,000 volts = 17 watts = 0.28.10—* watt* per 
JO square feet 

This Is from 1,000 tu 10,000 times the transfer of elec¬ 
tric energy occurring naturally during a year, as esti¬ 
mated by Efthler. 

tlerlsch aud Krlwelu give an account of agricultural 
experiments upon tlie Kaiser Wilhelm Institute of Agrl- 
sulLuro Experimental Grounds nt Mucheln for which tlie 
equipment was supplied by the Ann of Klenietm ft 
llalake. 

The electrical treatments Included high tension static 
electricity, making the uct positive lu some rases, and 
negative In others, and high (Hinton, single-phase alter¬ 
nating current 

The network consisted of a heavy galvnnlxed wire 
supported on well Insulated poles around the outside of 
the Held, ami suspended from this, across tbe Held, tblu 
galvanised Iron wires at n height of 20 feet. 

The electrical equipment consisted of a 4 borse-powcr 
ulcolsil motor belted to a direct-current dyuanio, mid a 
transformer. The two Influence machines were run by 
direct-current motors. 

Tlie exjierlnientSl plots comprised nn area of 8(10 
square ynnla besides control plots of one-half Hits ares 
located at n distance of 830 feet. The plots were 
treated with various kinds of fertiliser, some were Irrl- 
gated and others not. 

Tlie alleriiHtlng-ciirrent nntenme averaged a voltage or 
about 20,000, the atntlc antenna- .’10,000 volts. Tbe powpr 
consumption for the fanner wns iilsmt 770 voll-iunpereH, 
for the latter about 30 watts. Tlie Irradiation was be¬ 
gun after planting, and continued 46 days continuously 
day and night. No difference wns npimrent between 
the electrified and untreated plants, though there was a 
considerable difference between tlie watered his] un- 
watered, and between those differently fertilised. Meu- 
tlon la made of the occurrence of a drought. The har¬ 
vest. occurring 120 days after sowing, showed practically 
Identical yields for treated and untreated plants, with 
alight evidence of Injury by the alternating current. 

Hdsterroann, 11110, used a network of telephone wires 
from 8% to 8 feet above the ground and 13 feet npurt, 
and obtained his current from tbe ntmoaphere hy means 
of r ateel cable 820 reel long, supported by a balloon 
or by several kites. He eatlmntod, haring an Instru¬ 
ment reading to only 6 volts, from other meastiremcDts 
that be got a potential of about 26,000 volts. This 
method gave him the beat results of any, Increasing tbe 
yield on varlou* crop* from 16 to 40 per cent Ho 
found that tbe stmoepherlc potential gradient varied 
with tbe season, tho time of day, tho temperature, and 
the weather, reaching maxima from December to Feb¬ 
ruary, shortly after sunrise and Just before and during 
dusk, &t low temperatures, and during fog, snow, ball 
or rain, sad especially during thunderstorms, 

77m conditions under which treatment Is applied are 
Importint, It being very essential that there should be 
moisture In tbe sir as Irradiation daring dry and tunny 
weather often reaulta Injuriously to the plants, Ths 
most favorable tlaea for treatment correspond with 
those of maximum potential gradient, I. e, very early 
morning and evening, eapertalty daring a fog. He points 
out tbst tbs climate of England la especially adapted, 
and should give good results, especially ae the treatment 
man to eompanatta In part for lock of sunshine. 
Exclusion of ths Influence of atmospheric electricity 
red need tbe yield nearly is per cant 
HMarmana, also mtng high potential pnlmtlng direct 
currant from a dynamo miefatna and tautomer found 
that extoodad taataset was of Uttis, or Injurious 
affect, tat eUhmd move modeegfo apptintten Inenaoad 


the yield In some cases as much as 26 per cent 
Htahl, 1011, claims be was able, using electrical stimu¬ 
lation, to bring a crop of corn to maturity after the 
winter wheat wae reaped on July 20th. He used n 
dlruct-curreiit potential of abuut 200,000 volta (000 
cyclea) stepped up from r UO-cycle, 110-vult line and 
rectified mechanically. Tbe wlrea were mounted 8 feet 
from the ground, and 2 to 3 feet apart. Tba treatment 
was applied to 1 acre morning ami evening, and tbe 
electric bills averaged *2 lo *3 per uiuulli. A variety 
of vegetables were treated. All matured much more 
quickly and restated drought better. Only qualitative 
results are given. 

Gloede used the treatment In growing flowers ana 
found greatly Increased vigor us well as resistance to 
harmful fungi. In a amall outdoor plot 20 feet square 
lie rl|NHicd 302 uiuskmelons from seed In less than 0 
weeks, nod the fruit was noticeably sweeter than usual. 

An Installatlou near lTngue, designed by Ureslnuur, 
operated upon an area of 80 acres by means of a net¬ 
work of Iron wire supported hy porcelain Insulators 
upon wooden Jwltw at Intervals of 328 feet upart, across 
n Mi ll was stretched a network of (MKIH-liich wire at a 
height of 13 foet above tbo ground. Direct current at 
120 volta, 2 amperes, was supplied by means of a mer¬ 
cury Interrupter, a transformer, producing lOO.OUO volta, 
and n rectifier. The network was always made positive, 
and the treatment applied only a few hour* each day. 
being nlways dlacontlnned In cuse of rain, which caused 
leakage, and of great beHt, under which latter condi¬ 
tion the current Is Injurious. In spite of nn unusually 
dry season yield* lu soma rases double tluit of Hie con¬ 
trol plots were claimed. Defnllg as to sort of crop and 
actual yields sro not given. 

Hasty, experimenting on a reglmontnl garden In 
France claimed good results. 

llorscy npplled to small greenhouse bads for an hour 
night and morning, dally, alternating current of 200,000 
cycles frequency, at 10,000 volts from n Tesla machine 
uud transformer, consuming about 130 waits, lie used 
u network of 0.01-lDCll Wire nt a height of 10 Inches 
nlxive the bed. Ha found by weighing representative 
plants a marked gain amounting lo 76 per cent for let¬ 
tuce. This method gave better reaulta than Illumination 
or earth currents. 

lie next npplled a silent discharge l>y means of a net¬ 
work of 0.08-lnch copix-r wire, l> feet above the ground, 

13 feet apart on Insulntors designed for Itri;000 volts, tn 
over mi ncre of gnrdeu. using 10,000 to 20,000 volts at 
30,000 cycles for f> hours dally for 2 months aud EO,()U0 
volts for 1 month. Interruption of oervlra makes ilie 
results only qualitative In value. Almost all of tlie 
Irradiated plants Including radishes, lettuce, licets, cab¬ 
bages, cucumbers, turnips, melons, tomatnes nnd pars¬ 
nips, gave a better growth than on tbo nntreatnd acre. 
Beans and peon were affected slightly, but all the other 
plnntn matured «t laast 2 weeks aarller than tbe control 
plants. Tobacco showed a 20 per cent gala. 

I’cnslec, 1018, applied 100,000 volt* from a Wluiahurst 
machine on wires 10 Inches from the soil to seedlings, 
with results which he describes as disastrous, at first 
Uler, by applying the voltage only nt night and on 
cluuily days he Incrmsad the growth of strawberries 
27 per cent, ami beetroots 14 per cent tops 30 per cent 
He could not establish any optimum voltage. lie found* 
that the sloe of the wires made no difference. Climatic 
variations appenred to have considerable effect. , 
Preliminary train with a Tesla coll gave qualitatively 
•Imllur results. 

coxct.usion. 

The Impression gnlnml from tbe literature of electro- 
culture I* that the Inst word I* by no means said. From 
the nature of the publications It would ap|>ear that tlie 
Individual Investigation* hare been tin cursory. There 
has been too little systematic variation of conditions, 
and especially of the electrical conditions. It seems 
highly desirable that a much more extensive Investiga¬ 
tion, providing the possibility of trying different Intao- 
sltlra of electrification under various conditions of cul¬ 
tivation, Irrigation, etc., all daring the same season, 
should be carried out. It Is significant that tbe only 
Investigator to attempt nn extended examination of the 
field wan able to locate and eliminate many faults In 
hla method, and thin obtain good result! la the end In 
almost every case, often reversing hls previous experi¬ 
ence. If Leuistrllm, working with big very Imperfect 
equipment and limited resources, could attain so much 
ouccera, greater development still should he possible 
with the mors adaptable apparatus now available. 

The theories na to tbs actual mechanism of the set!on 
of the oloctrlc discharge npon plants, Involve questions 
of physiological and botanical c h e m i s tr y whose answers 
are stilt too uncertain to make their consideration here 
of profit LsnutrOm, Priestly, Bkcard, and Peonies dis¬ 
cus the subject bristly, and refe re nces to points more 
or Im rstatad to It are given In tbs bibliography ap¬ 
pended to tth artfcfe. 
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Buying a Second-Hand Automobile 

Defects That Are Apt to Exist and Suggestions for Examination Before Purchasing 

By Victor W. Pagd, M.S.A.E. 


Wns out eouMm tas magnitude of the automobfla 
industry and the large number of motor onr» that have 
boon manufactured, It la evident that many of them 
rshiola muat have changed hand* a number of time* 
dues they were delivered to the first purchaser. Then 
is a large traffic In mod automobUeo and many excellent 
bargain may be obtained if, brforo a oar if purohased, 
esrtaln precautions ere observed In regard to inspection 

are hidden from right. Neglecting theee and accepting 
the atatameoU made by thoee trying to dispose of the 
oar regarding the oonditkm of the part* mean* that one 
la Jut a* apt to secure a worthleaa machine a* one that 
will be value for the sum expended. 

A* all machinery depredate* In service, any used oar 
wfll have worn part* that must be restored to obtain 
the fall efficiency. The amount of deterioration is not 
regulated by the service the oar has given, bnt largely 
by the amount of care that has been expended In iU 
maintononoo. A machine operated for several months 
by a carries* driver may show more wear than one usod 
for three or (our time* that period by a careful operator. 
Oito cannot judge the value of the car entirely by Its 
appearance as It 1s much cheaper to give the body and 
gear a coat of paint and varnish and to daub the motor 
with enamel and aluminum paint than it is to give a 
machine a good mechanical overhauling. 

The average person is usually suspicious when offorod 
a second-hand car, as, in the majority of oases, the ma¬ 
chine is an unknown quantity. This is especially truo 
if the oar has been abused and merely tuned up and 
“doped” to make a quick sale. After the oar has been 
in use for a very short time, the np«r owner will begin 
to experience annoying troubles, some of which may bo 
of a serious nature, necessitating expensive repairs, and 
naturally the one paying for them may soon expend 
money enough so that this added to the initial invest¬ 
ment would have purchased a new ear. The disap¬ 
pointed would-be motorist assumes that motor can are 
not yet practical, and does not beaitato to proclaim this 
fact loudly to all who will listen to his tale, and one such 
man in a community, especially if he U popular and 
respected, can materially influence many othrr probable 
purchaser* of can. If the ear had proved successful, he 
would have been an enthusiast instead of a iwsstraist 
and a distinct help to dealers in his neighborhood. Many 
reputable dealers recognise this fact, and overhaul all 
second-hand machines they offer for sale In a thorough 
manner to make sore that the mechanism is in good work¬ 
ing condition, and they will not sell any machine they 
lake in bade unless satisfied that the ear will givu service 
proportionate to the investment made by the buyer. 

Unfortunately, there am a number of dealers who do 
not hesitate to palm off any oar they may have on hand 
without making any repairs of a permanent nature. 
These gentry also an prone to make misleading state¬ 
ments regarding the date of manufacture, power and 
condition. As they sell an a commission they o mot 
afford to make repairs, but a* false statements are ohe o 
plenty of claims are made that will not be supported by 
the performance of the machine. 

A recital of somo of the tricks of the trade may be of 
assistance to the man intending to buy a used oar, and 
at least will servo to make olear why a thorough In¬ 
spection is advisable to make sure that expensive repairs 
are net needed. A capable demonstrator may be able 
to take out a decrepit antique, and by careful manipula¬ 
tion of the spark and gas levers, slipping the clutch to 
tot the purine speed on trills, avoiding the worn gear 
ratio* in the grsirimx and »voiding-bad roads or hills, 
give a demonstration of a ear’s ability that will prove 
satisfactory to an tinnumhantoal purchaser, and may sell 
the ear for much more tbaerit is worth. 

' Hie writs* knows of a number of eases where nan have 
been told aftpr a tuning up that failed before tho pur¬ 
chaser hstd mn the ear a week. One motor In particular 
that he waa called upon to Inspect showed how un- 
•erupritous dealt may “doctor" up a worn engine so a 
mrisfaetory demonstration can be made. As the opera¬ 
tion of the engine to question soon became un saU ri actory, 
In fact, only a few dayi after the proud purchaser bad 
driven lbs tar hnmt from the metropolis where he had 
purofcsilri lt, it was dhuudtied for inspection. When 
the sytfadmt ware removed It waa seen that two of those 
bad been badly scored by running tbs pistons at some 
time oe other without adequate lubrication. In order 
to apmpcrnmtl (or the lost eomprssrioc, due to the 
nwnfchk » metal plate about % teeh thiek had been 
riveted oa««h piste* wocklsgbi the itefcotircflylisdsrt. 


Badly worn push rod guides had been bushed by wrapping 
a strip of shim stock around the valve plunger to take 
up lost motion at that point. The main bearings and 
connecting rod lower ends had been bushed in a similar 
manner. In addition to this, the engine had been ollod 
by a very thick cylinder oil, the purpose probably being 
to have this cushion the shock due to loose bearings. 
The fly-wheel was looee on It* key, but this had boon 
temporarily held light by putting in moro of the shim 
stock at the side* of the key. 

The transmission system waa but littlo bettor. After 
removing a thick grease, Impregnated with what appeared 
to be wood fibers, from the gearset, it was seen that the 
intermediate and slow speed gears were so badly worn 
and burred that new onea had to be obtained. In addi¬ 
tion to thia, the hadly warn oone clutch facing had been 
made to hold by driving in rubber bands between the 
cone and friotion material at all points between tho 
rivets where the leather could be pried up fnr their in¬ 
sertion. Tho ball bearings In the gear-box were badly 
worn; in fact, those supporting the counter-shaft, which 
was placed under the mainshaft, were an tilled with wood 
particles that the balls were tightly wedged in the 
separators and just slid around between the bearing 
races. In demonstrating, tho driver had avoided using 
the gears as much as possible, doing all of his driving 
on the direct drivo or high speed which did nut call fnr 
rotation of any gears except the constant mosh members, 
which seldom wear enough to cause noise booausc they 
are not clashed into engagement aa the shifting members 
are. 

Kvery point about the car required adjustment, 
and at every worn bearing point more of the shim 
stock bushing was found. After tho car had been fixed 
up as it should he, the eost of repairs was about half 
tho total investment in the car. A new model of tho 
■ame make oould have been purchased for less than Lho 
final ooat after repairs were oumpleted. 

There are still some dealers who would lie dishonest 
enough to take advantage of every means to dispose of a 
oar, ro a few hints in regard to tho points that can bo 
examined with profit may be of value to future motorist! 
contemplating the aoquiidtion of a usod oar. There are 
many exceptional bargains offered in usod can which 
are really desirable. For Instance, there ii that class 
of owners who must always have tho latest model, even 
though tho car they purchased the year before is still 
in perfect condition. These can. If well-known standard 
makes, require practically no attention to restore them 
to a satlrfaotory operating condition. Such oars are of 
special value to the man who wishes a good oar but who 
doe* not feel able to pay the prioe a now model of this 
kind would cost. Many can of this nature are sent 
to the factory nr overhauled by factory exports and are 
sold with the same guarantee that is given with a new ear. 
Such a oar is alwaya a good buy, hut as they are mure 
costly than those that appear to be equally good offered 
by broken and commission men st a lower prioe, many 
prefer to take a chance In securing what they think is a 
bargain. 

As a gvddo to the non-mechanical purchaser, the 
writer has prepared the accompanying illustration which 
represents a plan view of a standard ohasris, with all 
points to be mentioned that need Inspection dearly 
Indicated. While motor car designs vary, this ono is 
sufficiently representative of conventional design to serve 
aa a chart for systematic inspection of the contemplated 
purchase. If the ear is offered at a very lew price, one 
may be sure that there is some defective condition tlmt 
makes it desirable for the owner or his agent to unload. 
Aa a rule, the second-hand dealers will not permit a buyer 
to make a thorough inspection of oars they handle if 
these are not in fintmlas* shape. If permission to look 
over the ear la denied, the would-be purchaser may ac¬ 
cept this as positive evidence that there is somo defective 
part It is desirable to conceal and should look elsewhere. 

Buying a second-hand ear involves an expenditure of 
several hundred dollars, to ny the least, so a purchaser 
should foe! that he haa the right to thoroughly inspect 
any ear offered for ale. In fact, It is desirable to pay a 
•killed, honest mechanic to make the examination if tlie 
buyer does not possess tho n e c e ssary technical skill nr 
knowledge of motor ear construction, 

The flnt point to rsurive attention is the power plant 
and 1U auxiliary systems, as this is the most important 
unit In tha ear and tha most costly to repair if directive. 
Tb* amount of eomprerokm in the cylinders may he 
aeospted as a rough sad ready trot fro engine condition. 
Ton orat tha eaokshaft slowly with'tha starticg.or&nk. 


testing one oylinder at a time by opening the eompreroion 
relief cocks or removing spark-plugs from all exoept the 
cylinder to bo tested. If the piston does not encounter 
a positive resistance to upward motion, this is an indica¬ 
tion that the engine is not in tho beet of condition. The 
valves may need regrinding, which is not a serious fault, 
or the valve beads may be scored, pitted or warped, a 
more expensive condition to remedy. The oylinder may 
bo scored, the piston rings broken or stuck or the cylinder 
born worn out of ronnd. Keek the fly-wheel slowly baek 
and forth if that member is exposed, to note if there is 
any looseness in the eonnoeting rod bushings, which will 
manifnet itself hy a knocking sound. The skilled me¬ 
chanic can dotoot looseness at throe points merely hy the 
“fool” at tho starting crank. If possible, remove either 
tho cylinder head casting or the bottom plate of the crank¬ 
case, preferably both, to examine tho engine interior. 
The conneoting rods may be lifted hy the hand to detect 
looseness after the bottom plate is removed and the 
crankshaft may bo tried for looseness of main hearing 
liy placing n jack under Ihn crank webs and lifting on the 
handle. Depreciation will he indicated by a slight 
vertical movement of tho shaft. Trot the valve operat¬ 
ing system for wear hy noting the amonnt of lost motion 
between the valve lift plungers and plunger guides, and 
in tho rocker arms ns well if overhead valvroaro amployed. 
Ixist motion at these points may mean a noisy motor. 

A good idea of tho care the car haa received may bn 
obtained by examining the engino for superficial defects 
such os scan, rust or wretches on the parts. Tho wiring, 
spark-plugs and magneto should be examined carefully. 
Tho wiring should be In good condition, with tho lnaula- 
tlon free from cracks and oil deposit*. Ben if the magneto 
and carburetor are of modern or obsolete design os this 
will give somo Indication of tho age of tho oar as will tho 
general ongino design. Wear at tho various small 
joints of the control lover* will indicate the service tho 
car has given in many instanoro. Examine tho carbure¬ 
tor and note if there is any leakage of fuel from the float 
rlmmlmr which means a defect in that member. Look 
over all the nuts and bolthoods, rods and pipe and notice 
if tho surfaces are marred or edges ohlppod ss by a cold 
chi sol or pipe wrench. If these are bruised it indicates 
that the ear has boon poorly looked alter, aa nothing 
indicates the careless mechanic more than bolts or nuts 
that have boon turned by a chisel and hammer or a 
Stilson wrench instead of a properly fitted spanner. 
Patches im the water jacket show that throe have been 
filled with i«V at some time, another indication of oare- 
Iensues*. Note also if parts are held togetliur by proper 
fastenings or if they are joined hy pieces of wire, as wires 
indicate temporary repairs and lack of thoroughnen. 
Examine tho water connections, pump and radiator for 
leaks, ae these also indicate inadequate attention. Teet 
the fan boanngii for looseness and look at the fan boll, 
and if it is oil soakod, crack id ami loose, it is further 
proof of lack of attention on the i»art of tl«> former owner 
If examination satisfies the ius|iec1or that the engine 
is not in liad oondition, have it started and note the 
regularity of running. If tlio engine will not slow down 
it shows that the mixture is riofeclivc, lliis usually being 
duo to air leakage caused by dotonorut mn of tho inlet 
valve stem guides in I,lie cylinders, winch condition tn- 
dioatee long and hard service. Note twlicularly if the 
engine runs quietly. Knocking sounds are usually due 
to unr of throe conditions, rnrlsin deposits in the com¬ 
bustion ohwnlmr, mechanical ih-preniution at lustring 
points and overheating due In defective cooling or lubri¬ 
cation. If the demonstrator claims the trouble is due 
only to carbon deposits, suggest that he remove these, 
wliioli is not an expensive job, and call again Inter to 
ltstra if the knocking lias vanished with the carl sin. IT 
the radiator steams after the engine lias Ihtii run hut 
B short time, it shows defects in the cisiling system or 
faulty lubrication. If the exhaust gits is full of white 
or grayish smoke it shows that the internal engine imrli. 
the pistons, rings nr cylinders- liute worn sufficient!) 
to allow tho oil to |wm through the engine If (lie < x- 
liatist gas is full or black smoke, this slums nil ovnisucly 
rich mixture. A worn engine will urteii run with a rich 
mixture when it will misfire with one of pni|ier propor¬ 
tions. Squeaks ilenoto dry ls<aring surfacra, rattling 
shows wear in valve operating iwohniusni. grinding in¬ 
dicate* worn timing gears, hissing denotes compression 
looks, whistling sounds leaky packings in crankcase, 
while a sharp hiss or blowing sound slums exhaust gas 
leakage at some puiul. Irregular i>|MTutnui nr un ¬ 
tiring usually shows faulty net inn or the ignition system 
Next in order to tho power plant conn* the eluteh 
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and gcar-tuix. The condition of the clutch can lie lxmt 
determined when tho or in demonstrated. If tho unglue 
raoofl and tho or fella to move correspondingly feet, 
it means slipping; if the or start* with a Jerk, it ahowe 
berah clutch action due to a charred or alilf clutch lother 
on a cone, or burrod and scored plate aurfai-oa if the clutch 
la a multiple dude type. If there ia nny difficulty in shift¬ 
ing gears promptly, the clutch probably docs not releaae 
eomplolely, this indicating defects in clutch spring 
thrust hearing or drag between the clutch members at 
some point. Take tho cover off the gear-box end seu 
wliat kind of grease is till'd for oiling. If tho grease Is 
fidl of granulated cork or wood ftWra, it is reasonable to 
assume that the gearing is badly worn when recourse 
is had hi snob u nostrum to scrum quiet operation. Kx- 
ainine the eilges of Ihe gi-ar teeth, especially those of the 
intermediate speed membiTU carefully to ace if lliey are 
luully burred or worn. The condition of the inter¬ 
mediate gear tenth is a gtsal indiealuin of the amount 
of service a iar has given or the skill of the former opera¬ 
tors as this Sliced rutin is the olio most widely used. 
(Irasp the main shaft firmly and try to move it up and 
down. Any vertical movement indicates wear of the liear- 
iiigs. Do the same with the countershaft. If there ts 
iiiueli movement, it nut only means that the gearing will 
I s' noisy in untion but that difficulty may lie experienced 
in shifting gears. It also indicates that new liearings 
are needed, which means considerable expense if these 
are of the anil-friction typo. Kxaminc also the amount 
of wear between the shifting forks and the sliding mom- 
Imts on the mein shaft. This will not bo serious unless 
the car has been used for a long time. 

If the change speed gearing is of tho friction disk type, 
ksik for wear on the llhcr wheel as well as on the driving 
disk. If tho fiber is “hruomod" over tho edges or if the 
disk is liadly grooved, it means slipping and failure to 
drive positively. If the gearing Is a planetary type, 
examiiui the linings of the Imnds. If these are worn and 
the drums grooved it is a good indication that the geuruig 
has lieen In use for a long time. A worn planetary gear 
is also very noisy when the engine is running idly or in 
low spend ratio. 

The usual method of power transmission from the gear- 
Ikix to the axle drive geoss is by shaft and one or two 
universal joints. Wear at the universal joints can be 
detected by grasping the shaft firmly and trying to oscil¬ 
late It. If side cluuu ilrivo is used on a pleasure ear the 
model 1s at least four years old. Chains are tested by 
bending the slock portion sideways to see if tho joints 
are worn. Thu spns'kets should be examined to see if 
the teeth are worn hook-shape as this indicates extensive 
use. If the drive is by live axle, jack up that member 
and trot for looseness in the drive gearing by turning the 
wheels slowly, both at the Bame time and in the same 
direction. Lost motion between the wheel hubs and 
driving shafts, at the gear tooth or universal joints may 
be easily noted. Turn only one of the wheels, if the other 
turns of ill.'ll in a reverse direct on or stands still, the 
differential gear Is functioning properly. If the differen¬ 
tial gearing doe* not work the wheels will turn in the same 
direction and it will be difficult to retard the motion of 
either without oonsiderable effort. Whilo the axle is 
jacked up, It is possible to test the efficiency of the brakes, 
both external and Internal. first pull on the emergency 
brake lever and try to turn the wheels by grasping the 
spoke* near the nm. The wheel* should be absolutely 
Immovable it the brake Is holding properly. Kolease the 
emergency tjamlle and have some one hold the service 
brake pedal engaged and re|M<at the trot Remove the 
cover from the differential bousing and examine the bevel 
gear troth, especially those on llic drive pill in which 
wear fastest. If any piece* arc broken out of the troth 
or the surfaces flaked or rough, new driving gears will 
be necessary. Also lest the differential supporting I war¬ 
ing* by lifting up on the differential case with a pinchtiar. 

In addition hi the points enumerated, there arc Humor¬ 
ous things to inspect about the ohassis. Try the steering 
gear for back lash at the reduction gear*, which is evi¬ 
denced by the degree of lost motion at the steoring wheel. 
Uiok over the joint* at tho drag link or tlo bar fur looso- 
ncs*. This can bent he determined by jacking up tho 
front end uf the car. Test the steering knuckle* for 
wiar between them and tho king holts; also nulioo the 
amount of shake in the wheels. If wheel bearings are 
in good condition, the wheels will turn easily and will 
have no shake. A luully worn starting handle hearing 
or worn ratchet troth on ulutoh indicates tho amount 
of service the ear has received. Tho rear wheels must 
also he tested for bearing looseness. The miscellaneous 
brake rod liearings. control levers, torque members, 
sprilgt shackles, spring clips and other similar parts may 
be tested for bsMeness as great depreciation at these 
points show that the ear has been used for some lhn«. 

Tlie condition uf the tires, paint, upholstery and ao- 
■•■uMiric* njusl also be taken into consideration. Casings 
with blow-out sleeves laced on or with patches cemented 
lo their surface are apt to blow out at any time, as are 
thusc with dc'ii ganli'T or bruises or with oxpnard fabric. 
If s|iaru easing* are inoluded in the equipment and are 


nicely encased, do not have any oompunotkms In remov¬ 
ing the case to make sure the casing is a good one. An 
old, wnrnoul shoe fills out a tin case u well as a good 
one. If the paint and upholstery is In good oondltion, 
It may be taken a* an Indication that the ear has re¬ 
ceived intelligent care If the appearance of the me¬ 
chanism points to tho same conclusion. 

Having carefully examined the car, you are ready for 
s demonstration. See that there is no great difficulty 
in starting the motor and that it does not vibrate unduly 
or make much noise. Before going out, insist on having 
the full number of passengeri the oar is supposed to 
carry. Oonupy a seat convenient to the driver so you 
can watch the way the ear is controlled. Obaorve the 
action of the clutch, see if the oar will start smoothly, 
without jar or noise and if the gears shift promptly and 
without noise. Note the case of oontrol, the aoodoraUng 
qualities of the motor when tho throttle Is moved and 
where It is necessary to set the spark lever. If the spark 
is not advanced much, it means that the driver must 
nurse the oar along. Note if the car Is easy riding on 
rough |lavement, not only on smooth roads, and also 
if It rattles or squeaks when operated at moderate speed 
over rough highway surfaces. Pick out your own route 
for a demonstration, taking a variety of roads, some 
rough, some well pavod. Be sure to try the hill climbing 
ability of the car and note closely the gear ratio required 
to surmount gradients. If the hill is moderately steep 
aud tho car lake* It on the high or intermediate speeds, 
you may he assured it will have power enough for your 
needs. Have a demonstration of at least 60 miles. Any 
old ear will run around a city block a few times without 
trouble. Have tho gasollno tank filled before starling 
on tho demonstration, and on returning see how much 
will bo needed to refill the lank. This will give some idea 
of tho fuol consumption of the motor. 

The more expensive tho oar, tho more thorough the 
inspection of parts and demonstration should be. Do not 
buy a big car because it is cheap and appears to bo a lot 
for tho money. A while elephant would bo expensive 
to the average man at a cost of one dollar. Do not 
buy some millionaire's discarded plaything unless you 
have enough to maintain it, In which case you will not 
need to buy a second-hand ear. If you purchase from a 
dealer, be sure ho is responsible; if from a private 
owner, ho sure ho Is a bona-fide and not merely a com¬ 
mission man posing aa such. Check hi* claim with tho 
State registration figures. If tho demo nut ration is 
satisfactory, hut several adjustments or some rejiairs 
ore necessary before the oar is in proper condition, 
stipulate that all of these shall be made brfore delivery 
of the car, and do not pay for It until satisfied that the 
alterations have been made. Take your time in the 
selection of a car; examine several, weigh their relative 
advantages and suitability for your use, and if possible 
patronize some responsible dealer, and your purchase 
will be entirely sallsfadiry. 

The equitable charge for second-hand ears depends 
entirely upon the popularity of the make In question. 
Even tho most popular car will depreciate In value about 
30 per cent the first year on an average. The two-year 
old car will have depreciated 60 per cent in that period, 
a thn**-ynar old model should he availahlo at about 40 
per cent of It* cost when new. After that point a certain 
rock-liuHom value is reached which does mil change 
much us lung os the car remains scrvlcwble. 

An Inventors’ Bank 

By Oar Berlin Correspondent 

Tn* world 1* indebted for tho greater pnrt of Its 
tiislcrlftl iwneis'rily to Inventors, thnt Is, a class of 
issiple who. Ml far from enjoying universal esteem, are 
re tiler treated as ftoelety's step-children. While In¬ 
ventor* have done so much for the world practically 
nothing Itu r been done fur them, llow Insignificant la, 
in fHCt. the slight service tendered by Patent Offices, ts 
cr.miared with the Inventor’s whole-hearted devotion I 
Apart from the fact that the frcqussrijjf‘ ! tnadnqnat* 
protection must be purchased by pecuniary sacrifices 
which the average inventor only too often is unable to 
afford, a patent unfortunately conveys no guarantee of 
succcm Official records go'to show that only a email 
fraction of all the Inventions approved by the Patent 
Office actually find their way Into lnduatry, while even 
of these only a few achieve anything like real sneotas. 
Though among those nipped in the bud there are many 
Inventions of a perfectly useless daKriptkm, other* 
doubtless deserved a I letter lot, and their disappearance 
means not only the definite end of hope to the hapless 
Inventor, hut ihe loss of considerable, may be lowtl- 
msble. values to humanity. 

While Ihe Htate stands a great part of Ita budget lit 
the purely negative endeavur to protect the national 
wesllh against isswllile atiseks from outside, It ao fkr 
neglects another task of a more positive characte r, via, 
promoting the Inventors' work and thua directly In- 
creasing (be wealth of Lbe nation. Where** practically 
all profearione find credit with some honk or other, oa 


their prod** mcrchandlae, ate, there is ee fir no hang¬ 
ing Institute granting It* financial *M to Inventor*, 
and unlaw then succeed In obt* filing the sw ds ta no e of 
private parties, or have some fin a nci a l m ea nt of their 
own, the way to socceea will never be open to than. 

A Summits a engineer Bring In Berlin, Mr. S. 
fichnfirer, has devised a scheme which, if properly mi¬ 
lled, might result in the efficient assistance and ntiUth- 
tlon of inventor*' work. According to ScbnOnr*! opin¬ 
ion the Qerman Empire, with a yearly expenditure of 
VJJOQDftOO marks, that la, about four per million of lta 
yearly budget aa a maximum, could not only afford to 
all Its Inrcntora, in ao tor as they mlly decern It, the 
possibility of definite success, but at the atme rime con¬ 
tribute In no small degree to tha progress of humanity. 
This scheme comprises the foundation of an Inventors’ 
bunk which. In lta laboratories workshops and testing 
plants, would, at the Inventor'a request, develop any 
Invention patented In the country, until It* practica¬ 
bility or otherwise lias been brought out beyond any 
possibility of doubt, either with or without the Inven¬ 
tor's assistance, the latter alternative applying mostly 
to the case of layman Inventors. 

A negative result would be reported to the Inventor 
In writing, with all details aa to the factor* at Issue. 
If, on the other hand, the practicability of an Invention 
ban boon brought out, the luventors' bank takes all 
necessary steps to turn It to account, in Germany aa 
well as abroad, to the beat of the Inventor'a Interests, 
by the sale of patents, granting of royalties, or the 
foundation of special companies. 

Of the profit derived from the Invention, tlie liank 
would draw for Itself 40 per cent until all Its expetistw 
ore reimbursed, pitta 8 per cent Interest per annum: 
after which Its share In any further iiroflt would be 
2u per cent. 

Though there he every reason to suppose that tho 
bonk, with so liberal a reward for services rendered, 
would do gust business, there might still be some risk 
for Its shareholders, especially during the first few 
years, on account of the great novelty of Its operations. 
In fart, even the bait of Inventions take some lime to 
assert themselves; snd It would therefore only be Just 
for the Htate to grant Important privileges tn a finan¬ 
cial liudltnte hound to exert such s beneficial influence 
on the economlcnl development of the country. 

Whenever all of Its shareholders pay In a certain 
slim, the Htate would have, In its turn, to pay the same 
amount lo tho tank, milII a total amount of 2tl0.000.0on 
marks has been thus paid by gradual installments 
subject to Ihe following conditions: 

Of tho yearly net profits of the Inventors' tank the 
slmrclinlder* would, In the first plsro, a* fur ts these 
profits be sufficient, receive as a dividend, 10 per cent 
of the capital contributed by them. Of ihe balance the 
Htate would he granted one fourth, year for year, until 
the payments mad* by the same (200 millions as a 
maximum) have been refunded, plus 4% percent yearly 
Interest. Even after being thus reimbursed the Htate, 
however, will keep lta right of controlling the basinets 
of the hank. 

What would the actual cost to the Htate of the 
sums thns granted to the tank! Twelve millions aa a 
maximum per year, for about sixty years. In the most 
unfavorable case. L e., If Ihe Htate should have paid 
the tank fully 280 millions without receiving anything 
In return. The 8tale could. In fart, obtain throe sums 
by means of n 4 per cent loan, redeemable after about 
sixty years. The advantages to lie expected from the 
working of the hank far Individual* and the conntry at 
large would, however. In Hchnflrer'a opinion, more than 
outweigh such a sacrifice of 12 millions a year aa a 
maximum. 

In drawing up the statutes of the Inventors' bank, 
care wonld hare to be taken for It* mode of working to 
merit unlimited confidence on the tart of Inventor*. 
Thl* would, among other thing*, be obtained by the fol¬ 
lowing regulations; 

1. No employee* and mem bets of the bank should be 
allowed to patent anything, directly or Indirectly, not 
even within the flnt five yean of bte tearing the bank. 

2. The bank should under all drcumgtaDoaa .work 
hand-in-hand with tha Inventor in every thing pertain¬ 
ing to tha promoting of hts lnrenttab y 

A In order to avoid any conflict of interest* with an 
lured tor promoted by the bank, the latter ebould never 
participate (financially or otherwise) in an undertak¬ 
ing liable to engage In the sale or working of an Invsn- 
thm promoted by the bank, unkaa the latter share In 
the Interest* of (he Inventor at the statutory rate of 20 
par cent for the bank and HO per cent for the Inventor. 

4. The capital and other maana of tbt Inventors' 
bank should be used by tha latter not tn working or 
selling inventions, but only la developing Invention* end 
Inducing other* (capttaUsta. burin*** men, or tndastrtal 
roou i to work or sell the inventions promoted tty the 
hauk to the hast Interest* of the luvaotor, to whose 
profit the bank has * pennant gfia** of «0 par mL. 
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Bmt ObMmdM of Polaris by DajMgfci 

»U<rtT.a.BvarifcPMtBHnbMrlBlc 

ouaunoii or realms nr datuoht. 

It baa Imn reoognbed by aurveyw* tot a number of 
yuan that U ta passible to observe Polarte by daylight 
through the telMeope white It te attU invlrlblo to the un¬ 
aided eye. The method* aot forth for thte purpose have 
not boon used extensively, howerer, because of dlfficui- 
tta* In lotting the (tar within the field, and alao In find¬ 
ing k when It In known to be there. The required com¬ 
putations of axtmuth and altitude of Polarte are often 
inoonrentent and aomettme* uncertain for a buay tran- 
altman. It te believed that the previous trouble* will be 
overcome If the following table te used and the anbae- 
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•ir 
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•38' 
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•on* 

t «Tlw hour aro 

S'limd* 

flv» minutes rafllr- 

kafisiss 18 ***® 


account of the required change Into tedere*] time, to be 
commonly and confidently used. 

The admirable Ephemerl* now bwued by tlte General 
land Office tabulate*, for every day of the year, tbe 
Greenwich meen time of the upiier culmination of 
1’oUrta, Tbe possession of thcae date In tbe field make* 
It pomlble to easily compute the hour angle of the star 
at any desired time of observation by simply taking the 
algebraic difference. In hours, minutes, und length of 
minutes, between the local wean time of upper culmina¬ 
tion and the loral mean time of observation. The 


The following steps 
1. Tbe tabulated Greenwich mean time of upiier cul¬ 
mination must be corrected to the corresponding I.IIT 
on the merhllan of observation by subtracting from It 
the following correction for longitude • 

3.1) correction. 1 


2. If the star whwi observed Is west of the meridian 
the corrected time upper culmination, for the civil 
date of observation, la subtracted from tbe hUT of ob- 
servatlon. If tbe star when observed is east of the 
meridian the LUT of tbe observation 1s subtracted from 
the corrected time of upper cuiuiltiHtlnu for thp civil 
lisle succeeding the observation. The result In either 
case Is the exact hour angle of Polaris. 1 

S. Using the exact hour angle as an argument, the 
gilmnth of Polaris Is derived from the table of Asl- 
mutlis of Polaris (Kpbetnerls pp. 14 and lfl>. Interpola 
lion helng also made for the declination of tho star and 
for latitude. 


"iSrtourM 


Polaris may always be found In clear weather aa soon 
ns the sun has set and very frequently for five or ten 
minutes before sunset or after sunrise. It la stated 
on good authority that under very favorable conditions 
the observation lias been successful as late as 10 o’clock 
A.U. In tho northern United States the cross wires 
may remain risible for a long time after sunset 

For the novice It Is often difficult at the first few 
attempts to aee Polaris while the sky Is still bright but 
after once having found the star, which aiipears as a 
small white dot In tho field, bo will never thereafter 
tool hi doubt Qrunted that the tabulated settings are 
sufficiently accurate to bring the star In the field, there 
will still remain several factors which must Is- given 
suitable consideration before success can bo definitely 
assured: 

V. A slight hsalnei*, which may hardly be obvious 
to the eye, to sufficient to conceal the star until dark- 
nan cornea on. 

3. The telescope must be In exact tools tot ifldsllai 
objects. This may be accomplished either by focusing 
at bight ukioh the to bon awl making a slight scratch 
upon the objective slide, to show tho point to which it 
Should be extended, or the surveyor may focus at the 
time of observation upon a well-defined object 3 or 4 
miles distant, which focus will usually be found suffi¬ 
ciently clow. Aivursto focusing Is one of Uh» most Im¬ 
portant faetots In finding tho alar, but one that is too 
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3. For tho purpose of cutting off objectionable light, 
the sunshade should always he attached. Additional 
Certainty of finding the star Is rendered by throwing a 
coat or other dark cloth over the head when searching 
through tbe telescope, as a photographer uses a focus¬ 
ing cloth. 

4. An approximate meridian must be had, from which 
the aahnuth act tings are turned off. Commonly the sur¬ 
veyor will Already have such a meridian from his 
h*i-k.i r bt otherwise, a meridian determination from 
a solar attachment In reaaouable adjustment Will auf- 
fire. Sometime*, when the magnetic declination te 
closely known, it will eveti be possible to turn upon the 
star horn the needle. A reference meridian which te 
true within 06 minutes or 10 minutes will be precise 

enough to locate the star when the table of approximate 

settings te used. 

The use of a reference mark te contemplated, rocb 
as another station of the survey, or a hub, or a distent 
vril-defined tree or snag on the skyline. Polarte baring 
been foutfo the angle from the reterwc* mark to the 


and the mU angle are than uaed to find the 
ithemarkby tb* tisxpllflad hour-angle method.jn*r* 
__flhanca that aay other star will be 


•an hour »n*l« correct wILbln Ovc mlnuu« la Mink-twit for tho 
purpose of this table llancc there h no nml to corrm-t the Hnv 
Of upper culmination f(w k>ngtu»de until the Axlmuth or Pol art. 
b looked up In the Kphecnerh. 

The Pottefy tadMUy of the United State* 

A asftiat dh the potfety Jiidhntfy In this country has 
iwortilly been published by tho Htiteali of Edrrtgti Slid 
Domestic Relations of tbe Department of Commerce 
that contains much of Interest nnd si so some surpris¬ 
ing In forms I ion In regard to manufacturing and com¬ 
mercial conditions, one of the most remarkable of 
which Is that the potters of the United States tre with¬ 
out adequate knowlcdgo of the costs of production in 
their owu Industry. This la bnt the natural roault of 
liisdeqllalp cud methods, hot why such business meth¬ 
ods should exist Is difficult to understand. 

Tbe Industry appears to be In a decidedly healthy 
condition, for It la stated that from 1001 to 1913 tho 
value of pottery products Increased 82.6 per cent and 
profits ranged from 21 per cunt to 7.73 per cent, Iho 
latter Indicating a lose of 4.08 per cent 

Extreme variations In cost of production were found 
to exist In different potteries, due In no small part to 
the different conditions In different plant* and to tho 
methods of tbe fflihatacturera. The successful manu¬ 
facturer* may be divided Into three group#: those who 
have large kiln capacity and market great quantities of 
excellent ware that Is sold direct to large retailers with¬ 



ers who make a white ware of tha beat quality, well 
decorated and selling at good price*; the test clasa pro¬ 
duces “scheme" ware, which 1s sold at relatively high 
prices to distributers of coffee, tee, cereals, beer, etc. 

targe differences In cost of production were found to 
exist between the potteries of the United State* and 
those of Europe, tbe level bring considerably higher in 
thte country. In tact (except one establishment In Aus¬ 
tria), tbe lowest cost of production In any American 
pottery exceeded the hlgbret cost of production in any 
This condition will be under, 
an examination of the following figures pre¬ 


sented In tbe reiiort: The coat of all materiala and ex¬ 
pense*, excepting labor, In tbe manufacture of white 
ware in the six representative American earthenware 
mtabltubmeats averaged 2.00 per cent higher per 1,000 
cubic feet of glost-klln apace fired ttmn the cost In Eng¬ 
lish earthenware llotteries, 0.25 per cent higher than in 
Austrian china potteries, 202 per cent higher than lu 
German earthenware iwtlerles, and 17.77 tier cent 
higher than In German china potteries. Tho labor coat 
fur the same unit averaged SI s per cent higher lu tbe 
American i-otterlee than lu those of England, 76.9(1 per 
cent Itlgher Hum in German earthenware potteries, 62.0 
tier cam higher tlian In Austrian china potteries, and 
138.07 per cent higher limn lu German rhtun |silterles. 
The total cost of manufacturing white warn In the 
American establishment h was 38.43 per cent higher than 
In Ihc English potteries, 33.83 per Cent higher than in 
Gennun earthenware potteries, 00.13 per cent higher 
than in German chlua |ml terles. and 30.20 tier cent 
higher than In Austrian ehlnn ilotteries. 

One of the reasons for high wist of pnsliieLlon In this 
country results from Ihe issir Pavilion and luul arrange¬ 
ment of the plants, which have hHd n haphstard 
growth. As a rule American potteries tmie evolved from 
small plants, and aa business increased poorly arranged 
additions wore made, so Hail only a few estiiUllshmenls 
have thoroughly modern plants iquliipcd throughout 
with up-to-date machinery Many of the establishments 
are poorly located In reference to transiKirtatlon, snn- 
venlcnce to their suiiplles of raw lnalerlals. and to their 
markets. The machinery and equipment In use In Ameri¬ 
can nnd foreign potteries are fundamentally Ihe snmo. 
hut the American establishments hare lieen slow to Im¬ 
prove working conditions and to lnerense their efficiency 
by the Installation of some Improved devhv-v sweess- 
fnlly used In foreign factories, and In many eases it 
wimld npiienr good iwlk-y to scrap the plants nnd estab¬ 
lish complete modern outfits In suitable locations. 

Competitive prices of American mid foreign ware In 
the United States are not determined solely by the dif¬ 
ference In costs of production at home and abroad, 
other factors. Including customs duties, transportation 
charges, and Incidental expenses, are sufficient to off¬ 
set Ihe difference In rust of production. 

Ill spite of the fact that Ihe average wages paid In 
Americali |sitlerle« lu the different iaru|i*tious are 
higher tlian those paid In European potteries hy from 
DO In over (WO per cent, the labor cost per unit of prod¬ 
uct never shows so great a difference as 82 per cent 
(except In German china plants) This indicates the 
greater efficiency of Ihe Amcrlrnn workmen. 

The wages fur American skilled workmen In earthen¬ 
ware ilotteries were from 01.03 to 23028 per rent higher 
than In the English potteries, while the cost of tabor 
|«r unit of product was 818 per cent higher In the 
American potteries. The tact Is that, while workmen 
to foreign potteries receive lew* In wnges than Ihe 
American, they do not give ns valuable n retnm for 
(heir wages. The difference Is even more striking In 
the Austrian and Germnn china |ki( terles. The Aroert- 
esn wages were from 161.94 to 000.24 |ier cent higher 
than In the Austrian establishments, hut the tabor coat 
per milt of product waa only 02.0 per cent higher In the 
I'nlled States. American wnges ranged from 13000 to 
6x2.8 per cent higher than (bone In Germnn china estab¬ 
lishments, while the difference In labor cost tier unit of 
product waa 138.07 per cent In no case was tlie differ 
cnee In average labor coat per nnlt of product so great 
as the minimum difference In wages for the an me 
occupation. 

It 1s expected, however, that tbs American workman 
shall proride for himself tho many benefits which Euro¬ 
pean countries have arranged for him. Included under 
tho general title of social Insurance, tho European work¬ 
man Is provided against the contingencies of sickness, 
especially occupational disease, which Is unfortunately 
prevalent In this Industry, and accident invalidity, old 
age, or death, and In some cases of unemployment. 

There 1s a distinct need tor more scientific methods 
of production, which can be brought about only by 
highly skilled Instruction and more scientific research 
work. There are twenty-two technical school* in Ger¬ 
many and eight In Austria devoted to instruction In 
ceramics and the development of the pottery Industry. 
England has a number of high-grade schools In which 
similar instruction 1s given. In the pottery centers of 
the United States there are no such Institutions, and 
the avsrags pottery In this country cannot afford to 
employ a ad entitle ceramic chemist who Is not also a 
capable pr actical manager, a combination of qualifica¬ 
tion* which is rare indeed. The work of the Technical 
Chemical Baaeareh Institute of the German government 
Indicate* what might be done In this direction. Tho 
practical co-operation of the United States Government, 
through the Bureau ef Standards of the Department of 
Commerce and other Government agencies, with the 
manutactnrera is accomplishing modi In advancing lb* 
standard of Amadou pottery. 
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The Treasure of Lahurf 

Beautiful Jewelry Ornaments and Tools Found in a Plundered Pyramid 


A *41* gray pUo of brickwork stands high ou tbu 
d— art edge at tbs entry to tbs Faytun, some sixty milt* 
sooth of Cairo. Here was borisd a crest sovereign ot 
tbs land wltb all bis family: two hundred generation* 
of the descendants of hts subjects have come and none 
since then. Nearly all the tombs of K*yi>t were ran- 
tanked in early tluies, probably within flfty or u hun¬ 
dred years of tbe burial. This Kin*. Meuusert II.. bail 
no humanity: bln pyramid was entered, bis saroophngu* 
broken open; no trace of bis burinl remained. IJbi*- 
wise tbe tuuilw of bis family—oil were nttiu'kfd. Five 
empty- tooilie stand alou* the south side of tlic pyrninhl. 
without a hone left In place. When tlie ltrltlsh Kcbool 
at Arriurulogy In Kaypt l*cgnu work then* lust Decciu- 
her. a nsnidete ciraranir wss planned lu lay Imre every 
Itivh uf the site, and elrau the rock. so that no jmwtagw 
or ton be euubl remain uiiHmi rclicil. In that rlaumucc 
tlie live tombs Just named were reopened, and entirely 
ctranhd out. Two of tbrne bad not even a coitlu left, 
TIm others had sarcophagi totally Imre; everything 


Its wraiiptiiKH was left ls<bliiil. Honrs. |s>rlis|» days, 
of work had been client on thns raasacklii* the crave. 

‘Trt all tlie time, dose by the plunderers’ side, wns a 
reeisw In tbe tomb which they diaregimli-d. There, so 
dose by that a tall man might have touched the crown 
wftb one hind and the tareojihagUM with the other, tlie 
treasure lay quite nisllsturlml and unnoticed. After 
tbe tomb was opened It stood a yawning pit, gradually 
Blind up by occasional storms mice In a few years wssh 
lug down mud. Hlnwly the caskets rutted, the rases 
fell over, the threads decayed, the beads rolled aiwrt, 
and In perhaps flfty or n hundred yearn Hie whole pit 
was fltled with mod ami dust, and Inst to sight. How 
such a cissddersble treasure ran possibly have emuped 
Hie notice of men who were aealniisly aenrchlng for 
• tteprsdueed fnn~tba lUottroiat London Tievt. 


By W. M. Flinders Petrie 

It, Is one uf the mysteries of tbe Inexplicable pasL 
In the uildst of the recess lay Urn crown: the tall 
plumes of gold and tlie three double streamers of gold 
all lay down list, with the crown between them. They 
had evidently lain carefully deiustted, and never tlto- 
turlssl. The entwu Is u linsul bn nil of brilliantly bur- 
iiIsIhsI gold, with fifteen beautifully Inlabl rosettes of 
gold nrimnd It, ami In front of It tbe royal colirn of 
gold Inlaid, the hend of Isxull. This lieud was missing 
when the crown Hrst Hp|x>nrod; some days afterward. 
In washing the earth from Ihe recess, the brail wiim 
fonnil. Till’ll oyc eye nils missing. I wnalieil and 
scan-InsI minutely, iireservlng Hie suialli-st s|»s-ks of 
precious slonc. Hissi a liny Isill of garnet Npprurrd at 
tlm I tot tom of the hiisliifnl of mud ; tills no larger than 
a pin’s bead— whs the missing eye. Vet llie gold ws-ket 
of tbe eye wns missing. I rcimmlien’d linvlng wnslusl 
nut 11 head of gold which differed from tlimisnmls of 
ollK’ta; looking, I found It Hgalu, ami there was (he 
setting of Ihe eye complete. Aliove the crown at the 


a with mluute beads 
were fastened on the 
iveml with Inlays of 
ml Utlra of Amcnciu- 


of gold cowrie* and gold lion heads. These are Ingcnl- Unships 
nnsly fastened with one piece In two hulvo), Joining only sm-li 
logctlier by a slider, so that Hie imllsr has to ls> miK’h many rui 
(sail raided before It can open. Two beautifully wrought nroninl tli 
iss-torals are of gold inlaid wit lx minute pieces of ear- ducks, tin 
Indian, turquoise, and laanll. In the pectoral of Semi- clusisl, th 
sort there are .172 separate stone* Inlaid. The har- show Iron 
iiiisilons outline of tbeae designs, and the exquisite wrought, 
work, make these the mu*t charming examples of Egyp- such by I 
llan gold-work. are of III 

A great necklace of long drop heads most hsro been central ei 
worn foraging below the other Jewelry. The pendants a trough 
are of gold, rarnellsns, Inillll. aisl amaxon stone. From ihuap so 
the inbldlc hangs the most splendlil srarah known, cut workmen’ 
with iierfert Nlmrpucm In the richest lapis Insult. A very like 
larger figure of It Is put In the middle. Yet another the stones 


ducks, the one lylug dead on nil ultai 
dosed, Ihe other being carried ami al 
show how minutely the sculpture* of 1 
wrought. The llrst lsm|w that cun l 
such by I heir wicks, were found In 11 

nrc of .. with plorcisl disks i 

eelitral eu|i, (o hold up the wlek. Around the cup Is 
h trough to hold water. In order to keep the stone 


tools, there were many i 
ose used to-day; wooden re 
■id a wiKslen hoe. 


How tko Sdeoce of Preventive Medicine Ib 
MbifaBtafaig Accident** 

Tnaaa has arisen on the part of good modiea] thinker* 
and at the eall of an enlightened public, a now medical 
■fcyimlty, the science of preventive medicine. The 
value of men, women and children in our country is 
Worth in money more than twice as much as arc our 
industries, railroads, land, buildings and improvements. 
No monetary value nan be placed on the health and 
happiness of humanity. 

What has been true of tho solonno or preventive 
medicine in the past ti going to be intensified In the 
future. Medical sociologists have demonstrated to us 
the folly of attempting to raise healthy children in tho 
slums. They have shown us the folly of allowing chil¬ 
dren, our next generation of workers, to reach manhood 
stunted in knowledge and health by an impossible 
environment and one that could be controlled. 

In many places we an giving our school children a 
physical examination In our endeavor to And the early 
traces of disease, and to oorreet the disorder before tho 
damage <• done. Students of the work find that it pays 
tbe community in dollars and oents, because they have 
discovered that a Urge percentage of tho children, who 
are repeating yean In school at an avenge cost of *30 
a year per child, are not doing so because of dumbness 
and Inability to learn, but on account of physical de¬ 
fects that oould be oometed. 

Recently a new and powerful force has been Intro¬ 
duced, which depends upon medical mem for Its sun- 
seta, and which will do more to aOeviaie human suffering 
and aconoale lota dec to accidents and disease, than 
any previous methods tried. I refer to the activities of 
the State to classify Its ooddenU, and to plara a pre¬ 
mium upon their prevention, to tench the truth about 
occupational diseases and their prevention and to pro¬ 
vide ihe workingman with a Withy place In which to 
i work. I wish to pay tribute to soma industrial orgwn- 
tetiaw tot thrif efforts to pid tho State in lu work, 
mA to their inkiest In suppMneating that work with 
an adoora*. knowledge of to* phyrieai oomfition of ik 
werkmee, to arte that to so Car os It Is possible no 
maa ShaU bo showed to 4o a kind of work that Is un- 


aKMaMklotOtetei to*.* 


suitable to hi* physical condition. Tho very beginning 
of diaeaau may then ho dolor ted long heforo serious 
damage is done. This, to my mind, simply i* a con¬ 
tinuation uf the work done, when tho school child is 
physically examined. 

What tho Statu’* loss of time is, per accident per 
man, I do not know, but I have learnod from experi¬ 
ence that for men fo badly hurt that a day or more is 
necessary, the average at IJ days for all iiijurim should 
not be oxneotled, if the work is meet efficiently done. 
Diminished numlmrs of Infections, with their inert-acid 
loss of timo, 4 days to 1 of the non-tnfeclod comm, their 
deformities and stiff joints, and sometimes amputated 
mnmliers, test the skill, knowledge and effleieney of the 
medical men. Infections at the Youngstown Sheet and 
Tube Company, where 1 have the honor to be employed, 
numbor 1 In 014 for all open wounds when treated at 
once, Tho ratio of Ohio as reported by Dr. Binkley, 
chief medical examiner of the State, U 1 In 10, 00 per 
rant due to the nogieot of the injured man himself, and 
the other 50 per rant to tho medical cam. Kvory em¬ 
ployer of labor should so organise his fore™ that care 
is given the Injured man in such a manner as to yield 
the minimum amount of infeutions and thus diminish 
the expense and suffering. 

My assnclato, Dr. Dobbins, and myself, at the plant 
iff the Youngstown Bhuel and Tube Company have twvn 
engaged for the lost nine months in studying the rela¬ 
tionship between the physical fitness of men and tluffr 
working efficiency, as well as the relation of the worker’s 
health to accidents. We feel sure that wn see clearly in 
many cases tho relation of poor physical conditions, 
bodily and mqptally, to aooidenti. Tho tost,of such 
stork as this is not bow many men wo can refuse work or 
remove from stork, but haw many it la possihlo to make 
physically fit or how many can be placed at work that 
suits their physical condition. 

Under our former system we waited until from physical 
weakness a man consulted a physician, and was told 
the oause, while lu tbe meantime he ignorantly ex¬ 
posed to infection his wife, ohildren, and fellow work¬ 
men. By repeated examinations we frequently find 
evidences uf Incipient tubereulosts, remove tbe man 
to a sanatorium for euro, while a cure Is posriWn, stop 
tbs posribdity of tbs affiloted Infecting his family and 
Mow sink.. rston him to tbs shortest tins 


necessary for a cure, to his family, and to society, * 
useful producor and a'so a non-infecting Individual- 

U|sin tho eyesight of all men depends their own and 
others’ safely. I recently examined a motor eiane in¬ 
spector, who had so litllo vision that ho oould not count 
Augers held at arms length. A little advira and a 
proiwrfy fitting pnir of glasses made him an efficient 
and safe man, liesidrs adding to lii* own onmfnrt and 
removing bis handicap. 

It is riiiiiiciilly not fair to ask a In-art case to com¬ 
pete for his living with those of sound heart, for sooner 
or later, the lieart ease will Ixx-ume iiica|ioeitated and 
become a burden lo his family; a public charge maylie; 
certainly an economic loss. If placed al work suitable 
to his lieart condition, the mnn may give good service 
for years. Ili-nun. or rapture, usually a congenital 
defect of nature, has bran a [Hitcnl cause of inefficiency 
as well as a source of physical disease and absolute 
danger. F have Ism obliged recently lo operate on 
two men whose hernim had become strangulated while 
at work, ami requinsl immediate operation to save 
thoir lives, ft will raise tho health and efflohmny of 
mon if wo plu-o trusses on the suitable cases, and ad¬ 
vise operation wlicn it is nn-essarv. Many a man suf¬ 
fers torments from a supisiscd rheumatism, when in 
reality ho is troubled with flat fuel, a condition that if 
treated with arch supports can lie remedied and all 
suffering removi-d. 

If these methods tiring health, happiness and greater 
safely lo tho workingman, them la only ono way In 
which the results can bo galnod, and that is by the 
frequent examination of all individuals. These same 
results could he obtained If we would consult our physi¬ 
cians at stated intervals, but we human individuals 
havo not yet learned to spend our money when well, 
to prevent being sick. Industry is just beginning to 
(earn, that it is worth more to prevent sickness than 
to wait until "the hone Is stolen.” 

When tlm proper intimacy between medical man 
and employee is established; when men are examined, 
defects found and advice given as to remedy, then 
exists the opportunity to toll and educate large maasra 
of people regarding sanitary living, proper ventilation 
of the home, the truth about the Burki n a n a ss of diseases 
and how to care for them, a* well si how to protect 
themselvta and othwi from Infections. 
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Washington-Paris Longitude by Radio Signals’ 

A Valuable Application of Wireless Communication 
By F. B. Littell and G. A. Hill 


A proposal from (’apt. J. L. Jayne, II. 8. N., super¬ 
intendent of ttin Nuvul Observatory, to determine the 
difference of Inngltndc between the Naval Olmervatory 
at Washington and tin* Observatolre do l’arla at Paris, 
France, hy tin- iiho of radio signals from Iho naval ata- 
Uon at Itadlo, Virginia, and from the Klffel Tower 
station III I’arla, having Iwcii ravoralily ra-elvisl by tlie 
French authorities, |iro|iarntloiiN wore beKim by the 
direction of the Navy l>o|iartinpnt early In the spring 
of lflill. The methods adopted were thoae developed by 
the French and deaerlbed In Determination par la Ttl4- 
yraphUiue tans I'll ie la Difference ie Lonpltnie entre 
Paris rt llizartc anil other publications. 

The longest dlatauoo over which the method had pre¬ 
viously been apjilled wan III the nlKiVp mentioned de¬ 
termination In-tween Paris and Itiaerte. which dlo- 
tniice la alaait IMfi miles, and la order to make sure 
that the method could be extended to meet the require¬ 
ments of the present case, the French government aent 
over a preliminary expedition with four olmervera In 
Manli, llll.'t. This party was equipped with the astro- 
luls- ax uiodttted and Improved by Messrs. Claude and 
lirlcncourt for the determination of time, and although 
It wiim late In tho sen moo for aucceaNful radio tnuisnils- 
hIihi over ho great a distance, the iiarty succeeded In se¬ 
curing a sufficient number of radio cloak eianinirlsons 
on two nlglita to convince them that the radio method 
would bo entirely practicable at n more favorable sen- 
son of the year. 

For the American nhaervera, tan new InundtM worn 
onleml fnim M. I’rln of I*arlM. Tls-y were to la- prac- 
tbally duplicates of thoHc to use by the French otwerv- 
era of Urns' Inchcu ais-rture, thlrty-lhre«> lin-lics fis'itl 
length, with Helf-reglstcrliig right nacpnidoii nitcnNnctera 
driven hy eleclrte motor and controlled hy hand, re¬ 
versible mi cacti star, with hardened Ntoel pivots, and 
electrte lighting. A meridian mark and lens of approxi¬ 
mately one hundred anil fifty feet fisul length was pro¬ 
vided with well Instrument. As It Whs pliiiinial that 
tile work should he done In duplicate liy French and 
Auicrb-an olstervcrs working simultaneously. It wsk 
necessary lo erect two amall buildings 111 the observa¬ 
tory grounds for the shelter of the Instruments. 

For the second ]H-rind, all the observers and astro- 
maulcal Inslruiuents were Interehangcd. 

The astronomical programme waa to oliscrvc from 
7 :30 1*. M. to 1 :.‘MI A. M. local mean tlmp at both l'arls 
him! Washington. As each star was otmervod with In¬ 
strument dlreet and reversed, the colllniHtInn error was 
eliminated except for a small correction depending on 
the length of the signals which waa aiiplled, Uie level 
was determined by the striding level between every two 
star otisprvationH. ami the axlmuth hy means of read¬ 
ings on tlK> meridian marks which were alao made be¬ 
tween every two star olworvatlons. With this pro¬ 
gramme nlsmt five clock stars per hour could lie ale 
servisl. When isisslhle. three or four axlmuth stars 
were idwerved each night. The observing llrt for cucb 
station wuh made up ao Dial In any period of Ihns- 
lusirs the stars were fairly well balanced as to tin 1 
nciiith. Nearly all the stars norUi of the Washington 
xenllh and south of the l'arls xcnllh were common to 
lailli observing lists. The two astronomleal observers of 
i-ach party alternated In observing the first and last 
half of (he evening. 

At Washington the Kleflor standard sidereal clock 
sends Its signals on the even seconds (omitting for Iden¬ 
tification the sero second of each minute) lo a small 
break circuit relay which operates a large 7-pohit break 
circuit relay which distributes the signals to the vari¬ 
ous Instruments of Ihe observatory. Only one of the 
seven points la-lug available, It was used to disrate a 
4 point relay, one of whom |sdnts was used to send tbe 
clcs-k signals to Haillo, one to the French, and one to 
Ihe American chronogrupli. Aa the French chrono¬ 
graph could operate only on a make circuit, uud ns the 
American could operate on either, the circuits were ar¬ 
ranged as make circuits. Hy the ubnve nrraugeuicht the 
4-|s>lnt relay became practically the observing clock, aud 
It was only necessary to determine the lug of the point 
used for tbe chronograph relative to that used to tend 
the signals to Hadlo. This was done hy recording on 
the chronograph sidereal time signals alternately 
through the different points, while at the same time 
mean lime slgnnls wen- Ix-lng recorded throngh nil 
ladeis-islenl circuit. When the French observers ar¬ 
rived. Prof 11. Abraham of the University de l'arls 

• AlntrartMl from a paper la The /tslrvsnmlrsl Journal 
oomwonlrateS by Capt J. A. Uuofewarg, U, B. Navy, Bopor- 
mtsadsat 0. H. Naval Otissrvatsry. 


brought with him two galvanometer pen chronographs 
designed hy himself and especially adapted for the re¬ 
cording of such lags, and bo wry kindly loaned one to 
tbe Naval Observatory. It was more convenient In one 
than tho other arrangement and gave preot'.rally the 
snine results. There was t small systematic difference 
of O'.004 between the results obtained by the two meth¬ 
ods which was attributed hy Prof. Abraham to the 
su|s>rior sensitiveness of bis chronograph. Fur a short 
js-riod at the beginning tbe rotative lag between the 
Itadlo aud American chronograph points was 0*.010. 
The isilnt then In use having been shown by records on 
the much more sensitive photographic galvanometer 
chronograph of Prof. Abraham to be defective, tho 
chronograph circuit was changed to the other available 
isilnt of the relay and after adjustment the lag was 
O-.OCMI and remained so throughout the work. In gen¬ 
eral two records of the lag were made each night The 
time from the chodng of the contact st the olswrva- 
tory to the receliUou of the signal In the telephone re¬ 
ceiver at Itadlo was measured aud waa round to be 
negligible. 

At Paris the Itleficr clock sends Its signals tin tho 
cv»ii seconds (omitting fur IdcntUli'atlnn the 68th sec- 
mid of each minute) and synchroidxni a "clock relay" 
which distributes tbe signals to the chronographs. The 
synchronising ctronlt apparently operates when the pen¬ 
dulum of the duck relay Is at Its lowest point and tho 
Signal circuit Is closed near the end of the awing of 
the is'iidiiluui so flint tho Ipg la either approximately 
+ 0\# or + l'.B, aerordlng to the direction In which 
the lK-lulutum Is swinging when It Is synchronised, and 
as llie click relay omits no signals for. Identification 
and Ihe signal nearest the sero of the Rleflcr Is usually 
culled sero the result la that tho log Is either ap¬ 
proximately + Ovfi or ■ • <r.n. If the control la out of 
action for a time or If the relny bt stopned and started 
again. It Is readily seen that the lag may change from 
one value lo tbe other. 

The prolmhlc error of n clock correction from a single 
star. Including the errors sit star places, would Imllcnto 
n preliable error of ± OVOOS at Washington sad ± (P.Olil 
lit Paris for a clock correction from an average night's 
work of nbout twenty slsrs. Tin- lutereumpusltlnu of 
results by the different observers on the same Instru¬ 
ments anil of tin- results of the French and American 
observers on different Instruments lndtcutes a probable 
error of dock correctlou of ±0*.01S for Washington, 
and ±0\01B for l'arls, which Is considerably larger. 
The difference Is due icrhaps to variable perwswl 
equations or lmperfe<-t Instrumental aitlon. 

The clock corrections were plotted, and the curves 
snllsfy iho observations for Washington with a prob¬ 
able error of + OvOFJ and for Paris with a probable 
error of ± O'.01(1. The use of these curves also fur¬ 
nishes a uieuiia of utlllxhig all the radio obnervatUms 
on whatever nights they were obtabied. 

As the epicli of tile Washington time alvu-rvulhm* 
was ulsiut -Vi hours after thHt of Ihe nirilo observa¬ 
tions, and that of the l'arls time obsorvntbwiH was alssit 
-Vt hours before that of tlie radio observations, the 
effect of Ihe above dlfferemcs on tho resulting longi¬ 
tudes may be approximated as follows: 

I 11 Mean 

+ 0*.01T — (Mm) — IP.Olfl 

At each atatlon tho programme for the radio work 
was essentially tho same. At Kadln, for example, a 
Leroy clock controlled the emission apparatus so as to 
acini out three serini of 420 signals omitting for Identi¬ 
fication the multiples of sixty, the Intervals between 
the successive signals being approximately O'.00, and 
each signal being 0*.fi long. The radio observer ob¬ 
served hy car by means of telephone receivers the coin¬ 
cidences of tbe outgoing signals with tbe beats of a 
■ucuii time chronometer, and as the chronometer beat 
half seconds, he observed a coincidence about once in 
fifty seconds, or usually seven or eight In t series. He 
also noted the omitted signals In sach a way that the 
serial numbers of the signals at the coincidences could 
be determined. With this data it Is possible to deter¬ 
mine the chronometer time of any desired beat In tba 
scries of 420 emitted by the I-croy dock, 

Tlie radio signals having been compared with tho 
comparing mesn time chronometer, this was In torn 
eomimred directly with the standard Itleder stdereel 
clock of tlie observatory by tbe same eolncldenee meth- 
isls, semiring usnally four culiicldenees for each com- 
inrtaon, and two comparisons each night, one Just be¬ 
fore and one Just after tba radio work. 


From the comparisons of tbe signals from the emit¬ 
ting dock with those from the compering chronometer, 
It Is possible to obtain a ehrotitmater tlms from each 
coincidence Bur any signal In the series selected aa a 
reference signal, and by means of the comparisons Of 
the comparing chronometer with the Blefler dock and 
the determined corrections to this clock, It la possible 
to obtain the local sidereal time of this reference signal. 
In order to eliminate the errors In the assumed rata of 
gain of the emitting dock on the comparing chronometer 
due lo errors of observation, tbe signal whose number 
In (he series corresponds to tlie mean of tbe numbers 
of the signals at which coincidences were observed 
ebon Id be taken aa the reference signal. As tills num¬ 
ber Is different for the two stations, the signal corra- 
sttondlng to the mean of tho two numbers was used aa 
the reference signal, and In this way these errors were 
rendered negligible though not completely eliminated. 
Having determined the local sidereal time of tbe ref¬ 
erence signal at Washington and at Paris, the difference 
of these, times Is the difference of longitude. 

Tlie distance from Paris to Washington being 3,830 
mllea, tho ascertained transmission time corresponds to 
a velocity of 176,000 ± 16,000 mllra per second. 

Tlio transmission tlmo from Paris to Blserte (see 
/HJVrewee de /smpUwde entre Paris nl tticerta, p, 107), 
was determined to be 0MJ071, and as the distance Is 
003 mllea, this corresponds to a velocity of 160,000 milt* 
l*>r second. 

The correction for time of transmission as determined 
■Isive has been ajiplled to nil the longitude results. All 
of the available radio observations for each night, omit¬ 
ting rerim In which but a single coincidence was oh- 
sen-rd, have I teen combined to form a single longitude 
determination. There were nine nights In the first 
Iteriml nisi eight nights in the second period when 
astronomical observations were secured at both sta¬ 
tions and when radio observations were made at one or 
Isdli stations. There were also five additional combina¬ 
tions of nights In tbe first period, and five In the sec¬ 
ond iieriod when Independent longitude dete rmin ations 
can Is- obtained by carrying the clock correction at one 
or Isith stations for from uno to three days by menus 
of tbe Hnck rale, in view of the excellent lnatallatlou 
and good performance of the clocks at both observa- 
Iorbo, this Is considered a safe proceeding In tbe pres- 
ent ram-. The wolght assigned for the longitude of a 
night Is linsed on tho number of aeries of radio ob- 
Bi-rvrd. the number of coincidences idwerved in tbe 
series, the number of stars observed, and the number 
of days the dock corrections have been carried by the 


From the data Obtained values of the observed longi¬ 
tude have been deduced for the first and second periods 
of Ihe work: 

X 6" 17- 88MI1B ±0\0115 
II IJ 17 36.R11 ±0.0054 

Hy applying tho correction — 0MKS9 to ouch hi order 
to reduce to the adored meridians of Washington and 
Paris, roqiocUvcly, aial taking the mean tlie following 
longitude, Waablugton-Paris, is obtained, 

B* 17- W.888 rtOVOOOO (A) 

The probable error amlgned Is bused on the assump- 
tloii that the difference between I and II Is due chiefly 
to differences of personal equation between the astro- 
nomkal and radio observers of tbe two partial and 
other similar errors and that Ihe effects of thorn errors 
Are eliminated in the mean, Tho extent to which thll 
Is the case will be shown further on. 

If the longitude Id based on the seventeen nights on 
which astronomical observation, were nude at both 
station, the result Is 


r.™ oomwaoM derived 
fn* the common stirs observed tbe same nights at 
bran stations, tiros eliminating the error, of the Mar 
places, tbe number of nights 1* reduced tb fifteen, tnd 
the poult Is ^ 

8* IT- 30«.«B ±0 > .0661 (0) 
Iftholoe^todel. baaed ou riock eoreectioh. derirad 
from tbe three hour group nearest the time of the 
radio eomparieOM at each station, thin radudug the 
offset of errors In the adopted dock rates, the ntusw 
of eights h, reduced to fourth 

8 * IT- . 1*.030 ± 0 * 2)079 (/), 

If the hmgUode la baaed on the retccn atjd. i . 

(fl) but using dock correctlou from the 

**.«»«- <» «T 2 iT 3 ! 
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V IT- ».m ±0*40*3 (3). 

By tho on of tho dock correction* derived Frau the 
carve, ell tbe radio observations, made on 6T nlglite, 
can be utilised. 

SVoa tbe data thus secured tbe following values of 
the observed longitude for tbe first and second periods 
of tbe work bsve been deduced.' 

I 6“ 17- aevftU ± 0-.004B. 

II S <17 fid .818 ± 0 .0037. 

By applying the correction — 0*XWd to each to rodure 
to tlie adopted meridians of Washington and rarls, ro- 
apectlvely, and taking tbe mean, tbe following longi¬ 
tude, Wasblngton-ParU, is obtained: 

6*17“ a8'.an8 ±omw» (F). 

This value la considered the beet of the six given 
above, wlk-b, though preliminary, will not differ mate¬ 
rially from tbe definitive values to be published In an 
appeudlx to Volume IX, PublioolUmt of the V. H. Novel 
Obtervatary, Second Series. 

I II 

Correction due to diurnal varia¬ 
tion in clock rates. + 0\017 — 0*.O41) 

Correction due to lag determina¬ 
tion for Paris I. + 0.010 

Curm-tion due to variation of 

longitude. +0.001 —0.000 

Correction due to systematic dif¬ 
ferences In levels. +0 .020 — 0.000 

Correction due to difference of 
radio observers personal 


Previously determined values of tbe transatlantic 23. Washington, Now Uheervatory— 


Correction due to ditto 
astronomical ohserv 
sous I equations .... 


•ndSecSteScSi Teen 

Wishing tun, (Hd 
Obs'y-^Oreeo- 

Wuhlngum. New 
Oba’y Psrls 

1. Wkllur. -IMS 


fib 17m Me 70 
30 n 

4 Peirce.I8A0-1M1 

rpowMoonOm. 

5. Walker,.. IK43-1H4A 

6. Lnomk.. . . I83&-1844 
7 QIDke .. 183A-1H43 
h. Wtlker.. lH4ft 

0. Newcomb... lMV-lMO 

10 04 

34m. 57 

33 HA 

34 .AO 

an in 

10 Newcomb .. IH62-1R03 
From^Chroncm* 

0 » 

34 MS 

13. Welker .. IH40 

if*. 14 

3A Ml 

14. Hood .... 1H40 

1A. Bond. . 1MA& 

12* JO 0 (fa‘JO 

:m 70 


In reducing three longltm 
the following adjusted differ 
ls*en used. 

20. (Irtwnwlch Paris . 

21. Washington—Cambridge 

22. Montreal - Cambridge 


The Wasblngton-Parls longitude given in the Amrrl- 
ran fc’p htmeris and Nautical Almanac for 1001 to IBIS, 
0* 17" 30\7fl, Is correlated with tbe Parls-Greenwich 
longitude. 8* 20*.07, which baa been superseded by tbe 
value 0“ 20MK1, corresponding to a Washlngtou-Parls 
longitude of S* 17" 80".71. This value depends on tbe 
WiiNliliigtoii-Greenwlcb longitude resulting front the 
adjustment untile by Hchntl,’ which la 


drin-iulH largely u|sin the result of 
eniilnatlmi of the longitude MnuLreal- 
lie I line of Ihe adjustment only the 
of IhlH result was available. As tho 
e a correct Ion of —(P.OO to the pre- 


Cunbrtdaii Washington 

ClnwnwVh New Ob*y 


iiwlcli-Parls longitude 1 to hi 
20MW2 rt O-.OH 


How Narcotics Affect Plants 

Tin term uarcotlcs Is given In general to those sub¬ 
stances which exercise a powerful effect on I he cen¬ 
tral nervous system of men ami animals. This effect 
consists mainly of a period of excUatloii followed by a 
period of depression or reduced sensibility, which may 
end In stupor or even in death. However, the total 
effect Is a complex of phenomena, which vary according 
to tbe nature, the doee, and the duration of the narcotic. 

There la no physical or chemical property which all 
narcotics certainly possess, but the majority of them 
are marked by volatility and an Intcnao odor, nearly all 
are aolublo In lipoids or fatty substance*, and It acorns 
probable that all are able to jienetrate living plasma. 

While plants cannot be said to have a central nervous 
system, tbe studies of plant physiologists In recent 
years have increasingly shown a marked analogy be¬ 
tween their vital functions and thoeo of animal*. 
Among tbe most striking of these analogies are the way 
In which they react to certain narcotics. Many Inves¬ 
tigators have of late been experimenting along this line, 
end tiie reenlta of their research ere lucidly set forth 
In on article by Dr. Arthur Heilbronn In Die Natur- 
teUumtehaften, which we here rammarixe. 

It is very difficult to distinguish between narcotics 
and potaous, for In large doses or tm> great duration 
I bo former are always fatal. But auaecptlbUUy to them 
varies greatly In species and Individuals, and the *amo 
filing has lies'll found true of plants. TtitM susrepll- 
hlllty, too, can lie lessened by gradually accustoming the 
Individual to larger and larger dunes, a fact of which 
Duma* made romantic use in one of hi* most thrilllug 
novels, and which Do Quincy verified lit reel life, as do 
all “drug fiends.” Kven so can plants lie Inured to the 
narcotics. 

The beet known narcotics are alcohol, ether, and 
chloroform, bat there ere many others, among them 
bonsai. xyloL and beurin. Narcotic gases include the 
compounds of hydrogen end oxygen In Illuminating gas, 
carbon dioxide, and the fumes of ammonia and Prosaic 
acid. Tbe# also’ Include such solid bodies as chloral 
hydrate, certain compounds of caloW and many alka¬ 
loid*. It la also a form of narcosis termed by Dr. Heil- 
broun anUmarcotle, which, occurs In plants surrounded 
by an atmosphere baring immOdeut oxygen, e condi¬ 
tion which may occur when the temperature la either 
too high or too low. "Perhaps." ho aaya, "the above- 
mentioned carbon-dioxide narcosis belongs in this group. 
We must believe that under thane abnormal conditions 
of metabolism narcotic substance* are formed in tbe 
plant. . . ." 

Zeisskl proved that respiration in onloua was stimu¬ 
lated by a narcosis of nix hours, bat depressed when 
the duration was longer. ;* A pgaetioal application of 
this rtlmalation of rcuHretJoc la given in tbe Johannaeo 
prerem of forcing by ether. In this the ether prod ores 
not only acceleration of respiration, but, Indirectly, of 
growth. A nareoaia of from 12 to 18 shorten* tbe rent- 
period in various Plants from six to right weeks. 

these cams the oarootie develops Us effect only 


In the preliminary and after-periods of rest nnd not In 
the middle period. In both period* n struggle takes 
pluco lietwoen the stimulation aud the Inhibition of 
growth. Tbe ether la favorable to the first process, 
lienee ihe result attained. This phenomenon hs* an 
analogue In tbe nidnisl kingdom: the rest-period 1* 
shorteuHl by etber both In tile eggs of Insects and the 
pups 1 of butterflies, according lo Klseher. A success 
similar to that In the forcing of twigs III their wilder 
rest-time 1* attained In the ease of gmtn* off barley, 
which have Just matured amt are In the early period 
of the rest-lime They may Is* made to germinate while 
still attached to the iwrent plant, u cnae of cx|N-rl- 
menially obtained rivlpaty." 

Another remarkable Instuis-e of the modification of 
vital functions by narcotics Is the cheeking nr fermen¬ 
tation, according to Claude Bernard. Dr. llellhronn, 
however, considers (his so astounding tlmf It is Ilf need 
of proof by control experiments. It Is certain, though, 
that assimilation may bo lemiiorarily cheeked by nar- 
eotltw oth III the Algae Hplntgyra aiwl III higher plant 
forms. "This Inhibition Is probably only a special ease 
of tbe quite general anUcatalysatorlc effect of many 
narcotics. L c„ their ability to retard chemical proc¬ 
esses which are sot in operation by a ctitalyaalor. This 
may have Its fundamental cause In alterations of sur- 
fuee-teuslon relations In Imivollc utmosldieres.” 

The effects of narcotic* uixrti irniisplriillon are ipille 
curious. Mildly imn-ollxcd liuvcs transpire more 
strongly In light, Iml less strongly In the dark, than 
the nnmitil. Jnmelle gives llie following explanation 
for tills: assimilation Is interrupted by tlie nsalnills- 
tlnu. and consequently tbe entire cuergy of Ihe rnys of 
light absorbed by the chlornpbyl Is utilised In traiiapira- 
tlon. Dr. Unlllironn considers this debatable ais] dis¬ 
cusses It at some length. 

Another effect of narootiiulhm Is Interference with 
the procure of assImllAtion. Tlie conduction of pnsliiets 
of assimilation In genuatmting sivdH Is cut off, alnce 
they cannot pns* throngh narrotlxod lenf-steins or piece* 
of thn stalk. This Is considered uddtllonal pnsif tluit 
the co-operation of the living plasma Is Indispensable 
for the conduction of assimilated sulistnnees. But hy¬ 
drolytic processes, such as the dissolving of starch, con¬ 
tinue. The natural consequence of this Is an accumu¬ 
lation of uemotlceUy active substances, such as sugar, 
aaparaglu, etc. An lncreese of osmotic prenatire la nee- 
ewwrily associated with this, and this leads In Ita turn 
to rankness of growth. In this connection it la of etqic- 
clal Interest to note that there is a displacement in the 
growth. Tbe longitudinal growth I* checked, while the 
growth In thickness Is advanced, Hut this holds good 
only ft* mild dosco. A stronger narcosis Interrupts all 
growth. 

Dr. llellhronn also dwells at some length on the mani¬ 
fold modifications of the nuclei of narcotised plant 
organs and the Influence of imrootics on the pIhhiui- 
eurrent. Without lettering Into Hu* IccUnlcallUes of tbe 
discussion we may quote tbe following passage: "It la 
evident that the vlaoority of tbe living substance is in- 


.-reused by large nareotle doses, and wo hnvo known 
also slnre the enrliest studies of narcosis lu plants that 
a typical criterion for narcotic action Is a decrease in 
IntciiMlIy of reaction to exterior stimuli. It is an op¬ 
tion* mutter to bring these Lwo facts into casual con¬ 
nection Hint In regard Nlteratlons In tho physical 
struct lire of the plimmii as the muse of tho altered 
physiologic function.” 

The dfcrcNse of sensitiveness was the first thing 
which led to the discovery that (Here was such a thing 
us narcosis lu plants. Msrcet proves! ns far back as 
IH4S that tile mimosa nsusxl to I*- sensltlro under the 
Influence of chloroform, snd the next year Clemona 
allowed lliul ether hint the name effect. Many oilier 
ntwervera noted tile Influence of narcotics on various 
Plant" In inhibiting curving movements. 

Dr. Heilbronn accounts of special Interest Cxapek’s 
otiservntfon that the gootroplc curving capacity of a 
plant organ la supprerecd by a considerably lower con¬ 
centration of a narcotic than Ita gcotroplc sensibility; 
consequently, therefore, the curving rapacity la Inhib¬ 
ited by a mild narcosis while the perception capacity la 
retained lit the same time. Hence, it Is possible to In- 
ilm-e a gcotroplc stimulus In narrotlxcd legntneiu. an 
whose result after tho sloop-state has passed away 
there follows a gcotroplc curving, though (he stimulus 


Honed a enso In which |*<rcc|i(lvll> Is retained while 
luiillllly Is Inhibited; Hie following example allows that 
Hie reverse can lie Ihe cose, at least for light stimulus. 
Ilucteriuni termo retains Ita motility completely In 
mildly narcotic liquids; hut while ll constantly hastens 
Imran! the source of light ll has entirely Inst Its photo- 
tropic sensibility.” 

An interesting point Is that In organisms which react 
with tile same movements to different stimuli It la i»m- 
sllile lo differentiate those stlmulua-nioveineids by the 
aid or nsrenth-s. Titus, the mimosa rhimumIh to a touch 
just us It (ham to the withdrawal of light; hut, accord¬ 
ing lo Brileker. there la a certain dose of ether which 
Jnat suffices lo make tbe plant Insensitive to toneb while 
retaining Its “sleep-senslblllty.” 

“The tropisra* likewise exhibit a various aemdblllty 
to narcotic Influences, tleotroplsm Is especially easy to 
check, even by ihatea which cause an Increase of bello- 
I topic senslhlllly. The untotroirisma, too, are coii- 
sldenibly more difficult to check by narcotics than 
geolroplsni. . . ." 

Dr. llellhronn concludes with Ihe observation that 
since In the lowest forms of life. In tlie hlglier plant- 
forms, ami In Ihe most highly organised organisms that 
exist sensibility to exlemnl stimuli la decreased by the 
snnie narcotic ageuls, this constitutes an argument In 
favor of the view that there Is nn essential similarity 


iilsuis lieer au Intimate rriatloniihlp 
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The Roosevelt-Rondon Scientific Expedition—II* 

Its Movements in South America and Some of Its Zoological Achievements 
By L. E. Miller, Mammalogist of the Expedition 
Concluded from Bcientifio Ambbican Supplement No. 2050, Pago 249, April 17,1916 


Caymonh worn particularly plentiful in the Upper 
i'uiwiuv. Scores of the ovil-l<H»kinir creatures lay on 
the Hand IhihIch, with wide-open mouths and staring 
glaxxy eye*. A fringe of tree* Hankod the water through 
which we could sou the Ixuindlcs* waab* of pnntnnaU 
beyond: irooiut of black howling monkeys ambled leis¬ 
urely away au tlie l mat drew near, and a xpoeiox of curious 
gray-throated parrakccl wan building trvmcndou* next* 
in the branches; iieeaHioiially in the Hame tree there 
were two or lliree ncxlx iwh no viral feet in diameter, 
which the birdH wen' enu ring and linving like Ihm'h at a 
hive. 

Nuo l.niM do Cncercs wax n-aelieil January 16th, and 
at noon the next day tile "Nyono" Weighed anehnr 
again and jMiinted lur new up-xlnaiii. That night wu 
reached a Hinall Mtatuin knowu ax l'urto Cam|», and an 
the rivir wan Uxi xhnllow to pirmit Die xlcaincr to annelid 
further, our dice lx wire taken aMluiro and ten lx creeled 
for a temporary uamp. A few dayu' hunt at thin point 
nwiiltcd inanaildilion to theinlloetionof lapinand white 
Upped |ieeearii>H uliol by Colonel ltnoMevelt, borides a 
goodly amount of smaller maUrial. The preservation 
of the large n|nelnipna wax xomewhat of a problem ax 
the time at our disposal wax wholly inadequate, and 
there wax prantienlly no availaldn nativo help. All the 
•kiuning and pniparatlon wax iletin by Komill Itooxo- 
velt and the writer, xltliough at timea \ aluable amixtanee 
wax rendered liy Mr. Nigg. 

January llltli found the cx|Nxlition alsianl a launch 
(one hnatload had preeedid us) Hlruggrmg’ajpuiixt Ihn 
xwifl current of the Hepotilha. A lieavy Imuxehnal full 
of provixionx and luggage wax tnwed alongside and wo 
made xlow progrexx- There ix an end to all thing* of 
earth luiwevir, and liie end of our river journey rame 
on January Kith. We had reached Tapirapoan, the 
furtlicxt outpoxt on the frontier. and immediately pre- 
paratiunx were hi-gnn for our long dnxh nenixx the 
rhiipm lnn of MatUi Grown, 

* Kmm the American Miurum Journal. 


Tapirapoan prexented a ueene of festive gaiety upon 
the arrival of the expedition at that point. Tho large, 
open square around whkih eluxtered the low mud-wallod 
hutx WM decorated with line* of pennant*, while the 
American and Brazilian flag* fluttered from tall pole*. 
Flag railing and lowering wax alway* an impressive 
ceremony; everybody lined up and xtood at attention 
while the banners were solemnly rained or lowered, as the 
caw might he, to the strains of martial muxlc. 

A large Dumber of home*, mule* and oxen had been 
goJlttrod from the sumnmdlng country; tho army of 
nativex or eamaradat wlx» were to hnvu charge of them 
and I he Impedimenta, had axxemblod, and tho ward¬ 
rooms were filled with coxes anil hags of provixionx and 
equipment. To nrganiae property a cavalcade of sueh 
large proportionx required xurno little time, hut within 
xix days of our arrival order had bocn nwtored out of 
nliaox and the flrxt detachment of the exixxlilion xtartod. 
This included all of the Americans, and several Brazilians 
to wIiihxi number Lieutenants Join Lyra and Joaquin 
do Molln Filho had lx)en added. Captain Amllear wax 
to follow the next day with the rcuiaimler of the caravan. 
This division of tho party wu alwolutelv nooexxary ax, 
on aeeuuul of the groat quantity of men and animals 
required, the expedition would havo been unwioldly If it 
hod attempted to move in one body. 

The first day's ride wu a short one. Karfy In the 
morning the men started to load the pack animals, many 
of which wire apparently frexh from the rapoh and had 
never been broken to work of any kind, so that there 
wu a good deal iif confusion at flrxt. But gradually 
the men became more adept at thdr work, the raulea 
and oxen quieted down and little squads left the oorrala, 
wound up the trail and disappeared in a aloud of dust. 
Wo did not follow until noon. Our mounts were good 
strong animals; we had both horses and mule*, and oom- 
fortable saddles were also provided by tho Brasilian 
commission. A four bourn' canter thnmgh brush and 
fnrext-eoverud country brought us to tho Hopotuba again, 


quite some distance above Tapirapoan, and we retread 
the stream on a pontoon ferry mad* by laying a platform 
of boards aenre three dugout eaaoea. There wen a 
number of new palm-leaf houses on the river bank, eo 
these were used for the night’s osunp Instead of erecting 
the tent*. 

Next day we were In the reddle by nine, riding through 
tall virgin forest with occasional stretches of aand) 
in which only low bushes grew. It wu evident a 
penetrated farther into the interior that the forest 
wu fut disappearing, to be replaced by the vast 
padan ", The heat wu intense; there was no rain, 
troublesome inseota were lacking. At three o'clock in 
the afternoon we entered an old aleswing. Formariy 
rice, plantains, mandinna" and eorn had been cultivated 
here, hut now the place wu dwerteil and o v e r grow n 
with weeds. Kilometer 62. u the spot wu called, had 
been an Important camp of tho telegraph oommlMfon 
while work wu being prosecuted In that region, hut had 
long xinoe been abandoned. 

On January 23d, a 32-kilometer ride took ns to the 
site of an old Indian village, known u Aldeia Quebnada. 
We were adhering closely to the telegraph lbte, following 
the wide swathe that had been cleared to protect the 
wires from falling trees and branches, except when a 
short detour wu deshwble to find a better oroering fur 
some email stream. The eountry wu of a gently un¬ 
dulating character, covered with wiry grass and a very 
sparse growth of stunted, gnarled trees. This vegeta¬ 
tion is typioal of the chapodao. With the exception of 
a few small deer and a number of birds (woodhewers and 
jays) there were no evidence* of animal life. A dear, 
cold spring rippled over a pebbly bottom near our night’* 
camp. It wu the lut itnxun we abould *ee which dis¬ 
charged its water (via the Hopotuba) into the Hio de 
la Plata system. 
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CWooel B aatea bad a mp toyd^a mnnbar of motor 
«M» ta Um bfccnph Hat tiragta this 

asedoe of tbs ootmtqr, wnl of which mn rfU in 
wrrimatU oondlUoa. It vu therefor* dadded that a 
part of tha luggage rixmM bo wat absad on the can u 
fir m tho trail pormitted, and a* there would be a wait 
at sareral day* whUa tha wnahiir of tha expedition 
eaoght up, Mr. Cherris and I want aloof to devote to 
eoBmflnf the time thua rained. Dootor Zahm and Mr. 
Sint aeeoapaoJed us. Wa itarted two days beyond 
Aldaia Qnehnada, (torn a point ashed Rio Mandioca. 
Than wen three motor trucks, gnat well-built ma¬ 
chine* of German make, laden to their fullest capacity 
a of the 
i them raring 
d of thirty 

milea an hour, and frequently through b'tndlng rain and 
deep mod. One of the ears had a fu'l-blooded Indian 
mechanician who seemed to be fully initiated into the 
mysteries of handling an automobile, from gathering 

when the broad wheel* mired deep in the loose rend, to 


We reached the Rio Nacre, beyond which point the 
trunks could not proceed, on the evening of the 38th. 
The river is here broken by a fall 160 feet high. A* else¬ 
where in South America, we were constantly reminded 
at the appalling lack of animal life. During the entire 
three days required to reach the Rio Sacra we saw only 
a few rheas, a soriema 1 * or two, and a number of deer. 

On the morning of the 30th, wo mossed the Saere 
on a pontoon ferry, and using a number of animals which 
had been held in readiness there, rode tha two leagut* 

to Utlarity, a village of the Panels Indians; the Rio 
Papagalo, a dear, swift stream flows past the settlement, 
and half a mile away dashes over the brink of a precipice 
200 feet high. 

1116 Panels are a small tribe of semi-civil bed Indians 
who live In substantial huts and cultivate large fields of 
mandioca, corn and sweet potatoes. Some of them wore 
clothes while many wore only a breeoh-oloth of their own 
weaving. They also make hammocks and various articles 
for ornamental purpose*, The youths of the tribe en¬ 
gaged In a carious game of hred-hall, using for the purpose 
a hollow rubber sphere a foot in diameter, which they 
themselves manufacture. They chose aides and batted 
tha ball back and forth across a line, with their heads. 
The hands were not used, and they displayed remarkable 
dexterity and tlndcss energy at this form of amusement. 
One evening Just before sundown, practically all of the 
men Joined In a sacrod dance. For this occasion they 
were clothed in gaudy rod head-bands from which pro¬ 
truded the brilliant feathers of the great blue and yellow 
macaw; bead neck chains and belts, and anklets made 
of bunches of curious dry seeds which kept up a con¬ 
tinuous rattling sound as the dancers stamped in rhythm 
with the hnr, wailing marie of reed flutes. They stopped 
frequently to drink ekieha ," and at intervals they sang 
the names of their dead warriors and mighty hunters, 
and caljed upon them for guidance and assistance. 

Utlarity proved to be a profitable ooUeoting plane. 
Many small rodent* and a few larger m a mm als, Including 
a soft-shriled armadillo collected by Colonel Roosevelt, 
were taken, besides a number of birds. We spent five 
days in the village (Cokmul Roaeovell arrived three days 
after we did) at the end of which time Dootor Zahm ac¬ 
companied by Mr. Bigg left the party and started back 
home. A short time latar Mr. Fiala began his homeward 
trip down the Papagalo and Tapajoa. 

Utlarity had been the lint telegraph station In opera¬ 
tion along tha new Une; tha second was on the banks of 
the Rio Juruena, approximately 100 kilometers away, 
and it required five day* to reach this point. Wo had 
been compelled to reduce the amount of our baggage 
very materially shortly after leaving the Parcels village, 
a* many of the cargo animals had given out on the 
trail, ami the othfen were weakening peroeptiMy. Most 
helMstaw 



wss Uft behind. Tho equipment for collecting and pj^. 
serving sp ecimens , unfortunately, had to be reduced alio, 
on account of ita weight, so that we retained only a few 
hundred cartridges and about a dozen traps with which 
to prosecute the natural history work. This reduction 
of tho impedimenta was unavoidable and affected every 
member of the party either directly or Indirectly. ft 
was one of tho several instances where individual Interests 
had to be sacrificed for the good of (he whole expedition, 



Type of Indian assistant, or eamarada*. employed by 
the expedition. 


At Juruena wc made tho acquaintance of a primitive 
tribe of Indians who probably represent the lowest type 
of civilisation to be found anywhere on the Koullt 
American continent. They are known as tho Nhanihi- 
quara. As wu drew up on tho river bank they gathered 
about ami stared at the party curiously, hut betrayed no 
hostile feelings. Colonel Kondon had but recently suc¬ 
ceeded in establishing amiealile relations with them. Oil 
his flrst visit to the country, numbers of his men had been 
slain hy thnlr isiisnned arrows, and they had resented 
his every step into their stronghold: but having Isen 
persistently treated with kilulnpxs, they have learnisl to 
look upon him as a friend, and some of them even a)>- 
pnared to be heartily glad to see him. 

In stature the Nhamhiquara Is short, hut well built, 
and of a very dark brown color. Clothes are absolutely 
unknown to them, and praeUnall.v the only ornaments 
in their possession are strings of beads which they bad 
reeelvod from Colonel Rondon. Some of the men have 
the noao and upper lip pi creed and wear pieces of slender 
bamboo in these perforations. Their huts or malocaa 
an rude structure* of grass or leaves, and they euttivaln 
small areas of mandioca, but wild fruits, game and wild 
bonoy form the principal Articles of their diet. Bows 


six feet tall and made of palm wood, and long bamboo 
arrows are used both in hunting and In warfare. Fre¬ 
quently hunting parties go on long tramps through tha 
jungle, subsisting entirely on the fruits of their prowess. 
At night a rude lean-to is built of branches, the game is 
roasted in a roaring Are and oaten, amt then they atreteh 
themselves on the ham ground to Bleep. 

We remained a day at Juruena to rest and to develop 
films. The pictures taken hy the various inemliers of 
tho party form one of the Imimrlanl records of thH ex- 
liediUon. and great care has to he exercised in developing 
all exposed tlliiis promptly or they would lie spoiled lie- 
ciuiho of tho hot. damp elinmle. 

Ttie country beyond the Juruena is somewhat rolling, 
hut them is no appnx-iuhlc change in the vegetation. We 
rode 21) kilometers the first day, camping on tlic lianks 
of the Rio do Koiniga (February lot hi. Next' day we 
travelled hut 12 kilometers, reaching tlii>Juruena,aRhaUow 

though rapid stream (W) fivt wide; ..rossing was slow 

and laborious as IIiitc was only a very small ImUu or 
ferry. Camp was pitched a league beyond, on the liaitks 
of a small stream. Near h,v were several deserted 
thatched huts, anil the eompantlively new gruves where 
thnsi Brazilians, one an army oflleer, had iss-n buried. 
They had tsen slain hy the Nhuuihiquara and buried 
in an upright |smilion with the head and shoulders pro¬ 
truding aliove the ground The following night, on the 
Rio IVimavera we saw two other graves The two men 
who had boon internal here were slam while aslis-p in 
their lianimooks. Tins was the most dangerous juvrt 
of the whole Nluunhiquara country. 

Campos Nevus was reached February 11)1 h. For¬ 
merly the third leligrapti station was locab-d here, hut 
it now stands on Ihc ltio Nhambiqiiunt, a league uway. 
We were on thu Ismler id the great Cemi doXortc, a vast 
tract of rountry i-ouipnscd id high, broken plateau* or 
mesas covered with luxuriant grass. Many small streams 
flowed tliniugh iliwp gorges, anil ni-ur some of the water 
courses, tall dense forest grew The soil is Tortile and 
would produce crops id corn and nix’, entile in great 
numbers could Ih< mued ou the extensile mesas, and the 
climate is issil and healthful. There an- few portion* of 
Houlh America so wifi suited for colonisation by Kune 
peana. but on aecounl id the remote loeatiou and the look 
id means of communication, it, will be several decades 
Is'fore this vast and fruitful ngum will Ikcoiiic inhabited. 

After leaving the Cerro dr Nnrlr, February 23d, we 
again entered cha/mlao country; hut the wiry grass and 
stunted tree* were gradually being superceded t>> forest. 
Occasionally all other vegetation gave way to large area* 
of wild pineapples. There wire many square uide* of 
them, bearing fruit which was small lull id itcliclmi* 
flavor. 

We added few specimens to the collections aft it hiv¬ 
ing Utiarity. Animal life was not abundant, and the 
rapid luwe at which the cx|mhIiIioii was i-umpcllcd to 
move left no time for collecting. At Jose Houidneiu, 
which was reached February 23d, an interesting rodent, 
somewhat resembling a gopher, was taken In order 
to secure the singl, example it required a half day's 
(into and assistance of live Nhamhiquaru. A reward id 
hunches of corui hinds had Ihvii offered the Indians if 
the animal was secured, so they immediately Isgan work 
with sharpened sticks anil with their hands. By noon 
tllry hail exeavaUxt It) cubic \arils of earth anil won tho 
prize. The expedition liuil gone on alieail but wu* over¬ 
taken hi the evening. 

At a camp named Side lie Xetcinhre the two divisions 
of the cxpcdiliiiii wen- reunited. Captain \milear anil 
Ins parly hail arrived a day or two Is-fore, und a hall 
wus mude to divide the equipment nml provisions he- 
Iwien what were to bo the Diividu anil (ly I'aranA 
parties. Tlie ltio ilu Diivula was only 10 kilometers 
uway, and ou February 27th we stood on the bridge 
that spans tho river and watched Colonel Roosevelt 
and his parly in seven eanis-s disappear ihiwn the stream. 
Colonel Roosevelt was neeompunied by Ins son Kennit, 
Colonel ltomlon, Lnmtenant Lyra. Mr. Cherrie and 
Dootor Cajaziira, and flflicn native assistants. 

The Gy I’aranA party was eom|>oscd of Ca|itain 
Amilear, Ijeutenant Mcllo, a geolugist, a taxidermist 
ami myself, Is-sidrs a nilinher of natives. We traveled 
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throe days longer toreellitheOommmnorocno Tito spot 
wu eallod Bmu di Mclgopo ami marked pmtuolU 
the end of thi telegraph lint The trip from Tapuaiioan 
to the Comm* moiwao had required one tly 40 daytt 
the dmtani i li apprommal) ly MM mills Many of thi 
path auimals wire in such poor condition that Uni 
hod to lie allot It in impo-eohlc to my how many ha 1 
bee n lout oil the wa> hut the ntnnlM r was vtry largo 

Itarao di Melgoto e intd lo Ih tin luadituarure of 
annoying insects an I disuese Mont of thi handful of 
men at work on the telegraph leu i wire ill with fever and 
bonbon and lltoro had bet n Iwoltii death* just btfore 
our bitivbI 

We had uxpeoted to dud oanoet awaiting u* hut an 
then wire none the mon cut down a tree of ample «n 
and lagan making one This work wustimaUd would 
require a month but alter a wait of two wot k« a large 
<aniM arrived fntm down tho nvir 

Thi turn, at Darao do Molgapo wan profitably if not 
fik aaantly «pi nt All about thi litlli i leanng rose tho 
slab ly Amaiuiuan f iresl providing adnnrablo i ollis ting 
grounds Manv birds and mam main wire takm all 


mw to tin i ollet lion The latter liuiudod an un- 
ili a nimble iqiuhr monkey and a sain 11 of a new genus 
Wt started down thi ( ommemoratao March 13th and 
traveling rapidly with the i urrent reached the Pbnumto 
Hueno Nil laluini ten liotow, that night The jum bun 
of thi two mire forms tho Ov l*arani 

Thi (ly Parani at its very beginning is a mighty nver 
a thousand yards wldi and day by day an we nu od with 
its swirling tomnt wi watched its rapid growth unbl 
near the mouth it reae heel a hn adth of at least two miles 
The i ountrv on Imtli lianks is heavily forested and along 
the upper court) is inhabited hy a tnhe of Indiana whioh 
ha l been abeoluloly unknown Wi were the flnt white 
men to set them and they had nevir aoeu white men be¬ 
fore In appoaranee they differed greatly from their 
neighbors the Nhambiquara Wi mot seven all men 
and Anally induced them to aioopt gifts of beads and 
knives m return for which they gave us wonderfully 
deioratid arrows six feet tall 

I he (ly IfaranA aboun ds m formidable (aphis like 
halcl « South An rl an moakoj wltli s busby tall anil a 
i eg r long balr around ties (an 


many South Amancan nver*, and we had aumerous oyer- 
land portages the longest being aboat three miles, 
around the falla of Mo Vkwnte Insect* an abundant, 
and tha whole region is a vast breeding ground for 
malaria A number of rubber oampa are situated on 
the lower nver the forsste bong neh in hevea We 
reached Manaus April 10th, having stopped at Celama, 
a station on the Madam, for a short period of eoUeeUsg 

As the Duvtda party had not amved, I almost Im¬ 
mediately left for the Bio Bohmoea where several weeks 
were spent to advantage adding to the oolleetions 
Among the large number of specimens collected ware 
agoutis woolly monkeys squirrel monkeys, sloths, 
many small rodents and squirrels all new to ua, and the 
nomplote material for a group of boa tains or hoard-birds 
was also collected The oolleotiona now numbered 
about 1 SOU birds and about 41S mammals practically 
all nf spnoiea unknown to us and tome of which are no 
doubt now to leumoe 

Colonel Roosevelts party reaohed Memos the lest 
tlav of Apnl but the story of their axpeneneee on the 
unexplored river is too wall known to warrant review 


Wireless Transmission of Energy—II* 

An Explanation of its General Nature and Relationship to Transmission by Wire 

B\ Felihu Thomson 

( imilmliil from StikNUMi Vmkhk an Supplekdnt No 2060 Page 251 , Apnl 17 , 1015 


I 11 tie suil use Hint the haru In p sltlu nt (hi t | 
mid uccneiailly tin nu fun below nnl miii rounding tlu 
must will be iiigatlu t icUiuHtatii IIiiih will i\tml 
fium thi mnnt ami [Mrili ulurlv from tlu tvpaiislun nt 
the toil down li tlu mrths wiifncc 111 ull dirts II iim 
nround the untinnu us In the llgiui I hi 1111)11111111 
around the HiiUinia will bi slnssisl ibsti Htslluillt 
llils would be nil piurlded the charges wi n sbitl mil 
but tlie system we «n cc iwlih ring In ilvnumlc Tl« | Ills 
• lunge In replaced by a mlnuN ilmn,) HI tin I | u 1 a 
current of a high frequency mils up Slid clcwn thi nn 
Ilium but no sIho di«N this curnut ivtend bit llu sen 



Fig 11A 


radially from the foot of the antenna replacing llu 
negatively charged area by a positively charged rom 
us it were, while the top of the unteuna la now negu 
five where It was formerly positive (Hg 21a one sldo 
inly shown and Fig 21b In plan ) 

As this ucthiu gixs on homier the root of charged 
surface widens and ether ware a are so to apeak di 
laehed from (lie antenna and elcctroHtattc lints join 
now through the air nr etlu r shove llie suetisslvc sent* 
which surround the unUimtt as gnat circles oi flat 
rings of the sta surfatt A plus area In followed hy a 
mlnuN a minus bv a plus etc and to ludliale Hie effect 
In llie Hpau above we draw lints width follow throe 
anas extending np Into thi ither above the surface 
bat moving swat from the antenna with the velocity of 
light I In moving thargisi in the sen surface represent 
radial iiirrtuts which are lu opposite phase at different 
INirtlons of the sea surface and spreading at 180000 
mills per second and these enrnnU uenwsarily genera tt 
milgiHliNm ir Hues of magnetic force In the medium 
illmtly uli ve them These lines extend around In 
/inns with diminishing lutenslly upward from the si a 

* Iri ll r 1 1 I i f III si l |irl! 1st by pc cml si i t tl i 
\ tl I li >1 HI Halt As I (I II New \ rk die l r list a 
f r lie N u»r nt Mucin suiiiawssr by tl ontl i 



nc.ua> 


Hiirfiu as the distance from the surfiue Imleases 
I nu within Hit water Itself a slmlbir action but more 
iislmted (alls plnu Iht tharges In the water aie 
i iinislid by ilistrestatic stress llius mid tho compin 
sitli k min.net It Held follows tht eiirrti t hut this 
iimlc i wnfir iffett dns mil contcin us as wbal wi 
w Ik wllh Is thi men,) couveied In tbi stuqie nhotc 
tin sen Ibi olhir not being so easily ■ etovtruble 
Jbi ststein us thus far c suilllulel Is inciely sn ur 
iniil,i nn nt for clillveilng eiuigy lu high frequency 
wines to lilt wlilcspreud medium around tho antenna 
I here Is u si In llu action whereby It Is fix used all) 
whin. It Is Im a tike (rjIns In tlu wilderness It 
iHit la picked np oi rtxognlnd In any direction by any 
ih who Is wllhln rungi If now we aie lo receive 
ill,nn Is suih us are much by luteriuptlng or dlulniblug 
it lutirials this system of radlatlun of energy us In 
i idlnary teleginpliy we must wt up somewbiro a re 
reiving apparatus whkii will enable us to pick up what 
ntr small fraction it the inergv reaches It and If 
I iswll b a suffleleut finctl n of inch energy f >i the ret 
<i,nlll<n i f llie signals If the signal tan la rreugnl/rel 
n nuittir how small the fraction of the imrgi scut 
out Is which we collect at the recilvlng atatUm—tin 
systim sncimis Thir* Is noqmsHun of efflelciit trans 
mlwl in as tluri la In the c rdlimry power tisiwmbwlon 
sy slims Jbt latter aie for the (ransmbwlon of i nergy 
with as little loss as possible the furmi r for Hie trans 
mission of signals only 

In the antenna transmission Jnst considered It Is as 
suniid that the surface of the earth Is generally simik 
Ins a good iledrlc e nductor I he surface of the son 
Is suOkltiiH) good Dry land surface however is not 
a tsd londotllng shut Hiid even though moist 11 Is 
generally so Irreguluilv c undue Hug lliat obliteration of 
the waves and low cr absorption of Ihc energy must 
necessarily occur Obstacles such as drv rnk ranges 
may abeolntoly prevent the waves from passing over 
than It must bo borne In ralud that these wares have 
uo Inertia as such and that the energy must be guided 
to Its di attention ly a conducting sheet This calls to 
lulnd (he efforts that were made to connect Lynn and 
Schenectady by a wireless system bat without success 
Occasionally signals wen received but In goner*! they 
were too Indistinct to lie reiognlxcd It 1a more than 
probable that the dry rock ranges of the Berkahlrea In 
western Massachusetts were sufficient of an obstacle to 
prevent tha energy of the waves getting serosa them 
It Is also to be questioned whether there may not be 
another action which Interfere* with and dtaturba the 
Integrity or tho waves it la conceivable that waves 
may follow a water surface even around a cepe and 
that a portion of the energy may fake ■ abort cot 
serose the land of the cape If this ba so tha longer 
tontwe would be around the cape the shorter course 
arrow the land. The ware- lengths would remain the 
namo and an onhof phase relation or Interference 
phenomenon would take place to a greater or kaa ex 
tent It Is manlfeetly nereenry that the energy, hy 
whatever course It follows shall reach the recMrlng 



may Is omsldiiod as flat Thi conducting sheet guld 
lag thi enirgy Is flat or plane but at great distance* 
llu curvature of the eaitha surfsi e becomes an Impor 
lout fat tor dor a time there was a great deal of dls 
( usmIoii as tu the run sou why the inirgy In the wtrelese 
tiaicuniNHlun set mid actually to follow thi turvature of 
the isrtli limit ad if going straight sway as In thi case 
1 1 1 leitwlH.ii or heat and light wave* If tho waves bad 
lata gi aerated by a large Hertslan oscillator it would 
is t Is iMJssIhli for thorn to so follow tho onrtta s curva 
tun but Inasmuch aa they are In wireless work pro 
dured and aa It were positioned upon ■ conducting 
sheet (tbe sea surfsi c) thru It follows that the energy 
must be guided by that conducting sheet or surface 
11 gardlesa of Its extent or Its curvature 1 have never 
Inn able to undeniland why so much discussion has 
Ixen needed to clear np tills point Wireless waves Imvi 
nu Inertia—they follow the course of the charges which 
I rod uii the strew and of tha magnetic Held dns to 
these charge* fa motion Thene charges In motion ore 
the currents In tho conducting sheet, whkh may or may 
ik t lie curved In the carved surface of the ocean the 
/< IMS of charge (onUanally expanding, pins slid minus 
ii sjiectlvely arc still connected by the electrostatic lines 
almi them nml the moving charges still generate tbe 
Wins magnetic Bold as they trename radially or outward 
I 111 llie einved Instead of tbe plane sheet (Fig 22) 



Fig 13 


nnd this curved conductor still guides the energy, Rut 
ns the wire dose In ordinary Irtnsmlselnn It would 
stem If this is the correct view that at a distance com 
parable with that of a quadrant of the earth g dibua 
fi rents the form of the wave would be inch aa to cause 
tbe stress lines to lean backward with aspect to the 
surface, tending to keep their original relation to the 
tra Emitting antenna as they were detached tharefrom 
(Fig 23, at L) Thla aremnea that the velocity of 
transmission fa the mm as that of the meed of light, 
both for the currents In tbe mu and for tin streesM 
above It 

Marconi's noewe as a wirafaM pioneer depended 
Ixrgeiy upon the choice of e rafldently muUlre ra¬ 
ce! rer Two eiemeafa ora neorenry fat the receiver, 
not a conducting etruetun which gathers up the 
energy from the medi um, th e ether, above tbe outbt 

moono tor detecting tbe (tight** chongse of slectrleel 
condition, not only eetooted by whet tittle energy hi rd- 
etived, but eo aodtiftM It tMt * ou ovMgte ■ Mgaol 
v*Mb «u he mm or h*& Vmar Me WM t sl eff g» 
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teoua in * vertical conducting mart or cage, llko 
lending antenna. tn fact, the functions of sending sod 
receiving an Interchangeably used on tic hum struc¬ 
ture; the same antenna may he at one time used for 
transmitting and ft another time for receiving. 

The receiving antenna (Fig. 92) serves to relieve the 
electrostatic stress In Its vlrtnlty, much as a lightning 
rod may act lo relieve donrt to earth stresses. If Its 
direction could be made to follow or be parallel to the 
actual course of the transmitted lines In the space near 
II, It would be most effective, and If, further, It could 
extend side arise over a considerable extent of the ware 
front, It would gather up more energy. These condi¬ 



tions, however, can at beat be only approximately met 
If the receiving antenna wore of such a character an tu 
have no ondUstlan rate of lie own (a damped circuit) 
It would receive energy In u email amount from the 
transmitting antenna Independent of the frequency, but 
as this would In most cases bo far from sufficient. It Is 
desirable to accumulate energy In the receiver from a 
train of wares at a definite rate. To ilo this the prin¬ 
ciple of ayntony or toning Is brought In. Mveryoue Is 
familiar with the two tuning forks, where ono Is 
Bounded and the olher la placed at a distance sway. If 
the two forks are not In harmony, no effect of the one 
fork on the other follows, but If they are accurately tuuod 
in unison, the sound of one fork at a considerable distance 
from the other starts the second In vibration and produces 
uu audible sound from It The second fork Is, til fact, 
a structure particularly well adapted to gather up the 
energy of the sound waves width reach It receiving 
from each wave a small portion of energy and accumu¬ 
lating such energy until tho fork Itself Is brought Into 
palpable vibration. By applying this principle In wire¬ 
less telegraphy, that is, by causing the rate of vibration 
or frequency of the electrical waves to be tho same In 
the transmission and In the receiving antenme systems, 
constructing both to possess a normal rate as If they 
were to be electrical tuning forks of the same pitch, the 
amplitude of the received Impulses Is so greatly In¬ 
creased that signal strength Is reached where otherwise 
failure would have resulted. The one thing which has 
cliaracterlied the more recent advances tn wireless 
telegraphy has been the accuracy of tuning and tho re¬ 
moval of dlaturblng Influences which would Interfere 
with the toning. 

Formerly the transmitting circuit was excited by 
means which tended to disturb the actual normal rate. 
If excited Inductively, the Inducing or primary circuit 
had a rate of Its own, which was apt to Interfere with 
that of the vibrating antenna system. However, what 
Is known na loose coupling (Fig. 20), instead of close 
coupling (Fig. 10), to the primary or exciting circuit 
causes such confusion of rates to be nearly negligible 
If, particularly In the exciting circuit, the current la 
well damped, as It la termed, or confined to a single 
brief Impulse as far as possible. In such case tbe an¬ 
tenna circuit. In transmitting, acta on If It were a bell 
struck with a sodden quick blow, and It vibrates at Its 
own rate without disturbance or Interference. At the 
reoolvtng end (and there may be, of course, many re¬ 
ceivers in the space around the transmitting antenna), 
the ‘Tlstenlng-ln" process consists In adjusting the rate 
of vibration of the receiving circuit by variable con¬ 
densers or Inductances, so that the maximum louduea 
of the received signals Is attained. Tbe two systems, 
transmitting and receiving, are then In tune. 

Accuracy of tuning la evidently very Important It 
stations are to be abanltaneonaly transmitting when 
naar together, as only In that way nan cue station tend 
out energy without Interfering with the other; the par¬ 
ticular receiver for which the signals are Intended 
being tuned for the particular antenna sending these 
signals In *>tta of the accuracy of tuning; however, 
high-power stations may, In fact, cans# high fre q ue n cy 
, wave* of Ugh potential In all surrounding win or 
i rectal ahrudturas if mar enough. Bun ovta, or even 
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trie circuits aud eloctrlcnl spiiaratus likely to la 1 Inter¬ 
fered with or Injured. 

It nrny he here ladntcd out thHt the limit of potential 
wblcb Is available tu wireless transmission Is the same 
us that of Icing distance transmission by wire and fur 
lbc« same reuse. Naturally, If the potential on the send¬ 
ing antenna can be raised, the Hmount of energy which 
ran be put Into tbe wave Impulse* will be Increased, 
hut there comes a time wlien nu Increase of potential 
on the wires of tho nnteuun gives riae to a corona loss, 
much as the Increase of potontlnl lu wire transmission 
produces a corona loss. The conductors of the system, 
lit such a case, are surrounded by a blue dlacbargo 
which Is even visible st nlglit and which frequently can 
be heard. Wbcu Ibis condition Is reached every further 
Increase of potential simply Increases the corona lima 
without lidding correspondingly lu the energy transmis¬ 
sion. Just hh In wire transmission It can be avoided by 
Increasing tho diameter of the conductors, so In wire¬ 
less work It could tie avoided by constructing the an¬ 
tenna system of hollow tidies with smooth exteriore, 
uinl the Imagination may be jiennltted to depict a Mend¬ 
ing tower of polished metal surmcrantod by a sphere of 
similar material and worked at millions of volts. No 
limit can lie set to tho amount of energy which might 
thus be radiated, and no limit aa yet can be set to the 
distance around the esrth to which signals might be 
sent by such means. 

thie curloos fset which has been developed la the 
work of wireless signaling Is that daylight, especially 
sunlight, la very detrimental to transmission as com- 
lured with I he night. That la to say, If the wireless 
waves are to traverse tbe sea surface In sunshine, tbe 
chance of receiving them In sufficient force to produce 
signals at great distances Is far less than when they are 
sent at night. It Is probable that Ihls difference Is not 
due to any alnglo cause— It may lie Ihe effect of a com¬ 
bination of causes. It Is a notable fact, too, that this 
difference between the effectiveness nf daylight trans¬ 
mission Hnd night transmission Is accentuated at the 
higher frequencies. 

Though the cause la idlll somewhat alienin', we may 
venture a suggestion or hypothesis which may have n 
hearing on the case. Referring to Mg. 21, we have tried 
lo show the condition. The electrostatic field at the 
water surface at the same Instent to, as In Fig. 21, pro¬ 
duced lu xones around the antenna A, sprendlng with 
approximately tha speed of light. It to well known that 
under the action of tbe violet and nltra-vlolet rays of 
light any surface having a negative cbsrgo will Irak Ms 
charge and loulxe the air near It, This may occur In 
sunlight over inch areas as are marked minus lu the 
figures, aud tho aeveral minus signs would mark or 
Indicate air loulxod and negatively electrified over the 
negatively charged xones. No action would lie expected 
over the positive areas or roues. Rul the zones arc mil 
slntlonnry; they are widening very rapidly, so Hist a 
j wed five zone or zones takes tbe place of negative so 
far as any location to concerned. Thto may be ex¬ 
pressed by saying that tho wider surface which at one 
luatant was negative and gave out negative bins under 
the Influence of light would. In au exceedingly small 
fraction of a second anil before those Inns could get 
away from electric contact with such surface, liecnnic 
positive and the free Iona would uow return and neu¬ 
tralize a portion of the positive charge. Thus the nega¬ 
tive zones or wave elements would lone part of their 
charge to Ionize air, and tbe positive waves would lie 
wookpned liy such negative leak neutralizing them In 
part. Thto action, however feeble at each wave, would 
be continuous over hundreds If not thousands of miles, 
and continuously damp out tho widening oystem of 
waves. The effect would he less marked with low- 
frequency waves, an there would be a pni|*>rtlonate1y 
lean number of opportunities for this neutralisation per 
second. Besides, with the lower frequency there Is more 
time for tbp separation of the negative Ions In euth dis¬ 
tance from Ibe water surface that they do not combine 
with the positive charge*, lielng, as it were, better 
Insulated from them or diffused In the sir stratum. 

In Fig. 24 an attempt to madP tn picture thla action 
of attenuation' In the presence of light The negative 
charges In the air layer, aa In Fig. 23, have no iwsltlvc 
charges under them, the encircling lines about tbe -f- 
and — signs Indicating combination and neutralisation. 

When tbe wireless waves retch the receiving antenna, 
owing to attenuation from spreading or loss as above, 
they are very feeble. The daylight effect, aa pototed out 
by Fessenden, to much less with tbe lower frequencies, 
each ei 100,000 per second as compered with 000,000 or 
800,000 waves. Consequently there to not tbe same groat 
difference In strength of signals between night and day 
work with such lower frnqnendea. Moreover, frequen¬ 
cies of 100/00 or even 200,000 are capable of being 
generated directly by high ipeed high-frequency dynamos 
wHb the added sdrantaga that the wares soot oat are 
MiittiMd at tfertr Ml UD^Utoit uA an Mt, u wtfli 


Whatever the nature of the waves sent out, there to 
In all ctiscM the need of an exceedingly sensitive appa¬ 
ratus for converting the slight electric effects upon tbo 
receiving antenna into rigmilH. The original apparatus 
nf Mumml included Ihe Hranly coherer, used by Lodge 
In llerlxliin wave transmission hs n detector. It to 
lisilcnted In Fig. 2fl at A’, with lls Isiltery and sounder 
ins in let M. The receiving anteiiuu discharge lu passing 
lo earth broke down the liiHiilnlluu of tbo filings of the 
coherer, so that the local battery current could pass lu 
tbe rlrcult, Including a magnet If, and so record the 
Hlgnal. The liquid barretter of Fessenden, the varioua 


forma of rectifying crystal detectors and magnetic dto- 
I eel ora, have been extensively used. Our time does not 
|s‘rmlt u detailed description. Fig. 20 Indicates at O a 
crystal detector rectifying the Impulses from antenna A 
so as to work a hlgh-realstanco telephone receiver T, to 
which llie iqieruler listens. Fig. 27 shows the same npiw- 
ralus, but connected Inductively to the nutenua circuit 
by a transformer. 

Fessenden found that If the succession of decaying 
wave trsliia reaching the telephone T was such aa to 
produce a low note, the signals were easily drowned by 
extraneous noises or Induced effects, lie found that the 
human car reached a maximum of BCualUvenew at 
alioiit 900 waves of sound per second, ho that the sig¬ 
nals were heard dlsLluelly when otherwise they would 
have been missed. This to the meaning of the substi¬ 
tution of dynamos of about BOO cycles for exciting the 
wireless antenna in place of the ordinary machlnea of 
lower frequency. 

The problem of wireless telephony has attracted at¬ 
tention for a number of yeara past. I well remember 
witnessing some of tho earlier work of Kessendeu lu 
Ihls fascinating Hold, lu which he was pioneer. The 
wireless telephone speech was free from nil disturbing 
imlsra and Interferences so common on ordinary tele 
phone lines, llrlefiy, such telephony deis-iids on the 
ability to rnulrol tbe voice waves and vary lu accord¬ 
ance therewith tbe energy given out by the transmitting 
antenna and lo do (Ills with a fairly large output oC 

lly employing a method I described about 1NBB, It t» 
possible lo generate a continuous wave train by shunt¬ 
ing a direct current arc with a capacity (condenser) In 
series with an Inductance, the frequency rate de|s>ndlng 
on the eliK-trirul Constanta of these parts of tbe appa¬ 
ratus. This system, wblcb was the subject of tho 
l‘tilled States patent taken out by me lu the eerly nine¬ 
ties, has been variously called the Tiuddell ringing arc, 
or later Ibe Poulnen arc. Poulseu employed It with 
modifications in bis system of wireless telephony. Long 
before tbto work of Poulsen, Fessenden liad used a high- 
frequency dynamo for securing Ihe continuous train 
needed. A snltablo microphone transmitter was made 
lo so niter tho relations of the waves In transmitting 
and receiving anteunie, that voice waves could be re- 
crtMd In an ordlnnry telephone connected with the 
remriug antenna system. 

Much progress has been made In this department of 
wireless work, and such telephony between Euru|ie and 
America may yet become practicable. Methods are 
bring worked out whereby It may be possible to mold 
iHitputs of many kilowatts of energy so as lo have them 
vary with tha voice waves, and when this to done many 
problems, tbe solution of which now seems remote, may 
becomo solved and Ibe results prove of great practical 
value. It was not, however, my Intention to devote 
time to these later researches, but to endeavor to pre¬ 
sent to tbe mind’s eye a view of the nature uf wireless 
transmission which should show the similarities to ordi¬ 
nary transmindon by wire and also tho differences. 
Furthermore, I hope I hare shown It to be evident that 
future transmission of energy at high efficiencies will 
still demand the wire core for guiding that energy to 
lta destination. 

Metric Syrtem la the British Pharmacopeia.—It Is 
announced In*the U. B. Commerce Reports, os a matter 
of Interest to exporters of drugs and ehemioali, that 
Oreat Britain has adopted the metrio system in the new 
Brittoh^Phannaaopcrta, that conforming to tha unga 
afatewahte. 
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SCIENTIFIC AMERICAN SUPPLEMENT Na2052 / ' 

Atoms and Ions—I* 

A Comprehensive Discussion Especially as Related to Gases 


Tin. milijwl, selected by Kir J. .1. Thomson, O.M.. 
F.ll.H., fur hi* rnurse i>f li-rturm Ibis session lit tin* 
Royal IriMtilnlitni IK "Hi*.I Renearelii* on AtnniH ami 

Inns.” 

In liin opening remarks, the lecturer mill that In dl«- 
eussing the result* ot Koinii mount investigation* into the 
properties of molecule* anil Iona, it wan, at thi* ulagu, 
unnecessary to comment on llui moaning attaahud to thn 
word "nioinute," Iml it might be -writ to ileflno the 
Minm In which In- hIiiiuIiI two tho word “ion.” Thom wu 
rrewiu In Imlinvn that every ehnrgo of oloetrieity, how- 
over large, woo limit up of a (front numlier of unit cliargH>, 
all oi|uul anil Kiimlnr, anil that wo could not -do wliat 
wo would Kiilinlii win further Uioho Hinall unite. A unit 
Ilf eliclncily WUH accordingly a iwtfeetly definite thlnif, 
and by inn wiw to lio understood Momothinff which ranted 
one, two, or wmie other omul I number of those unit 
charges. Tho oharaeter of tho Ion waH ilotorininod by the 
charge oarrlod rather than by the nature of the Imdy 
nerving an eurrier. The cliargiw, for example, might Ini 
carried liy oorpunoleH, by alonw, by molecules, or by 
larger aggregations; in fuct, partieloe of diwt noted in 
Mime txvses an genuine tuna. Ho should, ok staled, limit 
the term "ion" to ease* in whieli the total eliarife oarrioil 
wan at iniwl a mnall multiple of Hie unit ehorge, and not 
apply it to IhmHiw eonlainitig, nay, one hundred nr one 
tliotwand of Niinh ohargo*. 

Tlte eoneoplion of tho ion won iIiiu to Farndny, who 
wb* led to it by hi* researches on oleelmlyHi*. Thu 
name wok duo to Whowell, who war called in liy Knjmiay, 
a* an expert m nnmennlaluro, to give a name to tho in¬ 
fant idea. Wliewell further diitinguiahod ion* a* 
"anion*" or "eatllion*," annording a* thn charge carried 
wo* punitive or negative. Theme term* had, however, 
almost dropped out of umi, awl it wa* now more euHtom- 
ary to umi the term* "poulUvo" nr "negative" ion*, a* 
leading In less ohanee of eonfuilnn. 

It wa* very difficult for thorn whn had linen familiar 
with tho notion of ion* almost from the oommeneemenl 
of thnir (tuily of phynlai to realize how onomioua wu the 
slop mode by Faraday when he introduced tho idea, 
it wu only by itopplng backward*, and noting what 
phyides would lie without thi* ooneeption, that one could 
appreciate the enormous stride made. 

Faraday's ions were ions In liquids, but In this online 
of lecture* tlio speaker intended, he said, to give atten¬ 
tion mainly to the ions found in gases. Tho study of 
ions in gases was, in faut, far easier than that of ion* in 
liquids, and accordingly much more wu known about 
them, although thi rue In liquids hail I sum studied for a 
much longer tbuu. Wu could, in fact, form a much 
simpler conception of live structure of a gas than of that 
of a liquid, and could accordingly conceive a bettor 
picture of wlial wu likely to go on within it. Wo oould, 
moreover, alter more easily llie oonditlon* of an ox|ieri- 
ment. It wu, for example, quite easy to reduce Lite 
pressure of a gas tn one millionth of Its original value, 
while It wu not ixtsslblu to vary tho conditions in a 
liquid to any thing like thn name extent. 

In the experiments he proposed to bring before tho 
mooting ho intoudixl to use an elnetipsoope of a type 
devised tiy J’rof. Zoleiiy, of Yale, which, for lecture 
punsMos, possessed vory many advantage*. The prin¬ 
ciple of the instrument wu very nmphi. in Fig. 1 , H 
denoted a plate nouplcd up to one terminal ot a battery 
giving 100 volts P.D., the other terminal being earthed. 
In front uf tills plate wu a strip of gold leaf 0, which, 
it would l hi wen, wu given a quarter twist, so Hint its 
edge, and mit its side, adjoined the plate. This gold 
leaf wu nouplcd up to tlie tup plate ahove which wu 
a collector connected to earth. 

On coupling up tho plate K to the liatlery, the gold 
leaf wu first nttnuitcd up to the plate, and reeeiving a 
charge from tlie latter, wu repelled. If any leakage of 
current tisik plane between tlie top plate V and the col¬ 
lector 1., tlie gold leaf lost lUoliarge, and in uouaequenno 
wu all meted ii|i to the plate again, to bo again repelled. 
Kn long, therefore, as leakage wu taking plana between 
tlie top plate and the collector, the gold leaf would con¬ 
tinue to oscillate up to the plate and away from it again. 

A difficulty met with in embodying this principle in 
* satisfactory Instrument wu the liability of the gold 
leaf tu slick to the plate when it touched it This wu 
one reason for mounting the gold leaf edgewise, but, 
even so, were the surface of the plate oloan metal, a <**- 
tain “eohiger" action arose when tbs gold leaf touched 
it, causing the leaf to slink and preventing its repulsion. 
He had found, however, that this difficulty oould be 
ov oro«a» b y pa rting on the plate paper treated with 
• Ksjmdund from K*rt*t«risf. 


My Sir J. J. Thomson, (), M., F. R. S. 

Indian ink. This was quite a good enough conductor, 
ami the gold leaf would not stick if the Ink used wu free 
from Umi largo a proportion of gum. While advantageous 
fur lecture purpew*. the instrument could, by suitably 
adjusting the distance between the leaf and tlie plate, be 
made almost u sensitive for laboratory purpose* u the 
Wilson electroscope. 

He sleiuld, he continued, use Uio lecture form of the 
Instrument to illustrate tho existence of ions and some 
of their properties, Charging up the instrument, he 
showed Lhat with ordinary air between the top plate 
and the collector there was no appreciable leakage, the 
gold loaf Isting steadily repelled from the plate. If, how¬ 
ever. the lecture were to lost for a day instead of an hour, 
some leakage would, he said, he Indicated, as ordinary air 
imsacmed aumc conductivity, though but on a very small 
scale aa compared with the conductivity of gases treated 
in special ways, lighting a match and letting the hot 
gases flow past tbu eleelraece|w, tlie lecturer showed 
Lliat the leaf began to oscillate, demnnslratlng that tho 
pnsliieU of combustion were capalilu of carrying away 
the cliargn from tho uloc.lroacopo, the loaf oscillating 
luuikwartls and forwards several limes a minute. Another 
melltod of putting a gas into the oonduotivc state was, 
he proceeded, to |muh It over a radlo-aetlvn body. Placing 
a little polonium In a tube, and hkiwing It through this 
tube on to tlui top plate of the electroscope, Sir Joseph 
Thomson slmwisl that the leaf was again set in oscilla¬ 
tion. 

He next modified the experiment by passing the 
air, after exposure to tlie isiluniiim, through a metal 
tube, having a central wire connected to one polo of a 
liattery and its wall oouphd to tho opposite pole. On 
lU way to the top plate of the nloeLroacope the air blown 
over lh« imlonium had thus to traverse the electric field 
Isitwoon the oentral wire and the tube wall, and ho showed 
that the air thus treated was incapable of affecting the 
elentroanope, while on destroying the deotrie field it 
again sol the gold leaf into oaoillation. lienee tho con¬ 
ductivity conferred on the air by the polonium must be 
due to aomothing which oould be filtered out by the action 
of an elec trio fluid. This experiment afforded a convinc¬ 
ing proof that the conductivity in question was due to 
ohaiged particle* mixed up with the air. That these 
charged particle* ware manufactured out of the air 
itself oould bo shown by making use of a glass vessel 
containing two electrode*, one coupled up to the eleo- 
trosoope, and the other to the earth. When thi* wa* ex¬ 
posed to Rdntgen rays, the motion of the gold leaf 
showed lhat the air inside tho bulb had become a con¬ 
ductor. On tho other hand, if the air wore removed by 
exhausting the vessel, there was nn leakage. 

Holding a llttio polonium near tho top plate uf the 
cloctruneope, the speaker iliowed that the effect of the 
polonium was limited to a definite range. If the polon¬ 
ium were more than a certain distance away, the gold 
loaf was unaffected; while It oamllatod actively if this 
critical distance were decreased by a few millimeter*. 

Rflntgun radiation was, he continued, only an extreme 
form of light, and it was therefore of Interest to de¬ 
termine whether other forma of light had the property 
of producing ions. It was found that quite definite 
effect* oould, In foot, be produced by tight, these effect* 
varying with tho quality of the light employed. 

1‘Taolng a piece of poliabod ainn on the top plate of the 
elootroaoope, tho apeakor focussed nn it, by meant of a 
quarts bins, the light obtained by a parking between 
two alno points, and showed that in this case the gold 
leaf was wl Into oaoillation if the zinc waa negatively 
charged, but that the ohargo waa retained whan the 
polarity of tho olnotroaoope was reverted, making the 
metal podtivo. Under the condition* of the experiment 
the metal oould, in fact, lose a negative charge, but not a 
positive one. The affect, he added, waa due to ultra¬ 
violet Ught of "a moderate character," capable of passing 
through a oonridereble space In air without great ab¬ 
sorption and of being focussed by a quarto lent. It 
oould not, however, pass through glass, the action being 
entirely stopped by interposing a aheet of gUaa between 
the spark-gap and the quarto lent. 

llopUeing the tine by a piece of poUahed braaa, the 
lecturer showed the effect was much lea marked, the 
leaf oscillating much more dowly. 

The ultra-violet light, wldnh thus produced then? 
kins from metala, wa* not, the speaker proceeded, capable 
ot making a gas eooduettve, but there waa aim titer kind 
of Ught which had the power of lonliiag gate*. This, 
known aa Hohnmann Ught, waa of attend/ abort ware- 
laogtb, x bring equal to about 1,300 Angstrom uni to, 
while the Ught which tonbad the tone, tn the e xp er im e nt 


previously shown, had a wave-length X of about 3,000 
Angitrom unit*. 

This Bohumann light waa, Mr Joseph said, very difficult 
to work with, moat bodies being practically opaque to it, 
and air at Its ordinary pressure would atop it within the 
distance of 1 or 3 millimeters; henee experiments could 
not be made in the open. In foot, tn the experiment 
with the tine, Schumann light waa actually produced at 
tbeapaik-gap, but waa all absorbed by the unrounding 
air, and to get any effect from it, it would have been 
neereaary to have had the plate almost in content with 
the (park. Ho far aa ha knew, white fluorite waa Urn 
only solid reasonably transparent to the Schumann ray*, 
and In this respect the fluorite varied much in quality, 
aumc siteolmen* being muob better than other* apparently 
identical. Colored fluorite waa useless. 

To produce the Bohumann light, he oould use a tube 
devised by Pref. Lyman, and represented in Pig. 3. ' It 
consisted of an exhausted bulb, divided into two oom- 
parlmonta, communicating through the oapiilary tube A. 
Around this tulxi waa arranged the ring oiootrnde H, 
the other electrode Isting at C. The top uf the tube waa 
ouvered by the piato of white fluorite F. On coupling 
up the tube to a cod, a discharge of eonaiderable Intensity 
pasted through the oapiilary tube, and Bohumann raya 
were given off, which passed through the fluorite piato. 
Helling the aril in operation, and blowing air across the 
top of the fluorite plate, Hir Joseph Thornton showed 
that litis air was Ionized, and waa cat table of ditoharging 
an oleetrosoope. The great opacity of air to the rays 
waa sluiwn by deflecting the blast to that It paced aomo 
few millimeters above the plate, in which ease it acquired 



very little oonduetlvity. A quarts plate planted on top 
of the fluorite deatroyod all signs of conductivity, the 
quarts bring opaque to the Bohumann raya. 

Thi* Ionization of gaao* by ultra-violet light touched, 
Kir Joaeph said, on a most interesting part of hla subject— 
via., the connection between ordinary light and HAntgen 
raya. The latlef ionised all gaaua to tome oztent, whlls 
he thought pure helium would be immune to the action 
of Sch um a nn light, helium being, in fact, one of the hard¬ 
est of all gases to ionise, probably just outatyp the Until 
at which Ionization by the Bohumann radiation was 
practicable. 

There waa, he said, still another method of producing 
ion* in gaao*. The gaaea given off by heated metals, 
were, in fact, ionised, positive Iona bring produced 
mainly at low temperature*, and negative one* mainly 
at a white beat. 

[Non.—A correspondent of flngtoeertef makes the 
following comment: The lecture* now proceeding at 
the Royal Institution recall the aofaject of afeam con¬ 
densation, where Ions form the nuclei, which appear 
the real Incentive to steam to condense upon, ran sec¬ 
ond of Blr J. J, Tbemaoa'a lectures aspects liy la preg¬ 
nant with thi* particular phenomenon, and I fancy to 
ace again the future electrical condenser for (team en¬ 
gine* or turbine*, which I* neither a surface noryu 
mechanically operated Injection condenser. - To me- (t 
appear* that If a receptacle, or oartty, I* tilled with 
a plentiful supply of free Iona, sastoloed oMenattek 
migbt.be accomplished, possibly more efficiently so tha n 
hitherto.] 

(To If OMMmwri.) 4 . 

Um fork K np t ton a, Aooordlny to the BuUMn 
of the Belamologteal Horiety of America righty-fOur 
eruptions of Iaam Peak owurred between the fat 
outbreak on May 30th, 1014, and Manh 03d, 1016, 
e* aa avenge of one eruption awry &6 days for the total., 
Print May 80th to Auguat 33d, 1014, the avenge inter- 
ral between wuptkma waa 27 days, white friwi the latter 
<Uta to March 23d, 1016, the interval averag'd 4 days, - 
Thna it aaama that ths activity of the veteaw) to dbtoa. 
***** 
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Why Vocational Guidance?* 

Misdirection of Abilities Avoided and Future Success Made More Certain 

By Benjamin C Gruonhergf 


Tws folks will tell you that when they went to aehool 
they had none of the new-fangled fnlla and vocational 
guidance, and they got along just ai will- and so mo 
think even better WhMh only mean* that they don t 
know what they missed Hie individual a penpeetave 
doea not allow him to be a judge of whether the ohangea 
iw have oome about in bu generation are on the whole 
advantageous or otherwise to the community But 
adequate records enable na to compare conditions at 
various periods and judge whether the community hai 
gained or lost, without regard to what happened to this 
or that particular individual 

Our economic relations have undergone such rapid 
ohang ea unou the Civil War that moat adults have not 
had s™ to re-ad just their mental atlitudue to the now 
oondibons And the younger people arc dominated by 
the phrases and traditions of the past This is illus¬ 
trated by the oomplaoenne with which we assume that 
all one needs for getting started in hfe is a job Or 
by the fact that so many of us aoquiesoe in the doctrine 
that the trouble with the unemployed is that they have 
not found their jobs Or by tho currency of the notion 
that young men can go to some vague Wert' and 
grow up with the country, and make a fortune as 
fortunes were made in the past It is these funda¬ 
mental eoonomio changes that have brought us sud 
denly the problem of vocational guidance, aa well as the 
need for a complete reorganisation of our whole school 
system 

The former drift into vocation* chiefly along the 
lines of family usage or neighborhood (ustum u for 
the mass of our younger people no longir possible Tho 
oooupations themselves have disappeared in the Iran* 
for of production to the factory The neighborhood 
artimns have disappeared m the shifting of population* 
The variety of experience* ha* disappeared m the 
rimphfleation of processes 

There are no longer industries carried on in the homo 
where the ehildren can learn the rudimt nls and acquire 
slnll through incidental participation With tlie con¬ 
centration of the specialised work in the f sc tones, the 
apprenticeship system has died out And with the 
sunphfleation of individual proociaiua trades have lost 
their identity and have thus been lost from the atten¬ 
tion of the young men and women destined to occupy 


Ks pnwially noteworthy is the situation m the larger 
erty and in the manufacturing town A combination of 
economic foroes has brought about a condition in which 
then is a demaud for Jobs' on the part of an army of 
young boy* and girie and in which there are hundreds 
at jobs that can he a* well filled by thceo untrained 
children as by older men and women The family* 
needs compel the sacrifice of many considerations, 
Including the vague future of tho children, to tho 
opportunity for immediate earmngi 

Accordingly, boys and girls leave schools woefully 
lacking in even the rudiments of an education “ and 
enter thceo occupations that lead to nothing They 
run elevators or errands, they wrap ehuoolatea or par- 
eels, they open oysters or stem cherries, they 'tend 
stands or sweep offices, they paste lsbels or pull besting 
threads, they do a thousand other things while they 
sre rapidly outgrowing their native pfcaitmty and the 
capaeity to aoquir* greater skill and new Ideas, while 


Y forgetting what they learned of the 


three Re, and while tho source* of youth * idealism 
are drying up 

With our wheels standardized under the age-king in 
fluent« of the university the cluldren albndiug high 
schools for s longer or shorter pc nod have in most oases 
merely a larger amount of lertam land* of learning 
But they have noL any more knowledge or experience 
of the land* necessary to prepare them either for par¬ 
ticular occupations or for mUtbgi nt choice of an oce u- 
pation Indeed whatever influence the high «I tools 
have had has hewn in tho direr tion of prejudging pupil* 
m favor of professional work with olnncal work as a 
close second 

Wo do not need to enter into the internal causes 
that have hitherto produced tin so n suits Thi nit 
result u that I In young peopli have school mulir 
conditions that permit only a small fraction of tlum 
to enbr upon occupations for wluc h they an naturally 
fitted or for which thiy have the opportunity to pre¬ 
pare themselves 

Tn the meanwhile our prof ssnins have heconu ovir 
crowded so that the avirogo iiuome of a lawytr or a 
doctor m this country is less than the avirage imonii 
of a good miv hang Tn the mianwhile nur industries 
have actually felt tho buk of skilhd worker* to a very 
serious dogrec In tho imauwhde I he mass of workir* 
go forth to their labors with Ihe iirtaintv of failure 
be fore them 

It is in thi se complex cin unistaiu es that tho vot a- 
temnl guidance movement lins Ms sourio and its justi 
Station Hums neod for training up young min and 
women for work that has to lie clow but there is aUo 
need for a lectmg the young me n and women for thi ir 
oc oupations upon a bom* more adequate than their 
random dial nbulwn in space and tune It is imposublt 
through resolution or legislation to abolish the blind 
alley occu|»tmns Wo can warn young people agauisl 
entering tut h occupations wo ean warn parent* ogamst 
htting their tluldnn enter rath occupations and wi 
tan legislate ag&tnsl Uu employment of girl* nntl I toys 
at too early an tgn 

Our warning to the young people will ho counter 
acted in part by the spec mu* plea that going to work 
will malm a man of Johnny Our warning to the 
parent* will liave to meet the pressure of rtonomu 
necessity ui Tnim one-fourth to one-third of thi cases 
Our attempt tn legislate for the protet lion of the youth 
will meet tlu organize A opposition uf all who profit from 
the exploitation or iluhlnu and low-grade lalwr gc ncr 
ally 

On thi side of the pupil* in the si honl* then is need 
for nsoguiUtra of thi fai t that ailnnrati m for a hi ro 
u no iniluabun of quolilhalton U) follow in his route 
steps H lakes more lhan amluUui and imagination to 
make an artist Arthur ha* both lull is unfortunately 
color blind and will have hi forego color work Tho 
fact l* that we havi mado hut a bare beginning in tlu 
direction of analynng the nature of the child with a 
view to finding out what kinds of work ho may qualify 
to do But there m a great need for a development of 
technique and an organization of simple methods that 
can be applied by every teachtr to Ihe ihildnn undir 
her immediate charge An induaUon of the wide¬ 
spread appreciation of some such need may be seiu in 
the fact that so many oliariatans succ eed in separating 
people from their money by promising to read their 
characters and special abilities eb in the stare ta the 
palm of the hand in the bump* on the hi ad in the 


twists of thi band writing and in the labst photograph 
Tho world is isgir for ll\« blessing of knowing what 
cm h «ail In si du a blissing thnl is dmicd to m ml of 
us It is tlu nun of voiational guidnn < to assist in tlu 
wider ixtinsuin at tins gnat lihwang 

Many steps have been talon toward tlu establish 
mint of vocational guidance on a iiiinpn lie wave plan 
But the various *U ps liave not all Ins n Inlo n I \ am 
one community or school system 

The gathering of information or tlie making of sur 
vi vs sot ms to be tlie first step Many of the sur 
veys already made m vannus otnltrs uf industry will 
ylild information as to Hue nondiUons of work in icrloin 
occupations Such mformatHm needs to lu constantly 
brought up to dab h\ means uf direct contact with tho 
Industrie s and bv means of pc rmnne nt c ■ inns work 
corned on by departments of loluir and commerce ill 
vestigations uf pub ic commission* and of hoc ioI workers 
The best surveys so far made hate been conducted 
under the auspices of the Russell Hagn Foundation 
Hie results of these mtestlgalums are unfortunate lv 
unavailable for tlu clulclnn in school or even for must 
teachers Du ro is needed a wnes of simple sum 
manes of these surviys that can Is placed in tlu hands 
of pupils and teachers 

I lie training of teachers in tlu use of statistical and 
other reports on economic and social conditions is 
another stop forward Psychologists are eenduiting 
ex|ic rum nls with a vie w to devising fornuU bets that an 
on the one hand simple c nough to he used by ordinary 
harbors working with ihildnn in large number* and 
on theotlur hand scorching enough to indicate at hast 
in a gc uernl wsy the main types of capac itv immccccchkcI 
bv ohddn n in such varying degree* 

Many i ilies and towns have established difTc re nlutled 
ooursoa of study in the upper eiementmry gnulm c si 
cuiatod to give girls and luiys a ohanco to try out 
tluir varying powers in actual work This movement 
IB likely before long to boreime a commonplace in all 
progressive sc hoe 1 systems Indeed the great educa¬ 
tional revolution in the near future is most likely to 
modify tho sc liool course in sue li a manner (hat from 
term to term the individual ihilil will be showing the 
teaoher just what he can do lust and just what he 
needs moat to be taught 

A consideration of all that is implusl by vocational 
guidance must be of interest to every social and uco 
lumuo reformer as well os to the prognsesive teacher 
If we can imagine tlie scluwls so orgsiu/ecl ami con 
ducted that each lulel s abilities an early recugni/ed 
and then fully devclipeel that each child Slavs in 
si hoed and docs useful educative work h> the age. erf 
eighteen veurs or later wo nan sec some of lliese im 
plications Wi should in tlie supposed ease he eon 
frontul with tlu fact that the |vublu school lnuns toe h 
elulel for useful service while the public lias not the 
means to assure to laeh erf its graduates an opportiimtv 
to axon us his talents ami skill In the «mc*e| plneo 
we slioulel Ih confronted with tin olbrnativc of refits 
ing to rum ehildren by sending them into occupations 
that an obviously destructive erf tin Inst in human 
life or of refusing to nun thi industries by withholding 
from them the children At iirchciit neillier tlu public 
at largo nor the teachers in sell ml raoogm/o that this 
choue of courses hew before us When tie study of 
vocational gimlane e liecomee the se no is eon i m erf the 
public schools sen ii ty will become cornu unis of some of 
its basio troubles 


Whetstones tat the IMted Statea National 
M u— 

No* many psopi* reaUie that thaw is a special sort 
of wtatetone for nearly every purpose The proper 
sharpening stones or abrasives tor me in venous pro- 
fosriont and trades and in household work ore exhibited 
in the dhrUon of mineral technology of the United 
States National Museum at Washington, D. O 
Probably the fort stone used far ahnuava purposes 
wae mndstoea, and it Is «KU umd to-day IU mm 
B rit and me vain fort a W t aa te d attention, while the 
rough edge that h gave was all that wae then required 
The hard, white, oompaet mndstouea found near Hot 
fmkm Arkaaaaa. are among the beet whttetoaee 
k—. —Vac, M not njrpaerihg, the Tarhey stone 
which hr yeara hae been aonriderod one of the beat 
Thb Arkaneae terns fa known aa Notaeulfto, and oeeura 
ta fc— «tr 4—a giadta. ndtaMa fog uaa with eectaln tool*. 


The hard, flint-hke stono should bo used only bi sharpen 
instruments made of the very best steel requiring very 
keen edges and points, such as those used by surgeons 
dentist* and Jeweler* Other grades although com 
posed of the nme ingredients are more porous, the sand 
gnus are not as dose together and a rougher odge ii 
given to the sharpened tool Because of tluir more 
porous nature, these stones out faster proving suitable 
for the finer edged tools of carpenters machinist* and 
engravers, and for honing razors 
Indiana and Ohio supply a whetstone made from a 
mudstone of a coarser gram than the Novacmlite of 
Arkansas, but nevertheless quite uniform It may be 
used with either oil or water, and Is useful for sharpening 
household cutlery, penknives or ordinary carpenter* 
tool* But since it is easily out and grooved by hard 

not be edged or pointed on this stone 


Bey the* tones and mowing machine stones an prac 
tuolly all made from nuia schist risks funul in New 
Hampshire and Vermont Then rocks arc gcmrtllv 
of a dark grey color and compmiiitl at vm tl in sli s Is 
of mica and quartz crystals mbrlaminatcd Tlu gnl 
of tho si lust is not as sharp a* tliat of the laiulhteuii 
tieoause it contains foreign material other than hiIicu 
whu h prevents the quart* grains from abrading fn-elv 
Mu a schist stones wear down quickly from constant 
use—an advantage rallur than a disadvantage for 
os they wear down more of tlu hard silua grams ar 
expense! to do tho sharpening Neither oil nor water 
is needod to keep tho pores of the stono open os w illi 
other whetstone rocks Sc.ythc* require stones with 
these qualities Some of the fine groined sc 1ml* 
which produce well finished edges are made into 
oarpenten lunch stones —Uvtltlin oj Ike ss ilka isias 

/ HStllullOS 






n>» United Stalaa Beat collier JupUcr baa thirteeu cargo holda to bo used both far oil aad coal She la dlatlngulaked by bar peculiar boa an aad 
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Coaling United States Warships 
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tkf toft* tt» ;w*r< operator rataas* hi* baMteg 
■ii fcaMtaff Amu, and Mb tha bucket drop on the coal 
mtaplsttog !»• <9c3s. It tha bucket done u it drops 
the bucket opsrator wUl throw Id hia hewing drum just 
More the bticket catches the ooal the backet will then 
ofen, sad he eta throw out Ms balding arm dropping 
Om Mnt on the cool 

Wien t warahip to to bt coaled the comer la brought 
aloligddti or one toy be placed on each aide and tb* 


work praecutad by both at the aame time With the 
tranafer boons lowered the big bucket! glide rapidly 
bad and forth each one delivering the coal at the 
rate of oat hun lred tana an hour either Into the chute* 
leading to the bonkers, or In pUea on deck whence It 
la later shovelled below It la evident that these opera 
tlone can only be carried on when the water la com 
paratlvely smooth and the speed of coaling will depend 
on the number of buckets It la poaatble to operate Bo 


far the beat work accomplished waa the tranafer of (M 
tons In an hour with two collier* delivering at Uw same 
time on cither side of the wamblp 
Coaling ship to always a dirty and dhagreeable 
operation to those who are thereby employed and la 
rushed through as rapidly aa possible On such or 
cs stone it la customary t turn nut the shlj a I and 
which stimulates and cheers tho men on with llv ly 
music 


The Rifling of Firearms' 

Why It Is Necessary, and Some of the Principles Involved 


Aoctriuor of fire and effective action of shots are the 
two most important pr o perlaes that a cannon should 
p ossess These requirements an met by using aa heavy 
a projectile as possible and giving it a nearly uniform 
trajectory In which all irregularities that it is impossible 
to ettmbatuan be saturfaetonly calculated or estimated 
Of theas angularities the greatest and the moat dif 
dealt to compute an eausod by the resistance opposed 
by the dr whieh vanes with the foroe and directum of 
the wind the height of the barometer the temperature 
sod humidity of the air and other weather conditions 
The reriatanee which the air opposes to sphenoal pro 
Jaatiks la very gnat so that a notable Improvement m 
tbs art of gunnery waa made by the adoption of the 



Pig 1.—Trajectories 

SB In sir VB In vscuo a A deration of snn 
tttr isaxtauaa bsunti ettslasd by projectile 


elongated oybndncal projectile of groat weight and oom 
paratlvely small orosa-section This innovation how 
ever gave riae to difficulties Wauso a long projootalo 
tends to act itself perpendicular to ita line of flight (Fig 1) 
This tendency may be observed in a strip of paper which 
held la a vertical position and let fall quickly assumes 
a horbontal position and flutters to the floor in a spiral 
path A model of a oylindnial artillery projectile 
mounted so that it can turn freely s<ts Itself at right 
angles to a current of air blown against it 
This drikulty was met by rifling the cannon and 
Urns imprearing on the projectile a rapid anal rotati in 
and giving its arts like that of a spinning top a resist 
aus to ohange in direction Bilhng was invented for 
a totally different purpose by Augustin Kuttnar wh > 
died u Nuremberg in 1830 Early m the history of 
gunnery It had been observed that aeoidenUl rotary 
movemen ts of the sphenoal projectiles wlueh were then 
universally employed produced deviations from lie 
rowrasl trajectory Attempt* were made to produre 
nnular rotations and deviations artificially by making 
aeoantne cavities In the shot For example a cavity 
titnated above the oentir of the shot at the moment of 
firing would produce a forward rolling rotation and the 
excess of (be upward faction of the oompreraed air in 
hoot onr the downward friction of the rarefied air 
behind would eause a continual liftihg of the shot and 
thsraforc aa iaoreased range 

l* Tb* cyewne of the 10th oentury were provided with 
atreight grooves, in order to facilitate cleaning Kuttner 
mbetitnted «bal grooves with the idea ol overooming 


iu tight in muule-loading guns lho small gain 
hrought with it a serious disadvantage and so the spiral 
grooves wire abandoned though they were re-adopted 
much later for another purpose 

Modem firearms are nfled with vary shallow grooves 
of reotangnlar section usually equal in width to the 
intervening spaces or Adds Their number is eon 
siderable in guns of Urge caliber the Krupp 40 oenti 
meter cannon having 00 grooves The Hilda booome 
flattened as they approaoh the loading ohambor so that 
the projectile with its two copper guide rings can be 
introduced without pressure In firing tho ooppi r rings 
are automatically preood into the groove* mstinnj, 
perfect caulking and aoeurate guiding T1 o earlier 
preotioe of oaulkmg with leaden ring* has boon al andoned 
because of the great weight of the lead Its deposition 
on the inner surf sec of th gun and the diminished 
splintering notion of the shell 

Right-hand rifling is adopted in all firearms usod by 
the German army The shot as seen from the gun 
rotates in the direction of the hands of a cloak The 
angle of nfling i e the angle betwoen the groove and 
a line parallel to the axis of the bore vanes within wide 
bouts ranging from 1 to 4 degrees in long cannon with 
great Initial velocity of projectile from 7 to 8 degrees 
in shorter cannon and from 6 to 6 degrees in infantry 
rifles (In old rifles the angle is oonndenbly smaller) 
1‘regressive nfhng beginning with a small angle at the 
breech and increasing the angle until the muarie is 
resehed is now of ten used The angle of rifling roaroaaos 
from 3 to 7 legrees in the 1 rag 115 oentuneter cannon and 
from 4 to 13 degrees in the 15 oentuneter howitrer The 
choice of the angle rf rifling is affected by various con 
sidorations the length caliber and elevation of the gun 
the weight of the charge the length and construction 
of the projectiles oto 

1 ho rotation of the projectile which u caused by rifling 
produces Us desired effect directly anil satisfactorily 
only when tho trajectory Is nearly levtl A projectile 
discharged from a gun i leva ted to a high am,le would 
have to depress its point continually in order to koop 
its axu in coincident* with Its greatly curved trajectory 
The dim lion of the axis however is kept fixed by the 


particles whkh are earned arounl tin injectale Ivits 
rotation move somewhat forward on the right aide and 
haokward on the lift On the right si lo tl n collision* 
of these whirling air particles with the backward relative 
air current caused by the forward mob n <f the pro¬ 
ps) tile produce oondinsation and in rease of pressure 
while the density and pressure of the air are diminished 
on the left side This exons of pressure on th right 
side ea isos the projeotilo to deviate slightly to the left 
T he estimated amount of this effect is less than that of 
the opposed Poisson effoot Experiment shows only a 
very small deviation to the light which represents the 
difference between the Poisson and Magnus effects 
Far more important is tho peculiar process by which 



Fig 4 —Precession of a top 
PI one of praension Pt sits of precession Rs axis of 
rotation JTr direction of tall (If not ipinnlna) Kt 


toWUd earns a conti nu al lifting or tne snot ana rolaU(nj ^ y, e presale and consequently soon 

thanfora M ianrsasod range makes a considerable angle with the trajectory For- 

l:Tb* cannon of the 10th century wen provided with ^ mult U accomplished indirectly 

straight grooves, in order to facilitate cleaning Kuttner ^ automatically by th* operation if oertain faeton 
nbetltatad tidrol groove* with the idea of overooming were mystenoua The rotation of the pro- 

O jcctil* and its InoUnation to the trajectory continue to 

s " / HfflBsj ooll into action time foroe* of which two produoe alight 

O lateral deviation* while th* third eontinnaQy brings 
',"T 9Qx book tbs axis to approximate ooraoidenos with the 

r The jaaimaboa of the axis strongly o om presses the 

fig, I r^na affaat flarihatirr af pnjactila) air beneath the projectile whieh in oansequeoee of ita 
nankltif) rotation rolls on the cushion of compressed air toward 

the right (m right-hand rifling) and deviate* aUghtly 
As riririf- - iff th* air by s boring action of the rapidly u the aania dmetton from iU previous ooon* This 
ntoMw awjaatfli Hm shot waa tail with pro tuber- » known sa the P a to ao n effect (Fig 3) 

«Maa that entstad lb# grooves Hsnes tha grooves had Another devi ati on nailed th* Magnus effect (Fig 3) 
tobatfnftadasp, aadtt wm vary drikah to mak* thsm to brought about in tha following manner When the 

* ■ il ' lti?: ■ ^ IS - ST ~ point of a projectile having nght-haad or oloekwiae 

JEfgfiSi fawtixim rotation, ia above tha tangent to tha trajaatory, the ab 


Fig 3 —Magnus effect (Inclination of projectile 
exaggerated) 

/ f trmjsctory t center of srsrltj d d compression 


l! c axis f tho pn j«tde auti n ati ally tends to rot im to 
the tangent to tho trajectory This action may bo 
illustrated by tho common spinning top (Fig 4) A 
spinning top with its axis inclined to the vortical d es 
not fall over but mo vea so that its axis deirnbr* a verb al 
cone Tho rapidity at tills movement of the axis aro in 1 
the vertical line is inversely I re portions! to the velocity 
with which the top rotates about ita axis The foroe 
f gravity which would eause the to) if m t spinning 
ti fall ver and would therefore increase the angle 
litween it* sons and tho vortical mi rely n tales the 
plane of this angle without increasing It when the top 
is spinning In the ease of an elongated rotating pro 
jeotile with its point above its curved trajectory (Fig 5) 
the fine of gravity is replaced ly the aerodinamie 
fore* that sets to increase tho anile between the axis 
aid the path to a tight angle Owing to Ue rapid 
rotation of the projeotilo this increase does not ooour 
but the arts of the projectile lesmbfs a oone abi it the 
tangent to the trajectory When tl e axis I as swept 
thn ugh one half of this oone it is again in tl ( ' rtieal 
plane of the trajectory Meanwhile the project le has 
advanced along the curved trajectory so that the axis 
in its nsw position is neariv eomci loot with the tanger t 
to the trajectory at the point whieh tho projoctilo has 
reached In this way the deviation of the axis from tho 
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trajectory in kupt within narrow llniitn. Mathematical to oonwt deviations of the axis from the trajectory. elevation at and beyond whfeh th# rtitiag faib, dsjiswb 
investigation shown that the point of the projoctilo moves The dUBeultios are increased when the gun la designod upon tine angie of rifling at the ntuatis. the robber and 
in cycloidal curves. for use at widely different elevation*. It is evident that the velocity of the projectile. Regarded from this view* 

In the projoetilo, as in thn top, this “preoeMdonal” no sort of rifling oan invert at the summit of its Sight a point, the new C*aa 42-oen time tar mortar reprseenU 
movement of tite axu is inversely prtqiortionai to the projectile which Is fired vertically upward, or oan prevent a far higher technical achievement than appears at Aral 
velocity of rotation about the axis. This fact must be sunli a projectile striking the ground with its base, in- glance. The great increase hi caliber la not only a 
considered in connection with tin' problem of rifling, stead of its point. Henoo, in testing a given rifling, the matter of improvement in the use of materials and in 
Too rapid rotation, caused by too large an angle of rifling, gun is progressively olevated until the projootlle strikes methods of construction. It also Involves new aalcula- 
inay in sumo conditions make the precession too slow in this manner. The elevation thus determined, the thins, based upon many long and costly experiments. 


The Dyestuff Situation' 

Reasons Why the Establishment of Competative Plants Would Be Poor Financial Policy 


NfxNiirAi-riiHKHH of American flags are in no Inimedl- 
ale liauger of having to rely upon Cape Cod eranherrim 
for their red or California skim for their blue. Nor is 
il preliable tlial our textile manufacturers generally 
will be forced to adopt the suggestion that we utilixe 
our native rainbows to supply the tinctorial require¬ 
ment* of their industry. Hix months ago the situation 
was different. You could have sold rainliows fry the 
fool. The people generally and oven the consumers of 
dyestuffs awoke at tile first deolaration of srar to the long 
liatent faet dial thn ilidustrhe of these United States 
an< dependent upoh (lermany for thoir supplies of eolor- 
ing matters, synthetie drugs and many other highly 
necessary pmduots derived from coal tar. A situation 
which had been eminently satisfactory to consumers for 
many years suddenly appeared humiliating and intol¬ 
erable wilen the embargo first threatened to out off sup¬ 
plies. Them were Insistent demands for the immediate 
inauguration of an American coal-tar cuhir industry to 
relievo tint situation and render lm|M««ltile Us recurrence. 
It was to bo established by changing the tariff and thn 
intent laws and letting muueliody clue find the money, 
lloveniment ownership of dyestuff plants was not oon- 
Kldcrcd seriously because them worn no dcrmaii plants 
lllteriuxl. 

With llio lifting of the embargo and tlio resumption 
of shipments by way of Rotterdam most uf tin humilia¬ 
tion disappeared, whilo now there is even a growing dis¬ 
inclination upon the part of textile manufacturers to let 
the other fellow find the money—and make those essen¬ 
tial changes In the tariff. The situation nevertheless re¬ 
mains one tii cause concern and involves many factors 
which are worthy of your serious consideration. 

All the world know* that during lh« last 60 yews a 
sweeping revolution has Iwen effected in the art of 
dyeing. The vegetable dyes like logwood, fustic, sumac, 
madder, indigo and many others, the few animal dyes 
like cochineal and the relatively crude mineral pigments 
have all been displaced completely or ill greater port liy 
the products of synthetic chemistry after a record of 
tinotorial service extending lack to the days of Genesis. 
Tlio coal-tar color iudustry, wlUoh luyan In 185*1 with 
the discovery of mauve by an English boy of eighteen, 
known later as Sir William Henry Perkin, soon took reot 
in Germany where it has attained its present great de¬ 
velopment and ilelinately adjusted organization mainly 
through the genius of a few and the plodding industry 
or many German chemists, the far-sighted courage of 
German financiers and the technical and business sagaoily 
of German managers. It is in a very real soium a created 
industry brought into being by the reaction of mteiloot 
upon the black chaos of ooal tar. it is peculiarly a 
German Industry and its product* for the most |«rl 
may justly and proudly hew the legend, "Mode in 
Germany." 

Contrary to popular Ixdicf the products of this in¬ 
dustry lave displaced the old vegetable dyes Wause 
limy are Imltcr, brighter, faster, easier of application, 
cheaper and incomparably wider in enter range. 

With our textile and paper mills, iwlnl and varnish 
manufacturers, makers of printing inks, and many 
minor Industries thus definitely committed to the use 
of coal-tar dyes it la not surprising that the sudden pros- 
IHs t of a dyestuff famine should have occasioned grave 
concern. At the outbreak of the war the textile mills 
were generally credited with having not more than five 
months’ supply on hand. The other industries con¬ 
cerned were probably loss fortunate. For a time the 
German emluugo on dyestuffs prevented shipments, and 
stocks were rapidly depleted. Through the pernstont, 
earnest and capable efforts of American rep res e ntative* 
of the German manufacturers shipments have been ro¬ 
se imtl undor some restrictions but with rosso noble 
regularity. The German plants are running at about 
<10 per oont capacity and distribution of thoir pruduot 
is regulatad by the Government through the Rocicty 
of Dyestuff Manufacturers. The basts of allotment 
Is said to be 75 per pent of the 1813 consumption dls- 
* Address before tbe filled Blaus Chamber of Oemasres. 
WiaMogton. February tta. IBIS. 


By Arthur D. Little 

Unbilled over monthly shipments which must go forward 
in American boats. There Is little doubt that to prevent 
re-shipment to the allies it is the German policy to keep 
our own mills in a chronic state of dyestuff hungor. As 
a result many mills are now running from hand to mouth, 
others claim to be provided for three months and a few 
for a somewhat longer period on certain linns of colors. 

As a result at tho close interdependence of the coal-tar 
dyes and coal-tar explosives industries there has been a 
practically complete cessation of receipts of sueh dyes 
snd developers as require for their manufacture nitric 
acid or raw materials derived from coal tar and available 
for the production of explosive*. Such materials for 
example are toluol and carbolic arid. 

The arid blues and arid blacks largely used In dyeing 
woolens are already scarce as are also most yellows and 
uranges and a wide variety of blues and greens. Pora- 
nitraniline, used in connection with pigment red poster 
work, is practically out of the market and it may be said 
that pigment workers, generally find them selves In an 
especially precarious condition os to dyes. ' 

Nilro developers are cut off entirely and hela-naplilhnl 
is obtainable only at prices which arc almost prohibitive. 
Within a fortnight a huge gingham mill has puroluuod 
1,200 ixiunds at SIJKl a pound, as against a normal 
price of 9 to 9H cents. 

In tli in connection it is only just to point out that the 
German manufacturers and the agents and importers 
here liave handled the difficult and abnormal situation 
created by the war in a spirit of great fairness. They 
have prevented stocking up by greedy consumers, they 
have apportioned supplies impartially on the basis of 
past consumption, sod thoy have shown remarkable 
restraint in the matter of prices. The present average 
advance on obtainable colors is about 26 per cent based 
on a 10 per cent increase in factory price and higher in¬ 
surance and freights. Id some eases tho advance is 
116 to 40 per cent. There is every prospect that witli the 
diminution in the supply of raw materials prices will go 
much higher in the near future. There is a compensat¬ 
ing, though somewhat remnto, possibility that thn 
manufacture of nltro dyes and duvuloptrs may bo re¬ 
sumed as tho German government has subsidised the 
construction of two large plants for tho manufacture of 
nitric acid from the air and these are expected to come 
into n|wration during the present month. 

In the faoe of tlio present emergency the texti'e mills 
are resorting wherever possible to tlie old vegetable 
dyes and are already making free use of logwood and 
fustic. As a result those woods and their extracts have 
experienced a marked advance, amounting in aate of 
fustic to 100 per oont. Paper mills are endeavoring to 
confine their produot to natural and white papers or 
those which are tinted rather than deeply colored and all 
consumers are husbanding their color resources with 
tho utmost care and adopting makeshifts wherevor 
possible. It is gratifying to note that in these efforts 
thoy have thn cordial and effective co-operation of tbs 
laboratories and technical staffs of the great importing 
agents. 

In 1918 the average dividend paid by German dyestuff 
factories was 21.74 per oent. The actual earnings were 
much greater, and have sufficed In the past to provide 
sinking funds to cover the entire costs of development and 
plant. Few industries in tlie United States can make 
so good a showing. It seems reasonable, therefore, to 
inquire why wa should endure Indefinitely the present 
hardships and why we should not have a coal-tar color 
industry at our own which should supply oar wants 
without lot or hindrance from Oennany. There is but 
one answer to these questions and hut one consideration 
to restrain us. We oan have such an industry whenever 
we are prepared to pay the prioe but is it worth that 
price? 

The coal-tar color and explorivee Industry as developed 
by Germany is probably the most highly organised of 
any industry in tho world. Starting with lea than a 
doaea erode raw materials such as beaaol, totnol, aa- 
thraeeae, napthalene, carbolic add, etc,, derived from 
ooal Ur, It builds up by oompiex ebemlaal procaaM 


which often Involve elaborate and expensive plants and 
the most rigid sdenUflo control of operating conditions 
more than nlno hundred separate ultimate products and 
over throe hundred Intermediates, so called, or over 
twelve hundred products in all, some of which cannot be 
turned out commercially In quantities mufh over tOO 
pounds. The wholo system of production depends far 
its commercial efficiency upon the dose correlation and 
interdependence of these many products. The industry 
is seir-containcd. It makes its own erodes and converts 
its own wastes into raw materials for new processes to ho 
applied to them by itself. The adjustment of the 
economic balance is so dose that a slight change in tlie 
value of some one produot may disarrange wholo series 
of proeessos and affect disastrously many products. 
Obviously, therefore, at this stage of its development, 
tho industry must ho considered as a whole if any effective 
competitive development in this country is to be at¬ 
tained. The situation is not unlike that now existing 
in our pocking industry, where, by rougher methods In¬ 
deed, but on a far greater scale, the entire raw material 
is utilized in a oompiex series of related products which 
ore individually profitable only because of their rotations 
to the others. 

Twenty-two factories are involved In the Gorman dye¬ 
stuff industry but by far the larger portion of tho businrsa 
is in the hands of four great companies. The Industry as 
a whole is bound together by trade agreements and co¬ 
operative arrangement* which add greatly to the effici¬ 
ency cf production. 

A few figures regarding one of these oompaniea are 
instructive. For transportation within the plant it 
utilizes 42 miles of railroad. Its water works supply 
10 billion gallons yearly and its ioe factory 12,000 tons 
of ioe. It has 400 steam engines. 600 electric motors, 
nearly as many telephone stations, and 20 steam fire 
engines. It has a frontage on tho Rhine of miles 
and handles sulphuric acid in tank steamers. Seven 
yearn ago it employed 217 ohemlaU, 142 civil engineers, 
8,00(1 workmen, and a commercial staff of 918. Perhaps 
even more important from the present point of view 
of the American business man Is this significant statement 
published by this oimpany: 

"On looking back upon the successes which the Badisnhe 
Anilin und Sod* Fobrik has achieved since its foundation 
the management feels it to be their pleasant duty to 
remember gratefully the benevolent and appreciative 
support which their effort* have always met at the hands 
of the State authorities." 

Within the bat few weeks, Dr. B. C. Hosse, of New 
York, who combines in a remarkable manner the func¬ 
tions of the chemist and statistiulan, has brought to¬ 
gether many figures which bear upon our present problem 
and which give some indication of the prioe whioh we 
would have to pay for an American ooal-tar eolor in¬ 
dustry. 

The world’s production of all coal-tar dyes is sub¬ 
stantially 1100,900,000. ’ The annual turnover of the 
German plants is about 180,000,000; the plant value 
on various estimates b not far from $400,000,000. It 
will be noted that the relation of plant investment to 
output b extremely high, being $6 to $1. There b one 
works chemist to every 180,000 of output and about 
80,000 employees In *11. The total export value of tbs 
German produot was about $65,000,000, wflioh waa 
distributed among 33 eountriea. China talma four time* 
aa much German indigo as the United Btata* oonsumm. 
The average wage in the Industry waa 4.80 marks in¬ 
clusive of boys, common labor and skllbd labor. Tbs 
avenge men’s wage was 6.86 marks, or SI .40, which Is 
brought by bonuses and social service to the equ i vale n t 
uf SI 44. The gram avenge export value of tbs 1013 
dyes produced b $81,406 each, or, excepting a very few 
of the most important, the eomspoaiing figure for tbs 
rrenaining 900 or more b $40411, Dr. Hearn has 
characterized the German eoaMar eokr industry aa 
"jurt about a oaMatba bustasas," and on thb timwtng 
I would ask you if Dr. HsaBa boot right. 

It b nerortiul ms aa fed**? wUak km been rapists 
wltlt rnm iBii and with great g skbritaps t . Thray*; 
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Ml at allsartoe for mgunplu. gave • death blow to the 
adtlvatlm at madder, the annual production of whleh 
4S ysart age wae about 500,000 tone. Synthetic Indigo 
upeet the aoeial eoonomy of whole region* in India, and 
made available (or mMag food gnat tracts of land More 
devoted to the cultivation of natural indigo. Then 
triumph* of organic ohamUtry unquestionably reacted 
throughout the entire range of Oennan industry and did 
much to eonvert the nation to the cult of Ktenoe upon 
width it* extraordinary ofltoeney in material affair* 
la baaed. Thcee ocnsldoratloni, ooupied with the in- 
duatrial miracle of the gone** of the rainbow from eo 
unpmniilng a material m coal tar, enablo the cool-tax 
color Industry to make a peculiarly powerful appeal to 
the Imagination. We would be juitiy proud had wo 
developed it ounelvee. 

We have in a aenae bad a ooal-lar color induitry in 
thia country for 80 yean but It haa failed to toko deep 
root or flourish even under the protection of a 30 per cent 
tariff, and during the very period when the German 
induitry, under the far greater lUmulua of organized 
and panda lent research, achieved it* greatest technical 
and commercial triumph*. Them are to-day four plant* 
In the country and they make porbapa 16 per cent of the 
total American noiwumption but confine themselves to 
lutt than 100 product*. They hold out no promise of 
extension increase in production without Government 
a ssistance to the extent of a HO per cent ad mlortm duty 
pin* 714 cents per pound specific anil an effective anti¬ 
dumping clause. In this connection it inight is) |Minted 
out that from 1880 to 1883 the ad nalmtm duly was 35 
per ecnl with 60 cents spuoiAe. The present duly is 30 
I Hr cent on colors and 10 per cent on intermediates, with 
synthotio indigo and alizarine color* rrau. Under it, 
probably not more than 17 of the 012 German dyos 
am completely fabricated in this country; the remaining 
83 of tho 100 types claimed a* American product* are 
merely dovolopod or “amemhlcd" hero Trom intermed¬ 
iate* obtained from Germany. Were our own manu¬ 
facturers to secure llui entire American business it would 
amount to only about 810,000,000 annually—a littlo 
more than tho value of the candy sold by tho Woolwortb 
stores. 

Blnee live United Htales now produces I25^WU^I00 
gallons of ooal tar annually it may hero Is, |siinled out 
Dial the country already ihwwwwis a <«ial-lar industry 
a* distinguished from a oual-tar color and explosives 


industry, and that the coal-tar Industry a* such lias boon 
developed h«e to an extent unthought of in Germany. 
An avutage tar yiehls 70 per cent of pitch and only 0 
per oenl of materials useful to the color industry. In 
Europe the pitch is commonly used for fuel. In the 
United States upon the other band over 00 per eunt of 
the piteh i* utilized in roofing, waterproofing and road- 
making, while the nreosoto oil and naphtbaleno find other 
profitable and well known appUoatiun*. 

Thu plain underlying reason why we have Isvn unable 
during 30 years of tariff protection to ilevelop in tlus 
oountry an independent and sotf-oontained coal-tar 
color induitry while during tho same period the German* 
liavo magnifloontly wnnawlod Is to he found in the 
failure of our manufacturers and capitalist* to realise 
the ereallvn power and earning capacity of buluHtrial 
research. Tltia power and this capacity have been reeog- 
nized by Gonnany and on them as eomur-sUmes hie in- 
d us trios are based. As a result the Gorman oulur plants 
are now quite capablo of meeting tho demands of the 
whole world whon pcauo is unco restored. Why, then, 
should wo duplicate them only to plungo Into an in¬ 
dustrial warfare against the most strongly fortlHeil in¬ 
dustrial position in tho world. I*<1 us rather console 
ourselves with a few reflections anil then see bow other¬ 
wise we might s|M'i>d our mimey to our Is-lter advantage. 

The gross husinoss of the Wonlworth 5 and Ifl cent 
stores in 1013 oxcedisl tlm entire expert Imsimvw of tile 
whole Gorman cawl-lar color industry by *H.lXX),tXK>. 
Tho saliat of one mail order Iuiiihc, Soars, lloclmck & Go., 
in the same year wore far gnoilor than the tidal mil put 
of all these German color plants, ami it* last special 
dividend is alsiut twice tile amount of their total dividend 
payment in 1013. Thu Kastman Kodak Uoni|iwiiy, 
with about twice the capital of Llui largest German color 
company, the Itadisclic, anil with a Government suit 
on it* bauds, earned during 1013 not prollU of over 
$l4,0tK) l (KX) l or 23(1 jst wilt on It* profornsl stisik ami 
uvor 70 per cent on it* common, wlulo tlui Hudisehu 
wttli "tho benovnhmt and appreciative supisirt" of tho 
German govomment earned 45 per uent. In that year 
the entire Gerinan industry paid tU,(XX),IMX) in divi¬ 
dends. The Kuril Motor Company witli one slandanl- 
isisl product dues a greater annual business than oil llui 
German eohir plants with their 1.21KI pnslucts and earns 
four limes their eumbiiusl dividend while laving three 
times their wages. 


Now that our porejssitivu is adjusted let us reminder 
for a moment Mime of the things which might lie done 
with the vast eximnditure of effort, money anil research 
required to establish In this country this “ono-nalion" 
industry. 

Wo should first of all reviuw our own almost Isiunilips* 
natural resources and cnimoiolly slumld wu consider our 
gigantic and shameful wastes. They offer op|sirtunily 
for the idtimato development of a wore of industries, 
eueh of a inagniliido isiinparablo In tlm isilor industry 
of Germany, and fur the almost luiniodiutu upluuliling 
or hundreds of sina'lor eulerpriHes relatively no lists 
pnilltabln. We waste for melanin. 150,OIK),000 time of 
wotsl a year, a billion fid of natural gas a day, millions 
of tons of flax straw at every lorvcst, iintiiuolusl [suit 
deposits fnngo our entire Atlantic walemrd, Issihivc 
coke ovens flame for miles in IVuiisylvania, wasting 
precious anmioiiia mid exciting uo ctmiinoiil while the 
liurning nf a 81,UK) house would ilruw a inoli. The 
whole south is a reservoir of industrial wialth nntnppisl 
in auy proper sense. Wo have hoard tliese things so 
often that wn tail go to s)is<p while lioaring them. Wn 
need to really sense them, In get tsiforo our csmseiimsness 
a clear imneeplien or wliat limy actually mi«n in lorms 
of wastisl wiaHh and present opportunity. When we 
do this, and I here is no lit-ller time Ilian now, let ns apply 
the lessen of the German eoal-lnr color industry to these 
far greater problems and solve them liy the i-oinpclliiig 
agency of sustained, intensive research. 

'I'll lake nnn illustration only, (lie applienlion tii llie 
IiimiIht industry of the south of one tenth llie nsmareh 
energy and skill wliirh were rcquirisl to bnng the coal-tar 
chemical industries Ui tlieir pnoi-nt proud pre-eminence 
would unquestionably result in the creation of a whole 
scries of gri st interlocking iiulnst nes, cucll linin' pnifitalihi 
than that of lundicring. The south would bo in posi¬ 
tion til Honunale llie taper market of tho world, it would 
lmns|Mirt denatured aleoluil by pi|to line and tank 
stuamor, make llmusauits of tons a day iff carlsilivdrnto 
cattle fistis, reorganize ami develop along new lino* 
ami to far hotter purisisc its languisliing naval storm 
industry, mid find new opportunity at every hand. To 
do these things in one industry ns well a* many things 
as gtstd in id her Industrie* requirm generally only a lil- 
tlo faith, siisliiinrel, isiurngeous effort, and the appre¬ 
ciation liy Antonian Itnuncicrs of the laming |siwer of 


Arthur Von Auwen* 

Tllg prulilemn that confroul the astronomer differ 
from those with whleh workers In oilier department* of 
science are engngod in many lmiwrtnnt partlculnre, but 
In none more than In the magnitude nf the ditto In¬ 
volved. So groat 1* the number of I he stars, so rust, 
both in space *nd In time, tho scale of tbclr motion*, 
that In general It transcends the powers of nu Individ¬ 
ual, or even of a single observatory, lo collect, within 
the spau of a lifetime, the material* for comprehensive 
studies, or to collate and discuss them. Cooperation la 
protmbly more OBsentlnl lo progress In astronomy thnn 
In nny other science. 

The earliest example of co-operation mi a large scale 
In astronomical research wh* tho proiswlllon brought 
forward by Argelandcr aud hi* ussodutes, half a ceu- 
Inry ago, for the formation of a great catalogue of nil 
the stare to Lhe ninth raugnltude In the northern sky- 
At the meeting of the Aatronomtsehe Oesellschaft In 
1880, when, after four year* of preliminary dlaouaston, 
the project was formally initiated, tho plan of work 
ndoptud waa the one presented by I>r. Arthur Auwcre, 
a young astronomer, who, three years earlier, had been 
elected to mcnilierahlp lu the Kerlln Academy of Sci¬ 
ences to fill the place left vacant by tin death of Kncke. 
Id view of Anwere's youth -ho was then only thirty-one 
—this waa a notable recognition of bla ability. Hut 
even more significant waa the fact that to him was also 
entrusted the all-important duty of preparing tho sys¬ 
tem of fundamental star place* wMcb provided the 
foundation far the entire work. 

It la impossible, without ruunlng unduly Into techni¬ 
calities, to give an adequate idea of the diflkmlties 
attending the construction of such a fundamental *yn- 
tefn of star place*, tt must suffice to aiy that It re¬ 
quire* the bluest order of ability, a profound grasp of 
tho principles 'of ‘gravitational astronomy, a comprehen¬ 
sive knowledge "hf (Ur catalogue*, rare Judgment, and 
a mastery of detail that I* (Ire* to but few minds. 
How well qualified Atrwera waa for the responsibility 
placed upon Um 1* evident from the fact that the 
fandaznenUl xyatom he elaborated more than forty 
yean ago U adopted. In aU It* essentials, as the fonn- 
datfon of On greater part of the meat refined meridian 
drela week of the pre re nt day. 

m Muwetio* with tbs "AftroMmirebe Oeaellacbaft 
Oafalefaa" did not end with the service I hare de- 
rerihaA In addufoo, be undertook the otaemtion of 


line of the sect Inns ur “sinioH" or llie until logue, produo- 
Ing * model work. Mini wiim wniii nuide eluilrmnn of llie 
commlwdon in chargn of the entire project, n position 
lie held to Ibn dele of Ills ili<stli. .liiiiunry '-’lib, 11)15. 
Its success, therefore. Im lu large meusiire due to his 
direful planning mid wlso guidance. I sing liefnrc hi* 
death be bad lhe Katlsfaetion of seeing llie original 
catalogue completed by conirlluilIons from no lens Hum 
twelve grest olworvn lories In Kiiro|ie and America, and 
of listing the pluu extended, ngslu under his dlreeltiiu, 
well luto the Noulherii hemisphere. 

(J. V. 3. Arlliur Anwera whs born In Gtiltlngeu In 
1838 and received Ids curly cdticitltiHi In llie seliiMd* of 
hi* native city. Ilia Interest lu nslrnnoiny wiim muni- 
fested when he wn* still a mere lay, mid even before 
he received hi* doctor's degree lit Kfiulgxberg In 1862, 
he hml mnde uinny ImiKirtmit dNilrlhutinns to II Imtli 
by olworvatlnu* nnd by thonrcHcnl liivestigutiini* 111* 
dissertation fur tile doelnrntc, on the rnriiible protier 
motion of Proeyon, placed Mm at cnee In the front rnnk 
of astronomers, In this research lie struck llie keynote 
of hi* future life-work, “the tnniliucnl of nil ipieslloiiM 
concerning tho imsllloiis nnd motion* of llie store." 

'Die fundamental data u|s>u whleh nil sludlen of Die 
mechanic* of the stellar universe depend are the posl- 
tloiiH of (he store on tho celestinl sphere, tlieir nppnrent 
niolbms on 111* sphere (toehnleully. their ‘‘proper mo¬ 
tions"), tlieir rndlsl velocities, nnd their distance*. The 
first two nf these element* am derived from tin.* star 
iwtolognes based on meridian ohecrrntinn*. Ono of Ibo 
most Important of nil star mtolngnos I* Hint, bawd upon 
tho observation* of Hredley, nt nreenwleh, alsiut the 
middle of tho eighteenth century, far tiiroo ohservntimiH 
wore (ho first th*t are nt nil coni|sirehlc In sjHlem ami 
In accuracy with (hone nf nnnlcrii limes. hihI I hey were 
also sntwrior lo those of his sneiTssor* for fully Imlf a 
century. Aa the lime element I* of llie first eonse- 
queoco to tho derivation iff nlellar pro|K>r motions, 
Rowel, who to 1810 mnde Hie first reduction of (he 
Bradley obrervation*, wn* fully Justified in giving his 
work the title "Fundament* Astronomiie.” Excellent as 
Densel’a work waa, the rapid progress of astronomy In 
the next half century led to n more accurate knowledge 
of the fundamental astrouomlenl constants and to more 
re flood method* to the reduction of meridian oheervn- 
tiooa, and It also became evident that aome of bla 
uramptioa* fcapecting Bradley’s Instrument were sm>- 
atap* A D«w radoctloa waa therefore highly desirable 
and this was ndartaken by Dr. Auwen to 1889. He 


brought nil Ills skill nnd s|s>eliil knowledge lido pbiy 
nnd Himnsl no imlos lo Insure Hie iiIiiiohI iieeni'ney In 
his work. The result of the leu yellin' labor II Involved 
luis been well called n ‘‘miislenilis’e mid n nuslel." The 
.towers-Bradley entiilogile ul once Ikhuiiu- the Nlnrllng 
|s,lnt for *11 dlseiiMHloiiH of prois-r molloiis, ii isislllon II 
will prolHibly hold far nil lime. 

Ills finidnniciitol sjslem of star pliuvs, lhe Amvers- 
Bruilloy nitologiie. mill Ills oilier work In related Helds, 
will farm Anwere’s most eiulurliig nioiiiiiiicnls. bill limy 
lire far from comprising the full meusiire of Ills n'-llvl 
lies. 'Illus, lie wiis eliiilrnmn of the (ionium Cniiinils- 
slon for the delertiiliiiillon of llie solur isiralbix from 
the trnnslls of Venn* In toll nnd In 1882. lie tisik lhe 
balding |airt In pn-iHirlng the observing prograMimes, 
eoiulliclial lu laicli .venr one of Llie cx|*alll|niiH sent <ait 
by llie goveriiiiienl, nnd iNTsoimlly dlreel,si Hie elnls>- 
nilc dlseiiMslon of nil llie results—II truly iiiniiiiineiitul 
work which nils six lnw i|iinrlo volumes. 

From 1878 to 11112 Aimers held the |s>sllloii or sec¬ 
retary of Hie Sia-lloii for MHlIieniiitlcn nnd I’bysles In 
the Knynl I'riisslun Acnilemy of Srlonces I Merlin Aead- 

emy) nnd his toelful .. or Hip iimnlfald duties of 

tills olflee, logellier with Ids uuseHlsh and tireless devo¬ 
tion lo lhe lulereslH iff llie ncmleuiy, were gnilefully 
mkuowlislged by Ills rolUaigueH ill the nua-tiog of Jills- 
25th, 1012, when they celebrated Ills Jubilee the Itniclli 
iiiinlrprsary of Ills gnidiiutlou iih dis'lor of iddlosophy. 

lie founded (lie bureau of tiie "’ll lid or) or lhe Kid 
■•real Heaven*" (Giwchlehln ties k’lxsternhlinmels). 
whose object It la to collect nil of the iiierldlim olmer- 
rutluDH of Htorn hIiicc Briidlpy'a time nnd to combine 
them Into a single systematic enlalogue. lie was h 
member of Ibo lamuiilsslon ebargisl vvllli llie urgmili!* 
(Inn of lhe Aslnifdi)slml Ohservnlnry ill la>lsdiiiii, nnd 
HsslKted to tile hiiistvInIoii of Its const mol Ion mid of Its 
management lu Its early yenre. lie was also Hie llrsl 
president nf llie InleriiHlIoiial Association of Academic* 

Auwere'i coniinniHlIng position In bln chosen netoner 
was fully recognised In his own country and Ihroughnut 
Ibo world. Ill* own government gavo him the title 
Wlrkllcher Gchelmer Obor-negierungarnt. nnd nt tho 
time of hts death ho waa Kauxlcr d«<a Onions jsiiir le 
mfirlto fOr Wbneiwchnft und Kfinsto. For mure Ilian 
twenty years liefare bla death he had heeii a member 
of the seven leading National Academies of Science In 
Europe and America, a distinction lu wideb but two 
(Alter astronomers of bla generation shared Newcomb 
and Behl*parelll. 
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Convey hiding la the wood* from ■ hostile aeroplane. 


The Motor Truck in Modern Military Service 

Many Uses for Motor Vehicles. Which Have Become Indispensable in War 


la future wan tbe motor truck will be employed 
extensively for carrying auppllea from tbe railways to 
the front The railway linea la the aone of action are 
uanally deatroyed noon after the beginning of hostilities, 
and weeka are required for their restoration. ltorlng 
the flret weeka of the war It wan almoat Impossible to 
transport supplies adequately from the uninjured parts 
of the railways to the front by means of horse-drawn 
wagons, but this essential aorrlco can be performed 
very well by columns of trains, each comiweed of a mo¬ 
tor truck and a trailer. In this way horses are spared 
for other military uses, and tbclr elimination lessens 
disease among I lie troops, as experience has proved. 

The material and tactical superiority of motor trans¬ 
port la lllnatrated by the following example: A eolnmn 
of twenty motor trains, with their beads DO meters 
apart, will occupy a at retch of 1 kilometer and will 
carry 180 tons, allowing 0 tons to each motor truck 
with Its trailer. At a speed of 10 kilometers per hour 
a distance of 100 kilometers would bo traveled In .1 
day of 10 hours. Horse-drawn wagons, with a speed 
of 4 kilometers per hour, would occupy 28 to 28 hours 
In traveling 100 kilometers, allowing for the halts re¬ 
quired for feeding awl rest If each wagon carried 
one ton, 180 wagons and 860 horses would be required 
for the conveyance of 180 tone, and the column of 
wagons, with 12 meters distance between their heads, 
would be more than two kilometers long. 

Tbe motor trains contemplated In this example, com¬ 
pelled of military motor trucks and trailers of the beavl- 
est type, would merely connect the railways with the 
camps, whence the sorvteo would be extended to the 
firing line by lighter motor trains or light motor trucks 
without trailers. Such light motor trucks have already 
been adopted In all armies, especially for carrying sup¬ 
plies to cavalry detachments which, advancing far 
ahead of the main army, urgently need a rapid and 
efficient transport service, not dependent upon animal 
traction. Although these cavalry trucks can carry two 
Iona and can, when loaded, ascend steep grades on bad 
reads, they are constructed with especial reference to 
faculty of turnlug and general mobility In order to 


avoid Impeding cavalry movements, even In case of 
retreat 

The useful sees of the military motor truck la not 
limited to supplying an army with rations, fodder, weap¬ 
ons, ammunition, and other necessaries. Tbe many 
novel technical appliances of modern warfare open ad¬ 
ditional Helds of special usefulness. The newest mili¬ 
tary arm, the aeroplane corps, requires light motor 
trucks for the transportation of fuel, lubricants, tools, 
and repair materials. These trunks are similar to the 
cavalry trucks and are Ukewlae built to "go through 
thick and thin,” and to escape quickly with their freight 
In the event of danger. Motor omntbuaes of apodal 
construction are provided for carrying the helpers re¬ 
quired for the landing, housing, and salvage of aero¬ 
planes. France, which has taken tbe lead In this spe¬ 
cial field, has experimented with motor omnlbnsM de¬ 
signed for a speed of 40 kilometers (about 20 miles) per 
hour, when fully loaded and manned, and even with 
smaller vehicles, provided with pneumatic tires, and 
designed for a weed of 80 kilometers (37 miles) per 
hour. The results of these experiments are not known, 
na the operations of French military aviators are hedged 
about with the most profound secrecy. 

Alrshlra likewise need motor trucks to carry men, 
tools, fuel, and lubricants. The French are now trying 
to supply airships with gaa by means of motor trucks, 
each carrying a largo lank of compressed gas. 

The employment of thp motor truck for the trans¬ 
mission of dispatches In the field Is a subject of some 
complexity. This was the first military use of the auto¬ 
mobile, which served merely as a conveyance for the 
dispatch bearer. 

The Introduction of the motor truck ax a means of 
communication is of later date. The motor truck not 
only carries tools and materials for the telegraph, radio¬ 
telegraph, and searchlight corps, but Is used In other 
ways. One European army possesses trucks, on which 
Hold telegraph and telephone cables are colled on drama, 
which are wound np by the motor when the line la 
removed. The track may also carry a dynamo, driven 
by the motor and supplying current for a radio or 
searchlight station or for charging telegraph and trie- 
phone storage batteries, A Russian military truck baa 
Its motor mounted an a detachable put, which also 
carries a dynamo and searchlight, and which can be 
pulled or pushed, aa a hand cart, up a steep bill or 
through a wood, which tbe heavy truck could not sur¬ 
mount or traverse. A complete sending and receiving 
station for wirelcae telegraphy and telephony, Including 
a telescoping mast, may be constructed In automobile 
form. 

Another very Important branch of the motor truck 
service comprises the care and transportation of the 
wounded In the field. Rami* has recently experimented 
with automobile field hospitals, equipped wtth all 
requisite medical and surgical apparatus lnciudlnt a 
dynamo for lllumlnatloa, operating Roentgen apparatus, 
etc. These experiments appear to have bean soeceaa- 
ful, for tbe Russian government has ordered a umber 
of these vehicle* from Swttaertand. Another Bomba 
innovation la an auto mo b il e ambalaao* capable of 
carrying twelve or mors wounded men. TOa Is to he 
used for the speedy removal of woonded from the firing 
line. Id bvale te d fortified places, also, these mtllltm 
would go at night, unlightod, from battery to talfery, 
to collect tbe wounded and transport than to tta bos- . 


pltaL Similar vehicles, arranged aa omnibuses, and 
carrying thirty passengers, have been employed experi¬ 
mentally In Russia for the transportation of prisoners 
of war. 

France la Introducing Into her field postal sendee 
motor tracks having a speed of 90 kilometer* (18% 
miles) per hour. 

It lx evident that the military motor track has en¬ 
tered Into new fields of usefulness, tbe development sad 
exploitation of which will produce a oomplate revolution 
In transportation, communication, and equipment It 
Is very desirable to use the motors of these trucks for 
other purposes than propulsion. For several years the 
writer has been occupied with the development of tUa 
idea and has attentively followed the experiments la 
construction and application that have been made by 
foreign powers. It roust be stated with emphasis that 
our Eastern and Western neighbors have devoted to 
*1 axial types of military automobile an attention for 
greater than la generally known. 

Tbe Russian government, in particular, has ordered 
many vehicles of various special types during tbe last 
two years. France also exhibits great activity in this 
field. The automutilisation of an army Is now a sig¬ 
nificant Indication of the height of the war barometer. 

(Abridged from the Kricptfeehnitcht BaiUohrift.) 

Out of the chaos of conflicting and vague reports 
from the European battlefield* there arise* dear and 
pre-eminent the eulogy of the automobile and motor 
truck. Put to the test of war conditions for the first 
time since Its Invention, with the exception of Its vary 
limited uae during the last Balkan war, the gSsolln*- 
driven motorcar has more than fulfilled tbe expecta¬ 
tions of It* advocate*. It has almoat become.a tiresome 
•bromldlom” to say that tbe modem motorcar has been 
an Important foctor In tha rapid concentration and 
transportation of armies, and that bat for tha motor 
the German army could not have succeeded In advanc¬ 
ing to within twenty-mile* of Paris la the abort mmee 
of four week*. Even tbe moat canary reader of the 
daUy prere has bean given to understand that the Ger- 
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Chauffeur’* post la Belgian armored car. 





















A aat* track mod by the Gwmh m a 

The attack failed; tbe armies have been locked In nan¬ 
te* and along tbe eaatera frontier of Trance for 
nwMi+hf- But the automobile haa lort nothing of Its 
ha port* no*. It baa simply taken op other duties. 

unitary tactic* to-day may be aald to rely pre-emi¬ 
nently on the motor and lta owed. Attache reaching 
forward at tha rat* of thirty mllea a day are no novelty 
in 101& Retreats, In complete order, at a apeed of fifty 
stilts a day would hare been called lmpceeible by mill- 
taiy men twenty yeara ago- The motorcar has revolu- 
Uoptosd warfare. In Its complete destruction of all the 
Ion of oontarlaa regarding military taottea It baa proved 
an rnthleea aa the mncfa-talked-of 42-centlmeter alcge 
gun of tbe Oermana haa to the fortresses of tho past 

In tha case of Trance and Germany, tbe motorbuaos 
and lntarnrban motor passenger ooachea have proved of 
tremendous value. Germany baa an extensive system 
of p*— e mg ar coach transportation run under the Juris- 
diction' of the port office “mall coaches." More than 
JU»0 of these * tardy and capacious vehicles have been 
tranafarmed Into rnlUUry vehicles, especially for meat 
transport to the front The same moat be aald of the 
Trench buses, long lines of which may be seen at aU 
times several miles behind the bottle front 

The military authorities foresaw the great service 
that powtr wagon* In general were called upon to per¬ 
form In the event of war, and. as In all the leading 
conn trie*, they endeavored to have all the power wagon 
troche. Including the ones used with autobus body, built 
according to tha general standard regulations laid out 
hy tbs War Department In this way the truck* of tho 
autobus are In reality a typo of power wagon chassis 
which conform* to the same standard rule* aa apply to 
the larger power can. Tor emergency cues or rapid 
maneuvers, a considerable number of troops can be 
Instantly aent to a certain point of the battle either In 
aattbaa or on other kind* of power wagon, and this 
might often change tbe lasoe of events. 

Tbs popular conception of lines of Infantry In 
tr a n c h e*, Interspersed with motor convoys loeded with 
ammunition, etc* Is purs folly- Motor convoys ere miles 
and mil** In the rear of the battle line, as far beyond 
tha range of heavy artillery fire aa possible. Connec¬ 
tion with the firing Una la maintained hy telephone and 
hi motorcycle dispatch rider*. In tact, the latter are 
pceuring the automobile* hard for honors tn this field. 

On* of tha surprises of the British expeditionary 
forest baa bean tbe excellent allowing of tha Heat of 110 


s ambnlaaec- A type of ear 

Fodon steam trucks as heavy tractors. Tor alow haul¬ 
age of three and more trailers, of heavy artillery, and 
as repair wagons with complote electrical equipment, 
theae steam trucks have given lnvaluablo service. They 
are easily kept In repair and they burn email anthra¬ 
cite coal aa well a* crude oil and kerosene. 

EiCopt on the fast cars need by tbe officers, pneu¬ 
matic tires are strictly tabooed. Kren on motor ambu¬ 
lances the solid rubber tire la preferred, because of the 
Immense truublo caused by bullets or shrapnel penetrat¬ 
ing the pneumatic—usually at the most Inopportune 
moment. On some of tho British armored cars twin 
pneumatics are used on the rear wheels, but In the 
majority of cases solid tires have been mounted. Safety 
In this case Is preferred to a certain degree of comfort. 

Motor truck expert* now it tho front calculate the 
destruction of vehicles at about 00 per cent of tire total, 
figuring that not more than 40 per cent of the motor 
trucks sent to the front will ever return In condition 
to bo useful for anything else- The estimate of the 
British Is slightly higher, ro&chlug nearly 70 per cent, 
while that, of the Germans Is less than 50 per cent. Sev¬ 
eral hundred good British and more than a thousand 
French and Belgian trucks are reported to have been 
reiaired by the Germans In tho btg F. N. and Minerva 
automobile factories In Belgium. The Minerva plant, 
especially, has proven of great value to tho Invading 
army, because of Its location at Antwerp, so near the 
scenes of fighting. 

Among the special types of vehicles employed In the 
campaign are a numlier of 200 horse-powor motor plows 
which dig trenches three feet deep faster than a hun¬ 
dred men can dig them with spades. Huge steam 
tractors with regular roller wheels for smoothing roads 
are used for pulling the hoariest weights, while cater¬ 
pillar tractors, of the typo made in the United States, 
pull the heaviest siege guns. 

As was to be expected, reports from the various seats 
of war tells ns of the widespread use of Hrmored auto¬ 
mobile*. Most of tho nation* Involved have made ex¬ 
haustive experiments to determine the moat suitable of 
the type*, which range all the way from ordinary tour¬ 
ing cars the sides of which are covered with steel 
plates, to huge moving forts. The most satisfactory 
care have, naturally, proved to be those between tbe 

The sendee required diet*tee to * large extent the 
design of tbe car. In the early days of tbe wsr, tbe 
Germans made groat use of standard N. A. G. and Opel 


wed very effectively by the Belgian army. 

tonring care, to the sides of which are fastened steel 
plates of 4 millimeters thickness. No guns are mounted 
on tbo care, the occupants being armed simply with 
rlHea. Owing to the comparatively slight Increase In 
weight over ordinary touring trim, these cars poss u m 
mobility of a high order and are well snlted for scout¬ 
ing. They generally carry on each side of the dash a 
vertical rod having a knife-edge In front. Tbe object 
of this la to sever any wires which may lie stretched 
across tho road, generally at I lie height of the pilot's 
bead. 

Much heavier armored vehicles have also bam made 
use of hy tho Germ nan. Thaw ore generally trucks on 
which arc maintained 5- or 7 centimeter Knipp or 
Krhardt guns. The armor plating Is very heavy, being 
about ono half tin'll In thickness. Tlio rair wheels havo 
twin solid tires and the front disk wheels have single 
tires of the same type. 

The Belgians possess few, tt any, heavily armored 
automobiles. They plu their faith to lightly armored, 
highly mobile cars, which have proved highly success¬ 
ful. Their s|iecd and ease of manipulation enable them 
to rush to tho desired spot, make a slinrp attack, awl. 
If necessary, retire quickly. 

Ro far, little has been heard of French armored care 
In the war. It Is known, however, that tbo authorities 
imssces a number of “tmvcllug furls" manufactured by 
tiharron (formerly Charroii, Glrudut ot Voigt), and 
Schneider of Is* Ureusot. 

Bo tar as known, tho English armored automobiles 
are merely light Daimler trucks of the subsidised type. 

Referring to the lurge number or motorcars that have 
been reported to have tailed or broken down tn service, 
an English authority makes tho following comments: 

“It must be borne In mind that, so far hh the British 
forces have been concerned, tho campaign has been 
practically entirely over a country possessing good road 
systems, albeit the surfaces are not of what Iho for¬ 
eigners calla the billiard table British type. They aro 
surfaces, nevertheless, Incomparably bettor than will he 
found either In Russia or In our dominions overseas. 

“It Is satisfactory to he able to record that to date a 
very high proportion of tho vehicles that luivo fallen 
out of service with the British force* In France have 
done so for quite trifling reasons. Borne little thing has 
gone wrong. The machine being bnt one type among a 
wide variety employed, there bus been no opportunity 
to replace the small part that has tallal, therefore tbe 
vehicle has perforce had to be scrapped, I bough a part 
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weighing only a imand or two, coating pcrbsps a few 
shillings, or even a few iwiico, la the sole cause of the 
I risible. 

“Tills means that froin the iwlnt of view or the an- 
Lhorllk-H the Drat and in oat important, lesson of mechan- 
hul trnnN|iort in connection with tills war la the need 
ni nhsolulc atandardliation of typos, particularly aa 
regards interchangeability of lairta. 

"Mvery inunutnctnrrr exploits bla Individuality to the 
iitiuoal, and ncciiin to conaldcr It a crime that he ahould 
innduci 1 a hIiikIc port of any machine that could hy 
cliHin-c la- nacd In common hy u maker of any other 
\ chicle. The rceult la tlmt nut only for every make, but 


uctnally for every model, of motor vehicle pr oduced In 
tbla country and employed in such operations as tboae 
of active service conditions, yon require to have an en¬ 
tirely Independent wot of apare parti and equipment 

"From the campaigning point of view, of course, thin 
Is absolutely impracticable-, ao much so, Indeed, that it 
la the occasion of our greateat lam of motor vehicle* In 
tlio niiedltlon to date. There will be no repetition of 
thin trouble In futnre campaign#. The motor manufac¬ 
turer who will not produce something more or Icaa In 
comniim with hU follows will And liltlo or no market 
for Ills wares. 

'The causes of futluro arc, fur the moot part, eo ut¬ 


terly trlval and as eagy to avoid hot ter ear partly 
lnsutar point of vim, that theca b no sxcuee ter the 
majority of breakdowns. Of coaran, the manufacturer 
will ny on all occasion* that no machine waa ever de¬ 
afened to be abueed In inch fashion u obtain* at the 
front. The anewer is every time that U he eaenet de¬ 
sign and build to withstand such strains, other lMk can 
end da 

“In thin war Brltlsh-bullt cere have not been pat to 
any clean of work that doe* not consulate the ordinary 
end every-day conditions of service away from the big 
cities lu the United States of America and in oar over¬ 
seas dominion*." * 


The Evolution of the Elements: the Evidence of the Stars 


That the Various Chemical Elements Merge Into One Another by a Process of Evolution 

Uy John W. N. Sullivan 


It Iiiim Imt'ii reuiurki-d Unit two divergent Iciidi-ncIcM 
may lm iIIhIIiikuIhImmI in llto history of Science. On 
the one bund may lie Imcrd a synthetic process, hy 
which wo rise from n number of apparently Isolated 
I Ions to a general luw emlinuiliK tln-iii all aisl 
bestowing unity upon them. Mmii n synthesis Is ncconi- 
IiIIhImsI. for example, hy the luw of gravitation, which 
welds Into one iivmprelienslve whole such diverse |iho- 
nonicim ns Ihc elliptic orbits of the pluneta, the exist 
emu of (Ides, Hiul the duration of the tainpcralura of 
tho min. On tlie other hand, tnvcsllgstlon sometimes 
lirocccds from Dm npimrently simple to the (Simplex, of 
which we hsve s striking Instance III the klnrili- theory 
of gases, where the otmerved very simple laws govern¬ 
ing the relations of tho temperature, pressure, mid 
volume of gases. Is shown to lie due to tho very com¬ 
plex Interactions of great multitudes of very small |«r- 
lldea moving at random; an Investigation so complex 
that It necessitated tho creation of a new niathcmnllcal 
method to eopo with Its dimeullles. Whether, on the 
whole, Hdeiico progresses toward unity or diversity Is a 
iiuostlun on which opinion may legitimately be divided. 
It nisy ho that science Is doomed to failure In Its groat 
effort to reach a comprehensive survey of Nature as one 
great unity, and that tlio material universe may ulti¬ 
mately prove to hs complex beyond tho grasp of human 
minds. Ilut, however thnt may lm. It is Inilisimtablc 
that tho recent advances in sclcuen have all been in the 
direction of a greater unity. The evolution of the dif¬ 
ferent forms of animal life Is a notion which haa long 
Is-on familiar to us, and we have now come to think 
I hat I he chcuilenl elements themselves have l«een 
oiulvcd from soma one primordial form. At present, If 
we couflno our attention to terrestrial phenomena, the 
evidence In favor of Ihls view Is not very satisfactory, 
toil If wo turn our attention to the stars, those huge 
laboratories of Nature, the case assumes a different as- 
IM*ct. It Is well known (lint the light emitted by eueli 
elieraleul element, when limited, has distinctive Hues In 
Us siieiirnra. Glowing stsllnm, for Instance, has two 
characteristic blight yellow linos in its spectrum. If, 
however, light Is )Hissed through sodium vapor, two 
dark lines, or absorption bonds, toko the place previ¬ 
ously ix-ciiplcd by the two bright lines. And this Is 
gcncnil. The nlsnndlon bands cburnctorlxlng the vnisir 
of an element correspond to Ihc bright lines emitted by 

I lie slime element when luminous. By this method, the 
iiicllnsl of Hpcclnmi aimlysls, the chemical eom|iosltloii 
of Ihe stars has been Investigated. The dark lines ob¬ 
servable in the aimetre of the atnrs tell the apoclm- 
scoplxt at once exactly what elements make up I heir 
constllilllou. Hut this Is not all. The spectrum abm 
a (Tonis evidence as to the tnsprratsre of the stare, and 

II Is the distribution of temperature and ehemtcal con¬ 
stitution which has afforded such Intensely Interesting 
conflriuatlnn of Hie theory that the various chemical 
elements merge Into one soother by a process of evolu¬ 
tion. As nn Indication of (be way In which (lie spec¬ 
trum inny give eildencc of temperature, let us consider 
the cnee of Iron In nn ordlunry Hansen flnuto Inin 
shows nothing. In Hie blow pipe tlumc Iran shows the 
dawning of u spectrum by giving h series of liands nr 
Hillings, h "(luted spectrum," as It Is called. When iron 
Is raised to the temperature of the Toltaic arc are get 
u true spectrum, and thousands of lines become visible. 
This, Incidentally, points to a very complicated struc¬ 
ture for Iron, since on tho electron theory each line 
eorresismila to n siieciflc period of vibration of the con¬ 
st ll lien! electrons if now wo take iron electrodes and 
on use h spark to |M«s between them In a vacuum, the 
Iron spectrum undergoes n remarkable change. The 
thousands of lines which previously existed disappear 
nuil ure replaced by n few much more strongly marked 
lino*, three of which are specially characteristic. Such 


lilies are culled the "onliancod" lines of Iron, mid iron 
In this condition Is Bald to furnish, not a metallic 
spectrum, hut a proln-mvlnlltc spectrum. It la evident 
that Iron has n different constitution in them esse*. It 
would seem Unit tlic thousands of lines In Ihc metnlllc 
siwtrum are dun to tho existence of n number of un¬ 
stable lntcrmodlsle forms which disappear In the higher 
energy conditions of Ihc spark spectrum, breaking up 
into a small number of more stable forms. It la, how¬ 
ever, by no means certain that Ihe higher energy of tho 
spark siwetrum corresponds to n higher temiicrmtnre. 
The tenqiernture of tbo sjsirk cannot bo messnred, ami 
It Is possible that Ihe energy which mused the Iran 
dissociation Is almost entirely electrical. This may ex¬ 
plain the fact that whllu tho spectra of certain nebulie 
would seem to Indicate h very high lomperatura, yet 
ollier things do not favor this vlow. When bertaln star 
s|iectra are examined it Is found that under energy con¬ 
ditions which ennnot at present be obtained on earth, 
eveu the apart siiectra of certain nudals dlsawioar, 
showing Hllll more complete disruption. 

Wc are now In u lswlllim to appreciate tho fact, 
isilnted out hy Lnckyor, tluit it Is in the hottest stars 
that Ihe simplest forms of matter are present, and that 
llut lncMiHleseent tssilcs of (lie universe can be classified 
on Hits basis. Tiic following rlandflcatloD was provi¬ 
sionally submitted by Luekycr In bis book on "Iiiurxanlc 
Kvolullon": 



Tho terminal Ion "Ian” In the above table Is used to 
denote an epoch or stage in the process of evolution 
much us the same termination Is used In geological 
evolution to denote the various strata: as In the words 
"Devonian” and “Slluriniu" The names for the stellar 
c|iochs are derived cither from that of a typical bright 
star which possesses at the present time a temperature 
lmllcatod by lls spectrum, or sometimes tbo name of tbo 
constellation in which the star la found. Where two 
column* uf name* of stars are given, those In tho first 
column are atari of which Ihe temperature la at present 
supposed to be Increasing, and where evolution would bo 
reversed or In Ihe direction of disintegration. The 
second column contains stars with decreasing tempera¬ 
tures, where elemental evolution toward higher atomic 
weight* la progressing. Our own sun would be placed 
lu (bis column at the level denoted by Arcturiau. 

It will be noticed that at Uw head of the list are 
slara called proto-hydrogen stars. These are the hot¬ 
test of all observed stars (they are in the constellation 
Argo), and in their spectre we meet with a series of 
lines belonging lo no known terrestrial clement, but 
standing in relation to tho kuown hydrogen lines. From 
Ihe way in which tho lines occur, they are considered to 
Indicate a form of matter which la the precursor of the 
element hydrogen. Additional support for thla view la 
obtained from the fact that there are other lines prese n t 
corresponding to the lines obtained when hydrogen la 
sparked electrically in a vacuum tub*. Lin** of bsllua 
also occur, and these of proto-magnesium and proto- 
calcium. No line* of Iron are vlilble here, even in tba 
photo-form. The beltum-gai (tart comprise theft where 
the spectral line* of bottom ere prominent, usodatad 
alwaya with hydrogen, and where, In addition, Uw 
spectral Unea of prutocertoe, oxygen, end nitrogen ere 
clearly visible. Dstccndtng lower in the scale of tein- 


pcraluro, we come to lls- proto iuutalllc stars. Ill these 
stars thu precursors of such motels as Iron, cupper, 
manganese, nickel, titanium, and calcium make their 
prominent appearance In tbo proto-metallic form. In 
Ihe metnlllc stars tile proto-spool in Isvomo dim and dls- 
Higawr and we ranch a tciupuratiiro corresponding to 
tlmt uf tho ordinary voltaic air-arc, us shown by the 
spectra of such metals as culdura, Iron, a ltd msngaucsc. 
In thu Inst clam of stnrs wo obtain Allied spectra, espe¬ 
cially uf curbon and manganese, while Uio line* of the 
metallic spectra become much fainter. 

Tlio process iff elemental evolution Is thus made 
visible to us lu lls successive stages, owing to tbo fact 
llist the vuriinis stars open lo our ohsorvatliiu are of 
different temperature* and different ages. If We could 
extend our observations over millions of years, we 
should doubtless see the hottest stars, the proto-hydro¬ 
gen stars, gradually changing their spectra as they 
evolved heavier and boavler elements, until they sank 
to loo low a temperature to be any longer visible. With 
tho evolution of the element* completed, we enter the 
region of chemical compounds and the evolution of the 
different forms of matter with which our dally llte 
renders ns familiar. Differing from chemical com¬ 
pound*, and laler In their evolution, wo have the col¬ 
loids, the roost complex of which are associated with 
tlio manifestation of life. Once llfo appears we enter 
on that steady march from the primitive protoplasmic 
forms to man, with which the biologic* 1 theory of evo¬ 
lution has rendered us familiar. Such is the tremen¬ 
dous generalisation toward which modern science is 
progressing. From energy combinations with the ether, 
producing tho fundamental unit of matter, the electron, 
we rise through an unbroken sequence to man himself. 
And there we must atop. What course evolution may 
imrsue in the futnre we can only very dimly acei Wc 
lira the last link yet ranched of a long chain, hnt what 
tho ultimate dnstlpy of man may lie, who shall any I 


Manufacture or Antiseptic* 

The following statement Is issued from the imperial 
Institute: 

"Hitherto the manufacture of Ibe well-known anti- 
acptte, thymol, has I sen practically confined to Ger¬ 
many, notwithstanding the fact that ajowgu Read*, the 
oil from which is almost the sole source of eommerelal 
thymol, *re grown on a large scale only in India, which 
has tho* been supplying Germany with the raw mate¬ 
rial of a valuable industry. No further suppUoa of 
thymol being forthcoming from Germany owing to the 
war, the price had increased almost right-fold hy 8ep- 
timber last, and is even now 21a Od. per pound, a* 
against 0*. per pound before the war. 

‘There ii every reason why the United Kingdom 
should now become the chief coaler far tba manufac¬ 


ture of thymol. The manufacturing proem It quite 
simple, and ample suppUsn of ojowsn seed are avail¬ 
able In India. Tbs Imperial Institute, which ha* de¬ 
voted attention to thla suhject, hoe now made* Inquiries 


facturcn of thymol to touch with Indian exporters of 


"Fortunately, too, a British pos a sa sto u can provide a 
rabatitate ter thymol if such b* required. Tbi* sub¬ 
stance ia osrvacrol, which la obtained from oUs derived 
from a variate of plant* but particularly from the 
origanum of Cyprus- At the laateaoa of the Imperial 
Institute this Cyprus origanum oil is already bring pro¬ 
duced lu commercial quantlttss from wfid plants in 
Cyprus, tnd in 1B1» was exported thcoeete th* United 
Kingdom to the value of «SKk It I* baUevod that tbs 
plant can b* migrated profitably and on a larp* ante 
in Cyprus, and axperimsbta la tun fibattteq enter-, 
stood to have begun-"—TAs Ante* 0s% TuUprspA. 
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Manbctart tt GmoHm by “Cnddag" Heavy 

Ob* 

Tmat light oil* <*n be produced by “meUnc'' heavy 
oUi baa ban known, and the p r oof haa been practised 
for many yean with tha object of Inowariiig the ykW 
of bunp-oilx horn erode petroleum. Mora recently the 
proaaai haa bean applied to the manufacture of gaaoUne, 
whieh-ri a much more difficult operation. "Cracking” 
qiUta up the moieeuko of tha heavy oila into dm pier 
eompounda without completely diarupticc them Into 
carbon and permanent gat, and in thia way an amount 
of krar-boiHng (notion* are produced that cannot be 
obtained by dm pic distillation. Two paper* on the lub- 
Jest wen read reoently before the Institution of Petro¬ 
leum Teohnoiogiet* by Prof. Vivian B. Lewee, F.I.C., 
and Mr. William A. Hall, respectively, The former dolt 
with the theory of "cracking” heavy oiii, and the latter, 
to whow paper we are Indebted for the following informa¬ 
tion, describes bia own and other proeeeeee from n mure 
practical standpoint 

There it no need for ui to emphadxe the importance 
of any proceea which enablee gasoline to be produced 
from heavy oila. Such oila are available In large quanti¬ 
ties and are much more easily transported than highly 
volatile products, 10 that gasoline oan be produood in any 
country. The importance of the "('lacking” process 
may aim be judged from tha fact that the Standard Oil 
Company are operating the Burton process on a male 
sufficiently large to materially affect the quantity and 
price of gasoline in this country, though their plant was 
only started on a oommorolal seals about two yean ago, 
and In spite of the fact that the spirit produced by the 
Burton proems is understood to require the addition of a 
considerable percentage of high-quality gasoline. In Mr. 
Hall’s opinion the moat nnonomical source of gasoline 
in. this country, and elsewhere, will be the gas-works 
where water-gas Is made for illuminating purposes. For 
this purpose oil It used for earburetting the gas, and, in¬ 
stead of "cracking” all the oil into permanent gas, the 
operation might be conducted so ae to yield 25 to BO per 
cent of the volume of the oil an gasoline, leaving the 
balance cither as substantially the nuno gas as would 
ordinarily be obtained, or as a liquid residue equal In 
efficiency to the gas-oil of commerce. It is thought that 
a gas-works could undertake the manufacture of gasoline 
at about one third the capital cost of a separate company, 
and could produce it for about 4 cents per gallon leea than 
it could be made in any plant used solely for the purpose. 
There would also be oonriderahlu saving in transporta¬ 
tion and ad ling costs, owing to the fact that the gas¬ 
works would bo near the point of consumption, so that 
the total cost uf the gasoline is calculated at about 10 
rents per gallon. 

There are two distinct methods of wurldng, and each 
system has numerous ramifications. One mothod la to 
cany out the “cracking” in compare lively large etiUi, 
where the operation may, or may not, be continuous, but 
there Is always a largo volume of oil subjected to a high 
temperature while moving at a low velocity. It is to 
this class that the Burton process belongs, and, according 
to Mr. Hall’s experience, tho gasoline obtained in this 
way lacks uniformity. The proems is also mid to lie 
slow, dangerous, and uneconomical. According to tlie 
other fundamental process, which is without these ob¬ 
jections, the oil is “ereoked" continuously while passing 
through heated tubes. There are, however, many 
difficulties encountered with tubes which are absent 
In the still processes. The most important of three la the 
deposition of carbon, whloh, according to Mr. Hall, can¬ 
not be avoided, ao that means must be provided fur 
removing it quickly and offieientiy. In Mr. Hall’s 
process the products issuing from the "cracking" still 
at a pr es su re of 80 to 70 pounds per square Inch and at a 
velocity of 51)00 to 8,000 feet per minute, pare into a 
ohamber of, rey, sixteen time* the diameter of the 
"cracldng” tubes. It if found that the sudden expansion 
and reduction of speed throws down about 00 pur cent 
of all the oartxm formed. The carbqn la deposited on 
abort pieeea of piping with whloh the chamber is filled, 
and whloh lire removed and cleaned as required. Although 
the bulk of the eerbon is removed In this way, some is 
deposited on the tubes of the "cracker," and this is most 
easily removed by blowing oompressed air through tho 
heated tubes, though other methods are available for 
(or Ae purpoas. 

The prooeaa Is carried out aa follows: The oil, whloh 
is supplied at a rate exceeding 70 fattens per hour and 
at a press u re of 50 to 70 pounds per square Inch, is first 
vaporised In a soil heated by waste heat from tha furnaoe, 
pad la than passed Into the "cracking’' tubes; the latter 
are 1 tneh to diameter, over 806 feet In length, and their 
tempera tare is abtat 550 deg. Ont The velocity of 
the vapor in the tubes exceeds MOO feet per minute, 
whisk la ton great tor anah daporit to ba formed; but, 
at tha ncm time, the "craaking ,> which ooenrs la not very 
SKtoririre,** 0“ T *P°r paeees through the tubes In 
afeMl* seconds. The vapors Mag tram the "stack¬ 



ing" tubes pass Into a vertical pipe, 13 Inches or more in 
diameter and about 12 feet high, entering it through a 
very confined apace, which acta as a throttle, and pre¬ 
ferably impinging against a baffle, so that the velocity 
It reduced very materially. This converts the kinetic 
energy of the gases Into heat, and the temperature rises 
about 30 deg. Cent., though the pressure falls to approxi¬ 
mately that of the atmosphere, in this pipe a largo 
amount of "cracldng" take* place srithuut tho applica¬ 
tion uf extraneous heat. By this method the lntorior 
of the man ia hotter than the wall of tho container, and 
as all the vapors are pasting upwards to a cooler part, 
looal superheating la prevented; no liquid condensate 
has ever been oollooted from this chamlx*. Tho vapors 
next pass through dephiegmators, which separate all 
fractions boiling below the ohosen point of out, and tho 
vapors and gaaea passing on are conducted, without 
farther condensation, Into a mochanical oompretwur 
working at TO to 100 pounds per square inch, and then 
condensed through a cooler at that pressure. Tho «im- 
pressor fulfils Ae double purpose of drawing tho vapors 
through the secondary "cracldng” chamber and the 
dephiegmators, and of chemically attaching to the con¬ 
densable liquids gases which would otherwise be per¬ 
manent. After muoh experiment Mr. Hall has abandoned 
the use of water with the oil, and of catalising agents, 
such aa nickel, as he found no advantage from cither. 
Tho maintenance of thn exact tum|ieratiire requisite 
for tlie particular oil under treatment was, however, 
found to be of the utmost importance; a change of only 
a few degrees made enormous differences in tho quality 
of the products and in the production of gas. 

Crude "cracked" gasoline Is of a yellow color, and has 
a peculiar vanilsh-iiko odor, due to tho presence of 
resinous carbon colloids. Most of tho latter, but not 
all of them, rerido In the coloring matter, and, when the 
gasoline Is refined to water whiteness, tho disagreeable 
odor disappears, but it will frequently return on ageing, 
though the gasoline may remain water-white. When 
such a gasoline is kept for some timo in nontaet with air, 
a resinous red varnish deposit is formed on tho bottom 
of Ao vessel, though If evaporated over a wator-luUli 
such a de|tosit may not apficar. A gasoline with this 
property would eventually clog Ao valves of any engine 
in which it might be used. Although Ais varnish.form¬ 
ing product is a result of tho "enioking" process, it is not 
inherent to all "cracked” spirit. It ia a product of high 
tempera time, and “oraeking” can he donu at tempera¬ 
tures so low that the product dues mil form to any extent. 
At the same timo, if the temperature is reduced suffi¬ 
ciently to prevent tho formation of resinous products, the 
yield of spirit may bo too small for profitable working. 
One w»y of getting over tlie difficulty is to mix some 
fully saturated gasoline with the "cracked” gasoline, 
but this method haa obvious objections. Mr. Hall's 
method is to work at a temperature sufflHontly low to bo 
comparatively free from the trouble, and without regard 
to any large conversion in Urn heated tubes, and then to 
oomblns the gaaea with the oondonsablo va|sir by tlie 
compressor, aa alwve mentioned. 

The motor fuel produnod in this way is claimed to 
be entirely free from any objectionable odor in Ao liquid 
state, and to givo an exhaust aa free from smell aa that 
from ordinary gmaoUno. We understand that such gaso¬ 
line has been need for thousands of mllis in many dif¬ 
ferent motor care without any troublo from the sooting 
of plugs or carbonising of cylinders. There is said to ho 
no more tendency to a smoky uxliauat than there ia with 
gasoline, provided a sufficient quantity of air is supplied 
to produce the best oxpiusivi) mixture Almost any 
"oraokod" gasoline will givo more mileage than gasoline, 
from L5 to 20 per oonl increase having boon obtained in 
uxtentivo bench and read tests inado by Mr. Ilall. 
Knginos run on "cracked" gasolino arc also said to ho 
free from knocking due to pre-ignition to an even greater 
extent than lx tho case with lienxol. It is thought tliat, 
as oompared with gasoline, the “cracked” gasolino burns 
more slowly and Ignites more rapidly, and this is Ao 
explanation offered to account Tor Ae phenomenon. 

Temperature Coefficient of Magnetic Permeability 
WlAin Ae Working Range 

Tux developments of methods and apparatus Cor mag¬ 
netic measurement* capable of an n cm racy of 1 per 
cent nukes it riwossary to consider factors which bare 
heretofore been considered negligible. 

Many workers have studied the effects of temperature 
on Ae magnetic permeability of Iron and steel. All of 
the Investigations, however, bxve been carried on with 
special reference to tempera lures Ur removed from the 
atmospheric range. However, a few others have rnndo 
some observation* at temperatures between 0 and 100 
deg. Cent, which show tbst Induction curves at two 
different temper*tore* in this region cross each other. 
For low Inductions the magnetising force necessary to 
produce a certain Induction decreases with Increase in 
temperature while for high Inductions It 1 acres sox 

Tbs materials examined by these Investigators in- 


clndc soft Iron, mild steel, hard stool, electrolytic Iron, 
and uickcl. Kwlng* states Aat “tho effects with atmos¬ 
pheric flocluntloiw of temperature exert upon Ao mag¬ 
netic ipmllty are too slight to require to be taken account 
of In specifying magnetic priqiertle* of a sample, or in 
stating I lie results of cx|s>rtmcutx. n He gives curves 
fur aimcHlIng Iron wire nml nlno for the same wire 
hardened liy stretching licyond the elastic limit. Tho 
temperatures were T or 8 degrees and 100 degrees. The 
datu show tbnt for a given Induction changes tt* high a* 

O. 14 |wr cent |ier degree in permeability may occur. 

Ill magnetic iiipahii remolds ut the Hurcnu of Stand 

urds It Ims been found that for raugnctlxliig foreca ls*- 
twecu 100 and .TOO gausses tho heating duo A the cur¬ 
rent In the magiictixlng colls Is Hufllclciit to change 
quite appreciably the Induction correal winding to a given 
magnetising force. For this reason It has been tlie 
practice, when making meiiKiirements where nn accu¬ 
racy of 1 1 st cent Is desired, to immerse the niHgnrllx- 
lng colls In oil, which Is mnlntulncd at a standard lem- 
IHTalure of ill degrees. The present work was under¬ 
taken to determine what the magnitude of tills tem- 
jKTHture effect Is mid whether It Is feasible to apply H 
correction for Hie reduction to n standard temperature 
of data taken at other temperatures. 

Magnetic muiHiiremeiils at different tcinprmliin-s 
within tlie atmospheric range have liccii made on a 
manlier of nuilerliils with different heal IreiilineiilN 
The results uf these measurements lire of such a nature 
Hint the following eonrliiHhins scorn to Is- warranted: 

1. The trmiHTulurc coefficient of magnetic ]STiaealill 
tty, though small, cannot lie neglected In magnetic 
measurement* of high accuracy. 

2. tin account of the wide variation In Idols'rature 
coefficient, not only Tor different malerials. hut also for 
the same mnlcrlnl with different hint trentmcnls, cor¬ 
rection lannnt bo made lo standard temperature from 
daln obtained from oilier materials. 

,1. I ideas tin* tein|»Talure coefficient Is known for the 
iwrticnlnr mnlcrlnl under test, temperature control of¬ 
fers tlie only menus ef avoiding the error fine to tem- 
INTnlure (-linages, al least where errors as grenl as I 
|*>r cent are to bo avoided, Condi (Inn* often arise In 
praellce where Ae teni|STilliire of n specimen may he 
raised from 10 degrees to 20 itegrecs above Ae tem- 
INTMtnrc of IIia room, dim either to a comparatively 
heavy current or to Ihp jme of colls already bested from 
n previous test. Since temlieratarc coefficients may Is¬ 
os grout AH 0.3 per cent per degree, errors amounting to 
2 tier cent nr more nmy exist. 

Those eoiH-lusloiia hold In general, even though there 
may Is- malerials which have very small or even sera 
tein|iernliire coefficients. 

(Enrrrflpnniittirr 

I The editors ore not responsible lor statements mate 
in the eorretpondenee column. Anonymout commune 
rationi cannot be considered, but the names of come 
spnndeafs mill be withheld when so desired.] 

To tho Editor of the SciiUTiric Amesioak Hittpixmist : 

tin page fid nf the Scientikio AiiEBirAif RurPLEUiUT, 
No. 2031), for January 30th, IP IT,, there la an nhstrart. 
of an article published In tho London Times on "Oil 
Fillers." In the tenth, eleventh, and twelfth lines you 
sin to that Ihp water must not exceed 0.001 per cent In 
oil In order lo obtain a dielectric strength of 40,01*1 
volts In the standard teat (0.1 Inch Is-twccn disks I Inch 
In diameter). 

This, I believe, yen will find Is nil error elthpr In tin- 
dielectric strength nr else In llie standard lest. If the 
dielectric strength Is 40,01 K) veils for 0.001 |wt cent 
moisture tho standard test Is n 0.2-lm-h gap between 

P. Mik-)i disks. But If the 0.1 lneh pip ls-twccn 1 Inch 
disks Is the standard test, Ae dleleclrle strengtii for 
0.001 |w-r cent moisture will he 20,000 volts. 

Fittsflold, Mass. M. E. Tkkski.er. 

To Ab Editor of the ScncN-rmc Americas Si iti.kment: 

T was much Interested In the two calendars which 
you recently isihllshed. I have bci-n working on run- 
myself, developing one which was published In I he Si p 
pi.emt.wt about thirty ymvs ago. 1 have used sliinilnrd 
tables taken from i'iicyelo|sallns, mid kmuv that it Is 
absolutely correct. I have testei] It whenever I mine 
across any old dales and have proved II to Is- Hi-niralc. 
I find several errors in the comimrnllvo lalile of the two 
cnlendara and also misprints. 

October 11th, 1402, In evidently Intended to be Octo¬ 
ber 12th—a historical date whteh occurred on Friday. 

January 10th, 372, was on Wednesday, not Tuesday. 

January 10th, 072, Monday, not Sunday. 

January 10th. 072, Thnraday, not Wednesday. 

Kept ember 2nd, 1752, old style la correct. 

September 14th. 1752, should he new style. 

Brookline, Maas. Wii.i.iam S n .sn.nitE. 

1 Mugnrtlc Isdocttoa la Iron and Other Mettle, p. ITS. third 
edition, ffsfleMa of Burma •/ Slant aria, by a. L. laaford. 
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The Evolution of the Etrich “Taube”* 

How a Seed-pod Was Developed Into An Aeroplane 


Tub evolution of the Etrich “Taube" monoplane, a 
ty|in upon which no many different makce of German 
machine* are boned, ia not only of ipeoial Interest juat 
now on aooount of the prominence of the “Taube” in 
the daily event* of the present war, but ie in ttacdf a 
particularly Interesting (uhject from the hiatorical point 
of view. “Taube," as no doubt, most road era know, ia 
simply the Gorman for dove, and, a« will be aeon later, 
tho different type* of Etrich machines are designated by 
tho name* of various birds, owing to the fact that the 
planes are wing-shaped. Aa a matter of fact, this design 
docs not derive Its origin from the bird, but from the 
seod-leaf of the Zanonia palm, which possesses remark¬ 
able gliding properties when dried. From the sketch 
of this leaf (a), Fig. 1, It wlU be esen that the seed-pod 
has boon provided by Nature with a perfect gilding 
mechanism in the shapo of a oroeoent-shaped leaf. When 
the leaf dries tho extremities curl both laterally and 
longitudinally, with the result that when the seed is 
ripe and falls from the tree. It makes a long stable gUdo 
to the ground. This feet wee noted in a brochure writ¬ 
ten by Prof. Ahlborn, end It waa this which first at¬ 
tracted tho attention of Herr Igo Etrich, an Austrian, 
whose father, llorr Ignax Etrich, had started in 1808 to 


Fig, 2. It will be' seen that the planes still folk)wad 
very closely the Zanonia leaf, but in ord« to effect better 
directional control a email elevator waa fitted in front 
does up to the leading edge, while it waa also poariblo 
to Hex the wing tip*. The engine was mounted below 
the plane in the under-carriage frame, and driven by 
means of a ohain a crude form of variable-pitoh pro¬ 
peller located slightly below, and almost In tho canter of 
the plane, a portion of the latter being out away so as to 
dear the propeller. The pilot waa seated In much tbs 
same position as on the glider, and controlled the elevator 
by means of the pedal, the wing tips and the pitch of the 
propeller blades being operated by hand wheels. The 
under-carriage consisted of two solidly-built skids, and a 
pair of running wheels, supporting the plane about 1 
meter above it by bamboo struts. This machine had a 
span of about 10 meters, and an overall length of 6.4 

had originally Intended fitting a GO horso-power engine, 
but Wols favored one of smaller hono-power, and per¬ 
suaded him to fit the 24 hono-power engine. The 
ultimate trials, however, proved that tills was by no 
moans ■ powerful enough englno, and onoo again they 
failed to obtain extended flights. It is true that one or 




carry on the work of Otto lilienthal, having bought the 
original gliders af that pionuar. A thorough study of the 
Zanonia leaf proved to be no easy matter owing to the 
difficulty first of obtaining s p eci men * and then of observ¬ 
ing the curve* assumed by the leaf when gliding. How¬ 
ever, a number of paper model* ware made, and the 
result* oonvinnnd Herr Etrieh that in a machine 
constructed on those linos would bo found the solution 
of the problem of m al tin g a flying machine automatically 
stable. 

In conjunction with Frani Weis, he sot to work, and a 
largo glider, 12 motor span and weighing 20 kilogrammes, 
waa built In 1004, the framework bang bamboo. With 
a load of 26 kilogrammes, several hundred very suooesff ul 
glides were made, the apparatus showing a marked 
degree of stability. The sueoess of those experiment* 
Induced Etrieh and Wols to go a step further and en¬ 
deavor to obtain prolonged horiinntal flight*. To this 
ond they constructed another model, to whioh thoy 
llttod a 3H.horao-powur laurin and Kloment motor 
cyulo ongino. This machine had two sU-liko skids, and 
s-as tested over snow, but the experiments met with 
little suoooes, the machine novor leaving tho ground, 
owing, no doubt, to insufficient power and tho Incorrect 
location of line of thrust. The next move was to construct 
the large man-carrying glider (6) Fig. 1, and this was com¬ 
pleted in 1000. It had an area of 36 equate meters, with 
a span of aliout 12 meters, and weighed, light, 104 idio- 
grammea. It was built up in three sections, the central 
section being supinrtod on a skid under-cairiago. In the 
center, nosr tho leading odgo, an opening was cut in tho 
plane for tho pilot, who stood upright and held on to tho 
cross beam lu front of him. By swaying his body ho 
could, to a certain extent, correct any rolling or pitching 
of tho glider, cauiod by wind gusts, eto., but there was 
no other means of oontrol. With 7U kilogrammes sand 
ballast numerous successful glides were made, tome about 
300 meters in length, while equally encouraging glides 
wore effected with Wols on board. On October 2d, 1006, 
three flight* of 160, 180 and 226 meters In length re- 
•l>eclivoly were accomplished, the average height being 
about 10 meters. Four more glides were made on Ooto- 
lter 8th. All these glide* were started by running the 
glider on a small truck down an Inollne of 28 per cent, the 
glider “taking the air” when a certain speed waa readied. 
When gliding the speed attained was from 13 to 18 meters 
par socond, while thf gliding angle was 7 or 8 degrees. 

The experiments of Santos Dumont prompted Btriob 
to try onoo more power-driven flights, this time on a 
larger male, so a 24 hone-power Antoinette paging waa 
obtained and Installed in the glider as shown In (a) 


two hops were made, but these. It must be owned, were 
due to sudden wind gusts. However, they oontinued 
experimenting along these lines, making various altera¬ 
tions In design. For Instance, the seoond trials. In 1908, 
were made with a tractor machine (6) Fig. 2. The Zano- 
nla-form plane remained much the same, and the 24 
horse-power Antoinette engine was still employed, but 
the whole machine was considerably lighter. The 
engine was mounted forward under the plane, and drove 
a tractor screw direct, while tho pilot sat behind the 
engine, also under the plane. Tho undercarriage con¬ 
sisted of a single framework to whioh was sprung, by 




moans of full elliptic springs, a pair of running wheels. 
Behind the latter were two skids whioh prevented the 
machine from tilting over backwardi. Although in some 
respects a distinct improvement on the previous model, 
tills machine also was a failure, and did not appear to 
possess tho stability of the original gilder, while the 
advisability of fitting an elevator waa also demonstrated. 
It was not until the next year, 1900, that Etrieh, working 
on his own aooount—Weis having left him—achieved 
any Datable s uoeem . making short flights on the old 
Wols-Etrioh machine. He had made several altera¬ 
tions to this maohine, (e) Fig. 2, notably the fitting of a 



front elevator, a rear vertical rodder, and a propeller 
mounted Immediately behind the traUag edge. He *1*0 
subsequently fitted an Aasaal engine la plate of the 
Antoinette. The flxet flight on title old maeUna vat 
made on Jnly 20th, when a dtstasee of nearly 100 meters 
was flown, after whioh several other “hope" were aeeqm 
ptlihed from time to time until H "dirtntegratod” la 
September, the seme year. In the meanwhile, ItrUi 
waa engaged In tbs eoastroetion of an improved type of 
machine on the Zanonia principle, far although he had 
mad* the old machine fly there waa a marked look of the 
stability experienced with the (Ildar. He waa, however, 
convinced he waa working in the right direction, and Me 
n*w machine, completed in the summer of 1909, bote out 
hi* conviction* daring its ultimate trials. Etrich I, 
"Sperling” or “Sparrow,” (a) Fig. 8, embodied in a made 
way the main characteristies of tbs present-day “Taube” 
—tractor screw, engine mounted right fat tree*, modified 
Zanonia-fonn wings, and alevatorerudder-taitplaaea 
mounted on a /«*slaps extending rearwards bom the 
wings. The latter were not so crescent-shaped aa those 
on the previous types, the leading edge being straight 
for more than on* third the span, the wing tips swept 
back and only sUghtiy up-turned. They were built up 
In three Motions, and had a total area of SO square meters, 
the angle of the inoldenoe being 8 degress. 

Tbs tall consisted of along narrow surface extending 
from the wings and branching Into a fork at the rear, 
forming two rectangular surfaces. Thsse aotsd aa 
elevators, and ware peouHar in that they ware up-turned. 
In between the elevators waa a vertical fan-shaped 
warping rudder. The whole of the tall waa carried by a 
girder stroeture emulating of two longitudinals, one 
above the other. In its original form the andar-carriage 
waa a etumsy affair, ss shown, but later a morn efficient 
type waa fitted, somewhat similar to that of the Blflrlot, 
The engine, a 63 horse-power wa t e r -p o oled CWgst, was 
mounted in the front of the rather wide body frame, with 
the radiators on either side. Behind the engine rat the 
pilot. On this maohine Etrieh put up several siimisaefnl 
flight*—reel flights tide time—ranging bom 300 meton 
to 4H kilometers in length at a speed of about 70 Mo- 
meters per hour. Ho found it very stable, and on several 
occasions flew without operating the control. 

From the experience obtained with tid^jdaeUne Etrich, 
during the latter part of 1000, got out the derign of a 
seoond maohine, Etrieh II, the "Taube” or “Dove.” 
(6) Fig- 3. whioh was the firat of numerous subsequent 
“Tauten” that differed but little bom the Etrich II. 
Illustrations of various Etrieh monoplanes that have 
appeared In FKjJW bom time to time, 1 show how the 
design remained practically the tame throughout, the 
only difference being in dimensions and eoaetnetional 
details. Etrieh II had a span of 14 meters, e supporting 
surface of 32 square meter*, and an overall length of 
10 meters. The wings had a somewhat different shop* 
to the pndeoeeson, the leading edge being straight to* 
nearly the whole span, and only the extremities swept 
book and up-turnad. They were in two eeetiona, one 
mounted on either aide of a oovered-in body, in the 
orthodox style, and eable braced from a oentral A mart 
on the body. Subsequently a girder nndaretruetum, 
extending from the body under the wings, was em¬ 
ployed as an additional bracing, whioh formed a feature 
of nearly all Etrieh machine until quite recently. The 
tail oonelited of a borisontal fan-shaped surface, mounted 
on the top of the body, with a flexible traOing edge 
acting as an elevator. Above and below tide were two 
diamond-shaped vertical surfaces, whioh acted as fins 
and redden. The engine, a 60 home power Ojcrget, was 
mounted in the sore of the body, and drove a’traetar 
screw direct, while the pilot *ai in a eoekpit behind. The 
original undsr-earriaga was of the BUriot type, with a 

1 Vol. Ii. p 377; VoL in, PP. sea sod *731 YeLT. Ik 1137; 
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tttefttt. A toga number o( important 


of 1000-whh tto remit Oft* amnl m eonatroete 
The Mott maohim to to built 0a U10), however, w 


tody and tto landtag earrtage Ttofonnar t«mln*tec 
jut toUnd (to wind. which tod a rtmiiar pWora * 
■Uriah H t whare tto tail eoamneoeed—* rimilar practior 
to that foOowed Just reoa&tly by Tcddnr on hi* mono¬ 
plane* Tto wing* ww faraoed to a oaatnl A max and 
l?y h>» king potto, a wheat being fitted to tto lower ax- 
tramitto of *ach outer king port, Tto undar-oarrtage 
«msletedotarii*Woeatnlakid behind wMeh waa aptung 
» vhtoL Tto anghm, » 00 b o m p owe* (Serget, wa* 
mounted in tto now of tto body, and tto pilot mt be- 
Mod This machine tod a ipe of 15 notm, a support¬ 
ing am of S3 ninara meters and a length of 10 motor* 
lta total uraght, reedy for the an- bang 460 kflogrunme* 
I* tod a qmd of 80 kfloaetar* par hour 
Another experimental maohina wa* tto Sohwalbe or 
' Bwallow ’ (fc) Fig 4 built in 1013 Tto wtnga of this 
iwtoAipd mn Almost trua w s m n tshi pA fo* landing 
edge being curved from tip to tip They ware aat at a 
dihedral angle and upturned at tto Upa, and tto right- 
hand wing had a aznah window formed m it oioee to tto 


tody Tto Basing aievatar-taQ waa rwaUow-atope and 
had tto usual two diamond-lb apod rudder-flu* above and 
below it Tto tody, oreular in melton waa built up of 
tubular atari longitudinal* and wooden ring* tto whole 
being covered with fabric In the noae of tto body waa 
the 00 tone-power engine with the radiator immediately 
behind it Behind this were three *oata one behind 
tto other, tto last being Ota pilot i Ito oontrol oon 
dated of a vertical column and wheel a backward* and 
forwards movement of tto former operating tto elevator, 
and a rotating of the Utter actuating the rudder* no 
wing warping was employed tto flexibility of tto wugf 
alone being relied upon to maintain lateral stability 
The chassis oondated of a central skid connected to 
tto body by three pain of V strata, and a sprung axle 
carrying a pair of wheel* Tto Swallow which waa 
constructed moatly of *tcel had a span of 13 26 meter* 
an overall length of 8 7 me ten weighed 45 kilogramme* 
and had a speed of 112 kilometer* per hour with three 
np Another machine («) Tig 4 was a totally molow d 
mihlary monopUne buflt in 1013 The wing* were of 
orthodox Etnch form cable braced top and bottom 
having a span of 12 me ten The flab ihapod body waa 
built up of wooden channel aootion longitudinal* and 

nose to ju*t behind the wing* and with fab no for the 
remainder Tto wing* w«co attached to tto body 


high up and tto side* of tto body underneath wen out 
•o aa to form window* Inside tto body were four seats 
two pair* in tandem the pilot being at tto rear The 
windows were of wire gause and eeiluknd A 00 hone- 
power Austro-Daimkr engine waa mounted high up in 
the noao of the body Tto under-carnage oon cited of a 
tubular axle and pair of wheels connected to the body 
by four tubular iteci struts later thui machine waa 
altered the aeata were placed higher up »o that the pilot 
and passenger protruded above the body while an addi¬ 
tion*! wheel waa mounted under tto nose Neither of 
them two maohmos showed to any particular advantage 
and did not therefore form an important part of the 
Etneb programme Fig 5 shows tto latest form of 
Etrlch monoplane The wings arc of a modified Finch 
form with the tips only slightly swept back and up 
turned They are cable-l>raced in tto orthodox mono¬ 
plane stylo The tail u of the hinged elevator t) pe with 
a partially balanteil rudder and verlital fin above it 
Tto body somewhat resembles that of the Morau 
Kaulmor the pilot and paasengt r b< mg similarly watc I 
Tto engine u an 80 horse-power Gnome mounted in the 
noae of the body undir a metal towl The under 
carnage consists of a central abort akid connected to the 
body by two pairs of V strut* and a divul, d axle carrying 
a pair of wheels 1 to outer ends of the axli are connected 
to the body by two shook absorbing rod* 



An Heetric-Stcun Wrecking Crane 

-tor rtttor amam 

It for oat la and 
It U adapted for ordl 
* tunnel as wall m tto * 


tto crans la operated by electricity this piping revolve* 
with tto crane Both the steam engine and the olec 
trie motor meet equally well all operating requirements 
For electric operation there Is provided a motor 
wound for 000 volts direct current and having a tapai 
Ity varying from 200 horse-power for a abort period to 
115 horse-power for on* hour s continuous service This 
motor will operate oe fluctuation* of line voltage rang 
Inf from 000 to 700 volts Tto controller la of the si net 
railway type with oast grid resistance Current la 
taken from tto third rail ahoea through a collector ring 
and Is delivered to a switchboard that la furelated with 
all nacemary switches for operating the electric air com 
pressor, cable real third rail ahoea lights, etc 
An Interesting Pasture l* the automatic cablo reel for 
paying out and reeling In tto main power cable This 
red baa capacity for BOO feat of Insulated power cable 
It is operated by a motor and tto automatic control is 
obtained by tto acdoo of tto motor alone without tto 
um of any lotarmadlat* or external n 


ill timaa tto crans is in service and taking cur 
branch tto aaUo, so that practically constant 
is exerted by tto motor with ooueequently prao- 
oamtMt PQU on tto cabfe Any change In tto 
paD <m (to eahia, aneh aa would to produced by tto 



lu the drain 1 1 laying out ir ruling In of Ibe cable 
1 he motor In capable of Hiandlng Htallcd c ntluu wnIj 
without dangir to Its | arte from oicrbeatlnj. 

The motions of hilsllni, with either the main or mv 
Diary hoist varying the boim radius an I nliwiag are 
Independent of each other and with loads np to tin 
limit of lta power thiat motions can be performed 
simultaneously With lta maximum load if 120 tons 
the crane Is capable of slewing at the rale < f a u ni 
I Into revolutl m In our min itc If d ctnod of safe sliced 
The boom may be raised or lowered under full lead 
There Is provided a aimlal drag or pulling line nn 
nettlon attached to the underside of Ibe boom When 
aUf propelled by either steam or elmtriclty the crane 
has a ipeed of about four mile* an hour but It may be 
safely hauled at a speed at (III miles an hoar 
The maximum radius of I ho main block Is JS feet and 
the minimum la 10 feet Capacities of the irane are 
aa follow* With outriggers in position—Main hoist 
.40 000 pound* at IT feet radius main hoist 100000 
pound* at 20 feet radius With end outrigger* only— 
Main hoist 140000 pounds at 16 feet radius auxiliary 
hoist, 30 OUO pound* at 20 feet radius. With outrigger* 
—Main hoist at right angles 44 000 pounds at 10 feet 
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The Formation of Ozone in the Upper Atmosphere—I* 

And Its Influence on the Optical Properties of the Sky 

By J. N. Pring, D.St\, University, Manchester 


The importance of the question of tlui preoeuce of 
uruuu lu the ulr Lh due to the lurite lullueucu which 
would lie exerted hy Itx occurrence, though ouly hi 
miiiiII uiuuuulx, oil the pliyalcul uiul chemical properties 
■if the atmosphere. From Lhu ehumlcal slauilpulul thu 
Importance of mono craters lu Its powerful oxidising 
proper Him, lu virtue of whlcli the gua, even wlicu di¬ 
luted, quickly reucU witli ull urgaulc matter, aud acta 
ua u Htroiig laiclerlclde. lu thla way oeoiio would be 
exiaa-ted to take au Uupurtum pert lu the publication 
or the uliuoriphere uud lu deleruilulug I lie aaluhrlty of 
I he olliuute. From u phyuleul atuudpulut, lla presence 
la mainly of Intercat on account of the lnduouce It 
would exert on Ihe iruuamlaalon uf light raUUitwl from 
I ho auti. The iihaorptloii of light liy uaoiie lu isirtlcu- 
lurly iiiurkiil In (lie ullm-vlolct region of the apcctnnn. 
It him Indeed been found hy phuto-oleclrlc nieiisnrc- 
UHHila tli il 111 u column uf gua Id eeullmutera long, a 
quantity uf oxuihi umounLlng to only o.uol per cent can 
he detected hy meuanrlug the luteiwlty uf light truna- 
mltted. The purtlculur wave length for which tiila ub- 
oorpUuu la a maximum baa the value of 268 ax, whllo 
the hand extemla from about 200 to 30U pp. Theae 
vuluew attain an Important algulUcauce when It la cou- 
alilured (hat the eolur spectrum ceuaea auddenly at 
illtl ms Indicating lhu prohuhlllly that light of ahurler 
wave-length la ahaurbud lu the almuaphure. Aa the ab- 
aorptluii of Ugbt by oxygen la not appreciable fur wave- 
lengtba greater thuu 2U0 pp, the above phenomeuon 
given evidence uf Ihe preaeuee of ozuue lu the higher 
aluiuaphera. Ill addition to thla behavior of mono with 
reaiwct to ultra-violet light, apectruaeuplc meaaureruonta 
allow that this gua given two well-duUned banda In tbo 
red part of the spuctrum. It la on account of thla laat 
aheorptlou that tho gaa pussanmi a marked blue color 
by trauamltted light 

The view haa several times been put forward by 
chemists that oiouu lu prusuul In the upper atmouphero 
lu sutUclcDtly large aiuuuuta lo account fur the normal 
blue color of tho sky. Thla Idee haa not up lu tho pres¬ 
ent lime been at all generally accepted, hut ou tbe con¬ 
trary, lu nearly all physical researches ou tho optical 
properties of tho atmosphere the presence of oxoue has 
been Ignored. This omission haa arisen ou account of 
Ihe absence, until recently, of any dellnlte quantitative 
aieaauremeats of the amount of thla gaa lu the ulr, and 
more especially on account of the larger developments 
of the purely physical theories which, ou quite other 
lilies, have established some of llw main factors which 
dclenulue the nature of sky light. 

(.lu thla physical basis It has been demonstrated by 
Tyudall, and deduced from dyuamlcal principles by 
llnylrlgh, Unit one factor which cuulrlbulea to thbi 
color la the presence ot ultra-mleroscoptc particles of 
dual, which are present throughout the aUnos[ihere, and 
(H-ohnlily or meleoric aud voleaulc origin. These parti¬ 
cles, when the. aarnu order uf magnitude ss the wuve- 
Icnglh of lh« light, exert u selective lulluence ou tho 
light, causing tho short waves which compoeo the blue 
light to lie reflected, while the louger waves, or rod 
light, |iq as ou. This phenomenon haa also been shown 
tu u|ieralii hi tho produetlou of the greenish blue color 
of glacier wuter ami vertuhi lakes. The atmogpbere 1 b 
thus lo he considered us u lurblil medium; hut this ad¬ 
mission does nut necessarily exclude other factors 
which might contribute lo the color. 

After the development uf tbe above theory to account 
for the acalleriiig of light, Lord ltaylelgh drew atten¬ 
tion to the fact that, lu addltlou to the part played by 
minute dust particles lu tiila connection, the actual 
molecules uf air act lu a similar manner, and cause a 
selective refraction of the light. Iu thla way it waa 
considered that even lu Ihe abacuco ot larger particles 
ot matter, the observed properties of sky light would 
Is.- accounted for. 

In considering selective absorption hy the atmosphere, 
It Is obvious that the pbenomeuou of scattering which 
nniHos reflected light to be bluo leaves the transmitted 
light red. lu consequence of this, Ugbt coming from 
l lie sky Is subjected to a certain absorption causing a 
rclutlve diminution In thu Inlcnslly uf tbe blue light or 
a relutlvo luensisu of the rod. Thla absorption la very 
much lueruiscd by tbo presence of cemkinaud water 
vapor or mist In tho atmosphere. The yellow or red 
color of the sun when near the horizon, and the color¬ 
ing of clooda or mountain peeks st sunset, Is clearly 
explained hy thla Influence. The thickness ot the at- 
mu phene layer traversed by the rays at this Uses la 
~ '» Extracts from a paper isfl M tead la gs ft aas fvfrvst. 


a maximum. Tbe absorbing Influence of auapeuded 
matter present lu Ute lower atmosphere la thus the pre- 
ibimlnaut factor lu determining the light from tbe set¬ 
ting sun. 

If scatter!ug tho llghL according to Hsylelgb's theory 
wore the sole Influence at work here, It would be ex¬ 
pected that the sun viewed od tbe horlxon would be of 
an invariable color, However, observation allows that 
the nature of this light la very variable, showing that 
the elements In tho aLuioaphcre which Alter out the blue 
rays of the trauamltted light arc not constant Light 
transmitted from the setting auu throngh a dear sky la 
frequently not so red as would he calculated from the 
theory uf scattering. Spectre-photometric measure¬ 
ments have been made uf light from the sun passing 
through n cloudless sky when viewed below the horizon 
from a high mountain. Tbo nature of the light trans¬ 
mitted under theae conditions dues not generally con¬ 
form tu Kaylulgb's law uf molecular scattering, but 
1'idlcntes thu presence of other factors uf absorption. 

Cases have Indeed been placed ou record whore, lu 
the tropics, the air waa exceptionally dry, the light 
tiauamltted from the sun on first appearing above the 
lioriiou waa green. Tbla, If authentic, would definitely 
oslnbllab the presence of a true absorption odor of air. 

According tu ltaylclgh's theory, If the whole of the 
light proceeding from the sky Is the result of scatter¬ 
ing by molecules and particles which are small eom- 
1 tared with tho wavc-longtli uf light, then light which 
proceeds from that portion of Ihe sky which la viewed 
In a direction at right angles to the direction of tbe 
sun's rays should be completely polarised. It might 
conversely bo assumed that if all the light proceeding 
fruin thla region were polarized, Its origin would be 
sulely due to tbe diffrtcilun of molecules and anull 
port Idea. The measurement of polarization gives accord¬ 
ingly a method uf ascertaining definitely the part played 
by selective scattering The result of such measure¬ 
ment* la Lu show that the light reflected at thla angle 
uf 00 degrees la by no means completely polarized, aud 
that the proportion of polarized to total light varies 
very largely from time to Lime. 

dome recent meaauremouta made by Bontrlc 1 la Swlt- 
tcrland have shown that the degree of polarization of 
light scattered at au angle of 80 degrees varied be¬ 
tween 0.4 and 0.7 of the total light Measurements 
were also made on tbo constant of solar radiation which 
la discussed below. Tbe degree of polarization was 
found to vary concomitantly with these radiation val¬ 
ues, or la other words. Inversely si the tbeorption of 
the atmosphere. The variation lu titan values of the 
polarisation, and deductions which have been made 
from meaaorementa ou tho relative lumlnoua Intensities 
ot sunlight aud skylight, have shown that It la ueces- 
sury to assume that a large amount of light la reflected 
from the iky under conditions which do not conform to 
tbe theory uf selective acallerlng. Thla la probably due 
to the reflection of light from particles which ire large 
compared to the waves of light, and also to some ex¬ 
tent from direct Illumination hy light reflected from the 
earth. The admission uf these sources of light opens 
tbe possibility of the operation of such factors as the 
color of the air Itself due lo element* which exert a 
selective absorption. 

Kxpertmenta have boon carried out ou the degree of 
pularlatllou of the light ot different wave-lengths pro¬ 
ceeding from the sky. It waa found that U bins rays 
are removed from thla light by causing it to pass 
through a medium of complementary oolor (red) ao ar¬ 
ranged that the sky appeared white when viewed 
through thla liquid, then the light thus filtered showed 
exactly the same degree of polarisation aa wblen meas¬ 
ured after proceeding directly from the sky. It would 
appear from thla that tbe blue light from the iky is not 
polarised, but that the polarized Ugbt la white, and that 
the blue color results from the absorption by tbe air of 
reflected non polarized light, or elae possibly It la pro¬ 
duced by fluorescent p he n ome na In the atscopbere. 

Direct measurement* made on tbe surface of the 
earth of the solar constant of radiation, which la de¬ 
fined aa the radiant energy falling on unit area of tbe 
earth's surface, are of course affected by any absorp¬ 
tion which takes place In the atmosphere. The dster¬ 
minations made of this constant, which is of very im¬ 
portant astronomical si gn ifi c an ce , hare shown couM- 
ereble variations. Much careful research has been car¬ 
ried out In recant yean to determine the 
value of this co n sta nt , feat an account ot tho varying 


results obtained, there U still a daal ot nuosrtalnty area 
about the approximate value. 

Cureful determinations made hy Abbot and Fowls* in 
America, at an altitude of 14,00(1 feet, give a mean 
value of 1.822 calories per minute pm square eentlmeter 
of the earth's surface. However, marked fluctuations, 
covering a range of H per cent. In the radiation received 
were observed. In all cairn the raises obtained agreed 
very closely with those made almoltaneoualy at an alti¬ 
tude uf 6^00 feet It waa concluded that the absorp¬ 
tion of extreme ultra-violet rays by the atmosphere did 
not cause sti error greater than 1 per cent lu the total 
radiation received. The observed fluctuations were at¬ 
tributed to changes In the actual emisalrtty of the sou. 

in couveraation, it was suggested hy Hr. M, Basel to 
the writer that tbe fluctuations are caused by osoow 
While tbe absorption of visible light raya by oxygeu 
and nitrogen la negligibly small, water vapor, on the 
other band, has a considerable influence. Ozone, If 
present In only small amounts, would act similarly in 
causing s marked absorption of the sun's rays. Aa 
mentioned above, the presence of thla gaa In the upper 
atmosphere has been assumed aa an explanation of the 
fact that the solar spectrum nos sea abruptly iu the 
ultra-violet at a point where oaone la known to have a 
deep abaorptlou band. 

THE CHEMICAL KOTIK ATIO* AUD DISTIHOTIOM OT BOMS 
COHOTITUMTS OT THE ATM0SPHEBE. 

Tbe farther elucidation of this subject of the optical 
properties of the atmosphere most lie In the precise de¬ 
termination of the presence of such bodies as osoue, 
hydrogen peroxide, and nitrogen peroxide. All of these 
gases have been thought to be produced to a larger or 
smaller extent by tbe action of the.ultra-violet light 
radiating from tbe son on to the atmosphere, aud also 
through the Influence of Ionization accompanying elec¬ 
trical discharges In the atmosphere, and through tbe 
possible action of electrons emitted from the sun. 

Though a very large amount of attention haa been 
devoted to thla subject In the past. It has not been paw 
Bible to establish with any certainty tbe existence of 
these gases In the atmosphere. The results obtained by 
different worker* In UUs field have been very discord¬ 
ant, and very few determinations hare been attempted 
at high altitudes. The dlfflcoltia of such an Investiga¬ 
tion arise from tbe small magnitude of the amounts to 
be measured and the gnat difficulty under these condi¬ 
tion* of making any distinction betwoen the different 
gases in question. 

Of these gases, the one which has always offered the 
greatest Interest In considering atmospheric phenomena 
la ozone, and a very Urge amount of work has been de¬ 
voted to carrying not comparative qualitative testa on 
its presanoe In air. The moans adopted for this estima¬ 
tion have nearly always consisted la exposing to the air 
absorbent papers which have been saturated with a 
reagent, which react* with ozone and thereby undergoes 
a marked change in color. In this connection, the use 
of a mixture of potassium iodide and starch, which Is 
colored bine by traces of oaone, waa established by 
ScbSnbein aa early as 1840, and aloe* then a number of 
organic reagents have been applied In a similar manner. 

Au Investigation was undertaken by tbe writer* in 
order to examine comparatively some of the chemical 
properties of oroue, nitrogen peroxide, and hydrogen 
peroxide. Methods were devleed of estimating ozone 
when In vary small quantities, and distinguishing tram 
the other gases which show very similar chemical prop¬ 
erties. It was found In thla work that the ootorlmstrlc 
change which la brought about by lodlno la tho reaction 
between oaotife and potassium iodide cannot be used for 
any quantitative deductions, and that the method Is un- 
reliable even for qualitative result* on aoaount «f reac¬ 
tion* brought about by the infloenee off l ig h t, hy im¬ 
purities An the paper, and other dteturUng causes. 
Similar objections were found to apply to all other 
forma of colorimetric testa. No eonclostva dlatlnetlon 
betwoen osoue and other gases with similar proportion 
which hare bees oonoldered aa noma! constituents off 

papar*." 

Tbo rosiest which finally waa found to bo moat rult- 
■Me tor tho tetimation of oeooe la a eooceatrotad aqoo- 
ous rotation of nsutrol potassium iodide, tho precaution 
being taken of protecting the liquid from tho light dur¬ 
ing tho msaaonmant. This solstioa was fomat to ranst 
with owns with groat rapidity, oren wh«n Iteffife 


‘t* (1014), It, ife. 




SCIENTIFIC AMERICAN SUPPLEMENT Na 2052 


*87 


M*y 1,1BI» 


very mat*. Baocckm also taka ptee* readily it tem¬ 
peratures u tow u —ao degnea, when tlxiuli pttmd 
over Uw nrlhee of the aoUdlfisd retcenL 

A earstal study was made of the ohemloal changes 
which take place In thle reaction, aud a comparison 
made with Ihoae brought about by oxides of ultrugen 
and hydrogen peroxide. It wax found that In the cave 
of oecioa, In actxndance with the operation of nun ac¬ 
tion, an Important Inflnenoe la exerted ou the nature of 
the product* the quantity of gaa circulated and alao 
for e given amount of otone, by the concentration pci 
nult volume. Thun with very dilute gaa, aud at tem¬ 
perature* above the f reusing point, —2d degree* Ute 
formation of free ludlno aud bypolodito results, while 
with a more concentrated gaa, and In all CUaaa with tlio 
aulldlded reagent, In addition to these products, potas¬ 
sium lodate la formed directly. An estimation ol the 
products formed In the first case can readily be made 
by titrating the solution with standardised sodium thio¬ 
sulphate solution until the yellow color of the Iodine la 
removed, and In the second case, the lodato can be esti¬ 
mated afterwards by acidifying, when decomposition 
Into Iodide aud free Iodine occur*, aud this last la then 
ixUmated aa before. 

On comparing Uw above reaction* with these given by 
bydrugeu peroxide, It wua found In tills latter case Hint 
potassium bypoludltc aud froo lodluo are funned to a 
limited extent, but uo lodate. The reaction la uot quan¬ 
titative since tbe hypulodlte formed, wlum ubovo a cer¬ 
tain concentration, reacts with hydrogen peroxide with 
evolution of oxygen. Nitrogen peroxide was found to 
react with potaaalum Iodide uuder all cuudltloua to give 
mainly lodate together with some free Iodine. With 
tliia last gaa a very characteristic property waa shown, 
which enabled lbs detection of minute traces of this 
gaa. if In tbe potaaalum Iodide solution which bad been 
expound to oxides of nitrogen, Uie free Iodine, which 
was liberated after acidifying, was removed by titration 
wllb sodium thiosulphate, then, on standing In air, a 
further liberation of Iodine developed with a velocity 
depending ou the total amount of tlio oxides of nitrogen 
urlgtuully abeorbed. This change Is brought about 
through the catalytic lnfiueuce of tho nitrons achl 
formed In ubeorblng uxygeu from the air and then un¬ 


dergoing reduction by the potassium Iodide with libera¬ 
tion of lodlue. This reaction enables aa approximate 
determination to be made of these oxides when present 
In quantities too entail to estimate by direct tltratlou. 
The method thus resolves Itself luto a measurement of 
the rate at which the reagent after arid I tying liberates 
Iodine when exposed to air. 

White this reaction Is characteristic of oxide* of 
nitrogen even wbeu present with other gases, hydrogen 
peroxide can also be distinguished by the following 
separate testa. A solution of UUnlum sulphate In sul¬ 
phuric acid Is colored yellow by traces of hydrogen 
isirexlde, aud this property forms u distinguishing tret 
for this compound. 

In the case of osone, however, It waa not found pos¬ 
sible to characterise this gaa when present together 
with tho others. An estimation could probably bo made 
In presence of the first two gases, If very dilute, by a 
method of elimination. For this purpose, a determina¬ 
tion could be made of tbe sum of the three gnaes by 
absorbing In acidified potassium tod Ido, aud then de¬ 
ducting tho quantity of hydrogen and ultrogen peruxldo 
u* determined seiwrately. 

In the meusurewiuito made In tho present work, It 
was found Unit nitrogen mid hydrogen peroxide lire not 
present at high altlLuilcs to any Uetectablo extent, so 
Hint tho prublcm of tho estimation of osone was con¬ 
siderably simplified. Tbe muunor of applying these 
reuguhts to atmospheric tests Is described below. 

TUB ACTION or UhTSA-VIOLKT LIUIIT ON AIK. 

It Is now a wril-estiibllsbod fuel ihut oxuiio 1* funned 
by the action of ultra-violet light 011 oxygen or 011 sir, 
aud that If Initially above a certain concentration, ex¬ 
posure to tbe iMmu light causes a decomposition of menu 
Into oxygen. In either of tliesu millions, the khiuo sta¬ 
tionary state Is finally reached, representing uu equilib¬ 
rium value, when no further change lu the concentra¬ 
tion of the oaoae results. 

it has been fuuud that the actual value of this 
equilibrium quantity varies with Ihe nature of the light, 
and with tbe temperature and pressure of Uie gas At 
a reduced pressure, for lustauce, tho rate of rormatlou 
of osone Is deereasoil *nd the rate of Its decom¬ 
position iiR-roaacd, so that we Uud Uie llnul cqul- 


librium Is represented by n mucb smaller value. 

Pbotucbemtral lavestiKutloai have shown that Ught 
which is efTccUve In causlug the production of oxonc 
from oxygen la limited te tho reglou of the spectrum or 
wave-length below 200 **. This corresponds to the ob¬ 
served fact that an absorpllou point of light by oxygen 
ocean at 1UH *a and below. It has similarly bean' found 
that rays which are effective In causing the decompo¬ 
sition of osone llo In the range of wave-length between 
JMO and 300 and this agrees with measurements 
which show that osone absorbs llgbt of wave-lengths up 
to 200 go, and probably Is related to tbe fact tiwL tbe 
solar spectrum ceases at about this point. 

Tim work of the writer bus Is-eii devoted to tlio Inves¬ 
tigation of the action of ultra-violet light on air under 
different conditions of pnstHure, liuiuldlly, etc., so as to 
reproduce us fur as possible the state prevailing In the 
Uffiier atmosphere, aud te obtain some Men of tho con¬ 
centration of oaono that cun be reached In this way 
Ulster different conditions. An examination was Hlso 
rnude te see If other products, such us ox hire of ultro 
gen mid hydrogen is-nixlde, are prislnced by this action. 

At the same time a large number of nlr analyses as 
descrllssl Mow were undertaken at high altitudes und 
the ulsivc com pounds estimated/ The niquinitus used 
for these mensuremeiils mi the ex | insure of nlr lu ultra¬ 
violet light wus specially designed so Ihut the air could 
Is- brought luto contort with light rays which had un¬ 
dergone a minimum umnunt of absorpllou llirough In¬ 
tervening uwdla between tho source of light and tbe 
ulr. It wns nlso arranged to prevent Ihe tcuiiicraluni 
of the ulr undergoing exposure from rlstug to any large 

The nature of tho light In the ultra-violet reglou of 
Ihe Hpeelriiin radiated from Uie sun onto the upper lay¬ 
er* of Ihe atmosphere Is not ul nil known, mi that Hu- 
renditions prevailing In this region could not he repro 
dured In the lahoraLory. The scope of the preseut ex- 
imrlmento wus cunseijneiitly limited to the deteruilua- 
tlon of the relative formation of the different products 
given miller varying conditions by an arbitrary source 
of light. 

{To ho continued.) 
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The PUiietary Nebule* 

By RsmIJ Sullivan 

Whin Sir William lieracbel first turned his power¬ 
ful re Hector to the skies, be noticed a number of small 
round disks of greenish light, lie assumed that they 
were either distended atari, or comets at aphelion, or 
the planets which revolve »round the atare After test¬ 
ing these hypotheses, be oast them aside and decided 
that these tiny disks were hollow sheila of gas. 

The term “llaiietary nebulm” was used by Hlr Wil¬ 
liam to denote these objects aud has caused confusion 
at Ours. It refer* to the resemblance tin mu nebula- bear 
to the disk of a planet and not te any planubiry af¬ 
filiations. 

In the Mirly sixties Hlr William llugglus spectre- 
•topically examined the bright planetary nebula In 
Draco, which marks the pole uf the ecliptic and showed 
that the spectrum consists of a few bright lines which 
indicate luminous gaa under little or no pressure. This 
discovery, so different from tbe well-known continuous 
spectrum, might he called the beginning of nebular 
astronomy. Thus the spoctnmcope made It poesible to 
differentiate with apparent certainty Is-tween m-bulm 
and distant star cl niters. 

In recent years the planetary nubube have been some¬ 
what neglected. little was known until Keeler visually 
measured the radial votedtla* of a few and found Utelr 
average weed was about sixteen ml lea par second— 
comparable to that of the star*. This remarkable re¬ 
mit was obtained before the days of photographic work 
with the spectroscope. He also attempted to measure 
their rotational velocity, but without definite remit If 
U were not for the concentration ol light In a few Uues 
the spectra of these objects would be elmoat Invisible. 
Babluet's criterion, applied to a planetary nebula, 
wobld show that the rotation of a huge, Attenuated 
mass of gag would be almost nothing at the dreumfer- 
enoa. Campbell hoi recently measured the radial veloc- 
ily of tho pUoettnr notata by tba •ooctrocnphic 
method and confirms Reuter's writer remits obtained 
visually, la the teat three yean Campbell baa found 
planetarles whose avenge speed la seven times that of 
the average beUom star, L cp tbe aarHest type of star. 
Three team are tba afoweat fcobwtt and have an aver- 
ail redial votedty of Oft mites per second. Thus the 
pteutetnrtea would be moving through spare with speeds 
ed <0 mfiea per dtootad. Bad) speeds are only oompar- 
able to the vary Ugh retedttes of the taint reuil star* 
whtek adding** has reomtiy dnerihed. Them abut 
.. <1^ Affaire iMwM* 


lire only visible ln-cain* tin-y nrc uenr, llic illsteul ones 
lielng too faint for obaorvutlou. Eddington Unite uvnf- 
sgc sjiceds uf 42 miles per second for this class. 

Thu number of planetarles Is uot targe—they esn tss 
counted by tho score; while the spiral type runs Into 
the thousand*. Hydrogen, helium, uud nebullum (tho 
latter terrestrially unknown) are the principal gases 
which form these Blrauge bodies, aud there te often s 
central star nr base, Implying a certain degree of con¬ 
densation which would contradict Ilerscbcl's theory of 
a hollow apbere. Home planelarleu prcocuL an elllpllcsl 
asiwct and it Is evident that others consist of two or 
three spheres of gas. Thu majority ore pnimbly 
apheroldal and uuder high powers allow a mottled ar 
sllglitly ragged disk. All planetarles, with a few excep¬ 
tions, lie In or near Ihe plane of tbo Milky Way. In 
tact, almost all gascoua (I. u, "green") nriiulie llo in or 
near the galactic plane. 

There are more planetarles Id the Southern Hemi¬ 
sphere aud the available evidence tends to show that 
they are numerous Lu the Urenter Magellanic Cloud. 
Almost nothhig is kuiwu about their motion at right 
angle* te the line of sight. The fact that few plaii- 
riarlea have wandered far from the galactic plane 
would Imply that this cumpouaut Is small. Why should 
they havo high spued* and still keep to the plauu of tho 
Milky Way? One would expect lower velocity In con¬ 
formity with the average curly type star of the an tactic 
piano. Nor has anything been learned concerning their 
distance or dimensions; they are presumably very re¬ 
mote, os their cloee association with the plaue of tbs 
Milky Way would Imply, and la slie must eaormotuly 
exceed • globe whose diameter Is equal te that of tbe 
solar system. Their low galactic latitude makes H cer¬ 
tain that they are c* roppori with the Milky Way and 
tbos are not external to our own ouivereo. 

Stellar nebula seem to bo small or distant planetarles. 
Pickering hu found a number of them by sweeping 
with a direct-vision spectroscope; they are faint, initiate 
end almost star-like lu apprentice. Miss Gierke thinks 
them similar to the planetarles. They are gaseous and 
never Ue outside the plane of tbe Milky Way. 

Wright, Merrill, and Paddock have recently found 
that there la a pronounced resemblance between the 
spectra of stars of the WolMtayet lype aud the plan- 
eUrlca. At Ire at three planetaria* ytehl WolMtayet 
bands. A bright Planetary lu Opblnchua (N.Q.O. 0072), 
which hu a nucleus, and a Wolf-Bayet star In tiygnua 
(BD -I- SO degree* 3680, found by Oampbsll to have an 
hydrogen envelop of S second* of an In (Hamster) an 
sp sct ra ccptetlly planetary nebula with Wolf-Bay st 


stars for nuclei. Itoth ctassca of spct-lni tack I he me¬ 
tallic line* common to tho oblor type* of store. Tbe 
WolMtayet store are usually assigned to Typo O, Ihe 
bcglimteg of stellar evolution, uud have small average 
rudbil velocities, whereas the ptauetsrire havo average 
speeds several times as groat It te difficult to rei-on 
rile such facts. T|ie WolMtayet type te noted for lls 
adbcreucu lo the gulsctlc plane awl a score or so of 
these store lie In Ihe Magellanic Clouds as wulL 

Fading Nuvir often assume Ihe planetary atagn on 
their downward career. Blckertun thinks that limy 
haw been Nlnu-k off as ‘Third bodies” after a stellar 
collision and continue (heir oxteteuce as exismdlng hol¬ 
low shells of gus. The Novo* bare nut shown positively 
Hist lliclr nebular stage te periuuiu-nl, as the majority 
have eventnally sssamed a fulul continuous spectrum 
sjsl lutve become small store. In this conuecUon It 
may be hill-resting to note that Nuvui oftou show WoK- 
Itayet bamls In their Intermediate stages, followed liy 
the spectrum uf uebullum. Thus tho WulMtuyet and 
planetary s]iectra would apiieitr cousecuUvely. Mten 
Gierke thinks that this period te Die middle of a Nova's 
Ufe. Campbell suggests that planetary nebula- originate 
by stellar collision or cloao approach. Before a star be¬ 
comes a Nova tbe chuucwa are tliat It bos gone through 
several slagcs of stellar evolution and has Uiereby ac¬ 
quired n velocity comparable to that of tho fast Type 
M Htar (10(4 miles per second) or the planetary 
nebula; Eddington says Uie sliced te still greater for 
fainter stars of tlisl type. If the planetarles wen- as 
numerous as tbe store we might Infer a genesis of plau- 
etariee from old store Since they are comparatively 
octree, It seems more likely that I hey arc Ihe wrecks 
of undent Nora. The number of plum-torles and Nove¬ 
ls In fair agreomeul and both classes He In or near tin- 
plsua of the Milky Way. 

Campbell arranged 11 number of stars In Ihe order of 
their spectroscopic ego and showed Hint the planetary 
nebube exceed tbe oldest stars lu sliced. According to 
Keeler, the great nebula lu Orion, of the tm-pater gas 
ecus type, 1s almost At rest In space. Evidently one 
gaseoag typo te much older than tho other and then- 
may bo unknown stages of stellar evolution eounecting 
the two gam-ous types. If Increasing radial velocity Is 
a measure of a slur's age, arc we Justified In applying 
this criterion to tbo ncbolip? 

Thus tbe planetary nebula have WolMtayet affinities 
and are related to the None aa well, the Nova- also 
showing an Intermediate WolMtayet spec*rum. The 
interpretation of there relations Is ono of Uie tasks of 
nodere apectroacopy, 
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Atoms and Ions—II* 

A Comprehensive Discussion Especially as Related to Gases 

By Sir J. J. Thomson, O.M., F.R.S. 
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In opening his diwourec I be «|N*ak*ir said that, on the 
pn-tioiiH occasion, hn bad shown that if a iliHnhargo- 
tub« with OUtxl with a fluorite window, the lij(ht which 
traversed this window waa capable of endowing air with 
couducLivity He had also shown that on placing a 
thin plate of quarts before this window the conductivity 
ef tlw adjacent air vanished; and, further, that if tho 
■ur taken fur investigation were drawn, not from tho 
immediate surface of tho fluorite, as in the original ox- 
IM'riment, hut from a region a few millimeters away, 
iui conductivity was apparent. This showed that the 
ionizing rays worn whnljy absorbed within a depth of 
2 millimeter* or 3 millimeters of air at normal pressure. 
The rays in question belonged, he said, to what waa 
known us tho Schumann region of tho spootrum. 

Ho hail himself. Sir Joseph Thomson continued, 
lieen working on tho nuliation |imduood by Hbntgon 
rays, in wliieh Hie cathode rays originating them went 
much slower Ilian usual. Ho had started with rays 
Ilf wliieh tlie energy (measured ill a certain way, to lie 
defined later) was rcpn-scnbil lit a few volts, und had 
gonn up to energies com■«ponding to 3,000 volts, lie 
had investigated the nature of the Itdntgen nuliation 
given out when the ly|M> of cathode rav was varied 
throucli tlie range staled. Thu oliservatious nuule ism* 
finned in a very remarkable way a view he had put for¬ 
ward three yi<ars ago as to the origin of the eharaelerlstie 
radiation. Ho luul tlien suggesUHt that Hie emission 
of characteristic nuliation marked tho return of a nega¬ 
tive particle to an atom which bail been previously 
ioniutl by lielng deprived of negative electricity. Kvery 
ionizeil atom, when it re-acquired a negative charge 
gave out a characteristic nuliation, and tlie energy of 
this nuliation measured tbn nuinlier of atoms ionised 
by the eaLliiHle rays. A n atom could lie ionized in divers 
ways by taking a negative particle fmm different parts 
uf its structure. If tlie particle were taken from the 
surface of the atom, not much work would Is- required 
to ionize the atom, and when it re-acquired the charge 
it would oorres[simlingly give out nharaotcrislic radia¬ 
tion of a very soft (,V|ie. if. hiiwnvnr, the ionization 
were affected by removing tho negative particle fmm a 
point nearer tlie center of tlie atom, more wurk would be 
r<N|iiins), and when the charge was regabusl, the cbarac- 
teristic nuliation would I* of a "hard type." He hod 
found it imiwililo to get in this way a great number of 
different "elmraeteristic radiations," liy gradually in* 
crenmpg the energy of the nathode rays used. 

The ultra-violet light whioh passed through quarts 
was able, the speaker continued, to make some gases 
conductive, but not others Thus Btoublng had found 
that mercury vapor ex|Hisod to "quartz” light possessed 
some small amount of conductivity. This was a very 
interesting foot, and the question arose as to what 
were the properties of a gas which determined whether 
it did or did not beoomo a conductor when exposed to 
light of a particular wavo-length. In the subjoined 
table, the results recorded in the seeond line wore ob¬ 
served in experiments made by Frank and Herts to 
determine the amount of work required to ionise the 
molecules of different gases; that was to say, the energy 
needed to se)>aralM a corpuscle from an atom. The 
ionizing energy givon In the sooond line of tlie table was 
expressed as a certain number of volts, this number 
being the voltage through which a unit charge would have 
to fall to acquire tlie onergy neoessary to ionize the atom: 


From the table it ap|>eared that, for ionization, 
mercury required an amount of energy represented by 
Vt> volts, nitrogen 7.5 volts, and oxygen 9 volts. The 
inert gases argon, neon, and helium, in contradiction to 
what might have been anticipated from the brilliancy 
of the discharge through them, were morn diffloull to 
ionise. Mercury vapor waa evidently by far the easiest 
to ionize of tho elements tabulated, but were the table 
ox tended to innludo such electro-positive bodies as sodium 
and potassium, mercury would be shifted from its 
position of priority. Underneath the ionising energy 
will be found valuus of X, whore X denotes that wave¬ 
length of that light, whioh was oonneoted with the 
ionizing energy immediately above it, by the "quantum 
law.” Light, the lecturer proceeded, behaved In many 
nmpccLs as if it were made up of discrete bundles, each 
endow ed with a d e finite amount of energy. Tbfe amount 
• Bsproduoad from Otthmrlm 


depended upon the wave-length of the light, the smaller 
the wave-length the greater being the energy in each 
bundle. Tho energy in each bundle was, in fact, propor¬ 
tionate to the number of vibrations made per second by 
that particular kind of light. The numerical relation¬ 
ship between the ionising energy (expressed in volts, ss 
already explained) and the wave-length waa given by 
the relation 

r v _ 12.2 X 1000 

where X was expressed In Angstrom units, and it waa 
from this expression that the wave-lengths given in the 
last line of the table had been calculated. In order, 
therefore, that light should rendor a gas oonduotive, the 
energy in each "parcel of light” must be equal to tho 
energy required to ionise a particle of gas. Hence light 
with a wave-length of 2,536 Angstrom units should 
Ionize mercury, and light uf this wavo-length would 
1MUX through qnartz. On tho other hand, to ionize 
nitrogen tho wave-length must not exceed 1,000, and to 
light as ultra violet as this quarts was opaque, a wave¬ 
length of 1JMK1 lieing ahout as short a wave-length at 
quartz would pas*. Fluorite, on the other hand, was 
transparent to light of us short a wave-length as 1,200 
Angstrom units, and hence it was to be nxpocted that 
oxygen and nitrogen might lie ionized by light able to 
traverse fluorite. This light would not, howovor, Ionize 
hydrogen, which required the wave-length to be less than 
1,081), to which fluorite was opaque. It would be seen 
Lhat these conclusions corresponded very well with tho 
results of experiment, air being ionized by "fluorite ultra¬ 
violet," and mercury by “quartz ultra-violet," while 
the others were immune to hoth. 

Then* was, however, more In it than this, for in Hie 
mercury spectrum the wave-length 2,53fl corresponded 
to one of tho must brilliant and Important lines, and, os 
stated, 2,536 was tlw wave-length corresponding to the 
ionizing |K>t«ntial. In some recent experiments by 
Frank, in which mercury was ionlzod by nolhodo rayi 
sent through different definite falls of potential, he found 
lhat tlie spectrum of the mercury showed no trace of 
the line at 2,536 wave-length so long as the fall of 
potential was 4.8 volts or under; hut that when this fall 
was increased to 6 volts or a little more, the line began 
to make its appearance, and increased in intensity os the 
voltage Tall was still further augmented. The appear¬ 
ance of this lino in the mcreury spectrum oolnoldod, in 
short, with the use of cathode rays having the critical 
amount of energy. Ionization was therefore a lonely 
connected with radiation, and by measurement of the 
energy required for ionization it was possible to deduoo 
the position of oonspicuous lines in spectra. 

Perhaps the most famous ease of ionization produced 
by light oapable of passing through quarts was that 
discovered by Stark, who found that anthracene vapor 
became oonduotive whon exposed to “quartz ultra¬ 
violet" light. The effect oould be oleariy shown by sub¬ 
mitting anlhrooene vapor, inclosed in a quartz vessel, 
to the light of a mercury lamp having a quarts bulb. In 
that case, an elestroaoopo coupled up to one of tiro 
elootrades (the other bring earthed) immersed in the 
vapor gave evidence of a distinct leak. This experiment 
however, gave rise to certain difficulties of a theoretical 
eharaoter. It was bellevod that conductivity was an 
atomic phenomenon, and did not depend in any way 
on what companions were associated with a particular 
atom, the ionising potential bring quite independent of 
these. The light which passed through quarts had a 
wave-length of, say, 2,000 Angstrom units, and, so far 
as is at present known, the only gas whioh oould he 
ionized by light of Uds wave-length was mercery vapor. 
It waa true that no figures existed for carbon, but no 
other h y drocarbon than anthracene was Ionized by 
"quartz light," and it was thus dUDoult to understand why 
anthracene should be. 

For his own pact be was not convinced that the 
ionization found In tbs oase of antiAooe did not arise 
from quite a different causa than from the direct action 
of tbs light as exemplified in the ionization of air by the 
"fluorite" raya In the last loetiir* he had shown that 
when "quarts light” fell on metals, the latter gave out 
negative elec trinity. It seemed poadble that when ex¬ 
posed to ultra-violet light anthracene might fedyrnsrUe 
fine dust bring produced as oua result of the change, and 
that this dust, when e x pose d to the action of nitre- 
violet light, might give out negative elec trinity, just as 
■nail part i si si of mstal would do ia the rerne riruogz- 


stances. If this wen so, the apparent conductivity d 
anthracene vapor would be due to ths pboto-etooMe 
effect of light on rohd particles. The accuracy of this 
hypothesis might, perhaps, be tested by measuring the 
spaed of the particle In an rieotric fluid; since, when a 
duet particle acted as an ton, its sp eed was only 1/1000 
that of the positive particles produoed In genuine 
ionization. Tyndall indeed hod shown that by the 
action of light on eertein vapors, clouds of small pertloke 
were produced, and if anything analogous to tide took 
place with anthracene, we should have an explanation 
of its conductivity whioh would not oonfliot with views 
hold to be well founded from other considerations. 

The lecturer next ooruddered quite a different 
method of making a gas conductive, the ionisation bring 
produoed by splashing or bubbling. The pioneer ex¬ 
periments in this line bed been made by Faraday, who 
had carried out a very remarkable research on the 
electricity produoed when steam was forced through 
narrow panages, aa in Lord Armstrong’s hydro-clootrie 
machine. Next after Faraday same Lenard, who was 
led to the subject by the attempt to And some explana¬ 
tion of a long-known foot—via., that the air at the foot 
of a waterfall waa in a somewhat anomalous condition, 
many observations having shown such air to be very 
poeuliar. Lonzrd found that a considerable amount of 
ionization arose whenever water fell and struck a solid 
obstacle. The ions thus produoed wore of a type rare 
in "lonio populations." where, in general, there was no 
middle class. Big ions were (band in plenty moving 
with a velocity corresponding to a loll of 1 volt per oenti¬ 
me tor, and also many small ions moving at a speed 1JKX) 
time os great. There was, however, a lack of Ions to fill 
up the intermediate gap, but the Iona observed near 
the foot of a waterfall had this intermediate eharaoter. 

Their production was extraordinarily susceptible to 
slight impurities in the water. With ordinary tap-water 
no ionization was produoed by aplaahing, and till the 
importance of ualng extremely pure water was realized, 
Lenard found himself unable to repeat in Bonn obaerva- 
tioni made at Heidelberg, where the water supply was 
purer. The speaker had himself found it passible to 
deteot by their effect on the ionisation produoed by 
sploshing, the presence in water of traces of roeeniiine, 
whioh oould nut be detected by the coloration produoed. 
Further, if sulphuric arid were added to the water in 
small quantities, no ionization was produoed by splosh¬ 
ing; while If more adds were added, so as to get a stranger 
eolation. Ionization was again observed, but Its sign wee 
reversed from negative to positive. An addition of 1 
pert of arid to 2,000 of water was sufficient to effect this 
ohange of sign. 

Splashing was, he oontinued, very analogous to bub¬ 
bling. Lord Kelvin was ths first tq observe the negative 
electrification produced when air was babbled through 
water. The p henom e n on was, howovor, to be observed 
only with certain liquids, gasoline, for example, giving 
no ionisation. In fact, liquids were divisible into two 
sharply separated di e ses , -according ss they did, or did 
not, show dectriflonUon by splazbhv or bubbling. The 
division was one whioh ran through a considerable num¬ 
ber of properties. Some, suoh as water, the alcohols, 
and phenols, had a large surface tensina, and an abnormal 
specific inductive aapadty, this bring much larger than 
calculated from Uziwzil'i lew, e coor dfaw to which the 
specific inductive asperity should be equal to the square 
of ths refractive index. This sroperto these abnormal 
txxUes retained evea is the gaemsamte, the speaUU 

in ootaj*r£mrito ^s^Lmof'S^sf^S^’InS^! 

He had himself suggested that the twt alamos of eoati 
pounds differed, hi that *Uh those having an abaorual 
•perifio qanduetive eaperifty, the atoms ^f & moiseaW 
were opposi t e ly M e r ge d with riw lri rii y , while in normal. 
bodies Ike atoms off the meWe am* individually 
negtrai- It Vas o nly with' the abnormal h^nds the* 

the animal desst 

bearimt«tt thorny qra srioa-tt^ that ef iogfam- - 

K«»4sSfo«aS: 

wire, in tm, ewonspejtied.hy feme 
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sepast of Ionisation bjr babbling. A Urge effect due to 
lb* letter MM wm to be expected, u the bubble* were 
rosy small, It ooald not, Indeed, be doubted that in a 
Urn number of eases H wee tbU bubbling that wm 
■btanlebte far the whole of the electrification observod. 

TUfn wen, however, other eeeee to whiab this ex- 
pMlM would not apply. One of theee (still without 
any very thorough explanation) wee the ionisation pro- 
dtleed when air wee dnwn over phoephorui. If a little 
fboeptnnu wen placed in a tube through which air 
waa snekad, then, if a ootleetar In the tube me connected 
up to an dU ot r o eeope. the latter indicated that the air 
whteh bad paaatd over the phoapborua had beeome oon- 
dnetive. TUa might seem aa aimple a earn of ohemlnal 
action aa we ooald have, but Block had ahown that the 


matter waa really rather complicated. The paaaagn 
of the air over the pboaphorue wax accompanied by a 
faint lominoaity, and by increasing the apnml of the air 
current thla lumlnou* cloud could be drawn clear of the 
phoapborua, leaving a dark tpaoo between. Block found 
that if hia collecting wire won placed in thia dark space, 
there were no aigna of conductivity; while if plaoed In the 
luminous cloud, there wm conductivity. This green 
phosphorescent aloud was attributed to the further 
oxidation of a highly unstable oxide (P,0,) first formed. 

This appeared to be a comparatively simple case of 
ahemloal action accompanied by conductivity, but there 
waa, nevertheless, something exceptional about it. since 
similar chemical and light effects were to be observed 
with sulphnr and arsenic, a similar luminosity and simitar 


unstable oxide being fortnod, hnt without any traeo of 
conductivity. There were, in fact, corresponding chemi¬ 
cal and optical affects, but ho ionisation. This instance 
well illustrated the difficulties met with in oonnection 
with the question of ionlzatiou by chemical actum. He 
had shown in the last looturo Hint hot solids gave out 
electricity. Many chemical reactions were accompanied 
by the formation of solids, whkdi, if hot, would give out 
negative charges; hut tho ionisation thus produced was 
not that of thoornlinal importance, and it was very 
difficult in the case of chemical reactions to separate 
these spurious types from the true. As matters stood, 
it would bo premature to say whether nr no ionization 
was ever dlrootly produood by nluuninal action. 

(To be continued.) 


The Sdeatiflc Work of Prof. J. C. Bom 
bit Jakob Kiss, PkD. 

In vn realm of natural science we And three funda¬ 
mental achievements of the human mind, throe victories 
over the material world which ha* yielded to tho seareh- 
Ught of human thought three of her great secrets. The 
Drat great synthesis waa that of Newton, who found In 
the bw of gravity a oommon property of all ponderable 
matter and thus laid the theoretical foundations for 
mechanics and astronomy. A seoond groat synthesis 
waa carried out by Faraday-Max well, who came to the 
conclusion that light la an electro-magnetic phenomenon, 
that In a beam of light there are acting the same forces 
ae operate between two electrified spheres and lielwoen 
magnets. If we observe the attractions and repulsions 
between dec trio charge* and between magnets, the 
magnetic action of doc trio currents, the forces acting 
in dynamos, motors and tranafonurs, and if wu con¬ 
sider the large variety of phenomenon of light—tho re¬ 
flection, refraction, polarization, double refraction, 
rotation of tho plane of polarisation, and interference 
and diffraction of light with their wonderful color effects 
—we would hardly suipoot a bond of unity to exist in 
all thee* phenomena. Nevertheless science has discovered 
the common bond of unity Of all electro-magnetic 
phenomena. This scientific synthesis load to the dis¬ 
covery of electric waves by H. Herts, which are used 
specially in wireless telegraphy. 

The third wide synthesis is that of Charles Darwin, 
who came to the conclusion that all living beings, plants, 
animals and men are connected with each other through 
a process of evolution and that they arose from the same 
source. There are other great triumphs of the human 
Intelligence over the material world, aa far instance in 
the organic and inorganic ohemistry, and in other fields, 
but no other synthesis has been so general and far reach¬ 
ing as those mentioned. Prof. J. C. Boac'i work Is 
Intimately oonnooted with the last two synthesis; namely, 
the electro-magnetic nature of light, and the unity of 
aU life on the surface of the earth. The electric waves 
predicted With all their properties by Maxwell, were 
discovered by H. Hertz In 1887. These waves about 
three meters long showed reflection, refraction and polari¬ 
sation like a beam of light. But they were still about 
Mh mfitton times longer than the beam of visible light. 
PTOf. Boat has thrown a bridge over the gulf hy creating 
and studying el e ctri c wares of about • millimeters, the 
longest heat and light waves known at the present time 
bring about 0.8 mlUbnetsra. There still exists a very 
smalt tfsp, but there is no doubt that wave* of the same 
wave length produced by electrical methods and hy heat 
and light radtaton will be absolutely identical. Prof. 
Bote showed that these short electric waves have the 
akme property as a beam of light, exhibiting reflection 
refraction, even total reflection; through a black crystal, 


double refraction polarisation and rotation of tbs plane 
afpohrisatioa. The thinnest film of air is sufficient to 
produce total reflection of risible fight With its extremely 
lltirt wave lengths. But with the new electric waves 
which ha discovered. Boas shoved that the critical thick¬ 
ness of th* sfr-qpaee waa determined hy the rrfraeting 
power of the prism and by tfce wave length of tho elec trie 
jSsMattona. He found n special crystal, NemaHte, 
vtiti exhibits the polarisation of electric wave* In the 
vary ana* way as a beam of light la polarised by a 
TonrmaUas crystal. The rotation of the plan* of 
fiaUrisstkip waa dmnanafaatsti by Prof. Bow by means 
a# a oectrivaaee twisted Uke a rop* aad tits rotation 
•Mid $e prsdneed to tba lift or to th* right, jost u dif- 
fMffflfii S#tW of enfrfr twtndn the plana of polarisation of 
^OfyUghtto ths^ortothaWt. Prof. Bops 


ttod Baslf t» MaOirel’t theory w to the relation 
Wd tiwJpdMtwf refraction of ll|iti pad the dlelwtrie 

aajrSjitfL: s* «om*< «w a» »*« 


wss a hard task to produoc vary short cinotrin waves 
which had enough oimrgy to be detected, hut Bose over¬ 
came this great difficulty by coiurtrurtiug radiators or 
oscillator* of his own type, which emitted shortest waves 
with a sufficient amount of energy. As a receiver he 
used a sensitive metallic coherer, wnieh In itself led In 
new and important discoveries. When electric waves 
fall on a loose contact between two piasw uf metals, the 
resistance or the contort changes and a current passe* 
through the contact mdicatiug the existence of uleolrin 
oscillations. Prof. Bose discovered the surprising fact 
that with potassium metal the resistance of Lite contact 
Increases under the action of electric waves, and that 
this contact exhibits an automatic recovery. Ho found 
further that tho clisngo of the metallic contact resistance 
when acted on by electrical waves, is a function of Lhe 
atomic weight. These phenomena led to a nirw thiory 
of metallic nuhereni. Before I hose disoovi'ric* it was 
assumed that the particles of two metallic pieoes in 
contact are, as it were, fused together, so that the re¬ 
sistance decreases. Hut thn increasing resistance, ap¬ 
pearing for Mime elements, leads to (lie theory that the 
elentrie forces in the waves produce a peculiar inolix-iilar 
action or a rearrangement of the molecules, which may 
either increase nr decrease the contact resistance. Self- 
reouvery and fatigue of these eolu>rent reminds us of the 
phenomena of living organisms. Here We find indeed thn 
natural bridge between the two fields of the snientille 
investigations of IW. Boon, between physics nnd physio¬ 
logy. 

With the advance of the various sciences it became 
more and more difficult for a single investigator to make 
contributions to different field of knowledge. The 
special theories and the meLhnds of each seiuuiie ioerease 
every year and the definitions of the concepts are so 
different that a scientific man rarely finds himself at 
home in a science outside his own field. Prof. Hose 
Is one of the rare exceptions. As in physics, we find his 
investigations in tho physiology of plants and animals 
clustered round one fundamental idea, tho idea of the 
unity of all that live*. Again, as in physics, Prof. Bose 
made contributions to physiology hy tho oon»truolion 
of new instruments of investigations characterized by 
marvelous simplicity, ingenuity and sensitiveness. I 
will mention among a large variety one. Lhe Resonant 
Recorder, in which the friction of the writing pen has 
boen eliminated by means of the jirineiplo of resonance 
and which allows the measurement of time intervals 
aa small as a thousandth part of a seoond. Bose also 
discovered a aeries of new phenomena and offered now 
Interpretation*. 

In physics and chemistry tlio law of the uniformity of 
nature may he stated as follows: 

Under the tame oondilions a given cause produces 
always the same effect. 

In physiology Prof. Bose would prohubly express the 
same law in somewhat different terms aa follows: 

Under the same conditions a given stimulus produoc* 
In the plant and animat the same well defined response. 
Of aouree it is much more difficult to re-establish the 
ramo conditions In the living than in tho non-living 
world. With increasing Intensity of stimulus the re¬ 
sponse increase*; at very high intensities of the stimulus, 
however, the response reaches a limit. Stimuli too small 
to produce a visible effect, if applied singly, bcooute 
effective by roperimpoaitioo. If the InUuudly of sue- 
oeatlve stimuli it kept constant it may still hapiwn that 
the height at the corresponding responses gradually 
increases as If the molamxiea adapted themselves more 
and more to the external influences; this is the staircase 
effect, so well known in the cardiac muscle but also dis¬ 
covered by Bos# In plants. Not only the intenrity, 
bat the frequency at stimuhit affects the response. 
Fatigue and recovery play an important part In tho 
response of plant* to external influences, and these 
affects hay# be#n recorded by Prof. Bose's Instruments 
with th* asm* fidelity a* purely physical phenomena. 
The fafltMSe at temperature, light drugs and poisons 
<M r egrta b ti r rad aaftssl tbwusa have been stadlsd and 
m Med. nut fed febaal exhibit the same function 
eg ifo «M dM stisstifle tr vsstkatioa 

lfe ns fflpefreU tela rosoB by a fsw examples abossc 


at random from IW, Hose’s very rich scientific treasury. 
Lot us ask, docs the plant sleep’ Is the plant cqually 
sonsitivH to external stimuli during day and niglitf This 
problem was solved by new apparatus which detivere a 
questioning shock to the Mtmota plant every hour of 
Him day and night, and which records automatically 
the response. The record obtained shows that tho plant 
wakes up during the morning very slowly, lionomin 
fully alert by noon, remaining so until evening, and ls>- 
nomes sleepy only aftor midnight, resembling I lie modem 
man in a surprising manner. 

Kluctrieal methods have Iswn found more effective 
in tlui investigations of the functions of the plant than 
mcrlianical methods, lndnsl mechanical movements 
in the plants art' rather exceptloiiul, while tho animal 
enjoys the freedom of million. There are even motions 
in the orguns of animals like I lie ! mating of the heart, 
winch seems to lake plm-c automatically, apparently 
without stimulus. The*' rhythmic automatic motions, 
these llirobhings, however, occur in lhe planls also, for 
instanev, in the oscillating leaflet* of the telegraph plant. 
Temperature variations, anaesthetics, poisonous acids 
anil liases have the same effis'ls on llte throbbing heart 
and thn oscillating leaf. Moreover, in the plant-lire 
it is possible to trace the evolution from simple to 
multiple and to automatic response. 

A difficult problem arises m commotion with tho trans¬ 
mission of impulse* through plant organs which re¬ 
sembles in many nwpccls tile Irununissiou of excitation 
through nerves, The transmission id the impulse from 
the surrounding world follows the same laws in the Issly 
of the plant and uf Lhe anunul- 

TIutc are other problem* isiutiis'Usl wilh lhe control 

of the iutviiuh impulse at will, anil with 11.. of 

memory. The researches of Bose have proved lliat there 
is no physical property of mailer exhibited in the hvuig 
world which is not manifested also in the innrganiu 
world. Indeed the investigations of 13oso luivc shown 
not only a continuity of reaclions lietwccii plant* anil 
animals but also the imeueHs id matter anil its proimrlUM 
in the living creatures and in non-living matter. Wu 
admin 1 the human eye as one of the finest iirnducls id 
the cniativo power of nature, yet Prof. Huso was able by 
purely cliomieal means and physical force* Ui discover a 
phntoHilirlric coll, an artificial nyi\ which shows essenti¬ 
ally the saiue relations between kUiiiiiIiih and rcs|s>nse 
an the human eye. Iueidnulally, lie discovered tho 
surprising fact of a binocular alternation of vision in mau. 

Tlui untrorinity of responses by animals, plants anil 
metals are nssinled by diagrams so identical that one 
could not toll which lu'longs to the animal kingdom or 
to the plant, or to the dead tnelal The laws of ualiini 
hold uniformly throughout tho wlmlo material world. 
Thus Naluni is a universe, a cosmos, whew secret laws 
tho human mind is able to decipher. 

Interesting accounts are to liaud from Rwislen n>- 
garding tho result* of trials lately mmilucted by a leading 
Swedish company on two sister steamers, one—tho 
■‘Mjdlner”—being fitted with turbo-olootrical engines and 
tho otiior -the "Mimer”—with ordinary triple-expansion 
engines. Bach steamer is of 2,226 tons displacement and 
designed tor a speed of 11 knots, a stipulation being that 
in each case the engine* were to develop 000 indicated 
horse-power. The most important factor, however, waa 
with regard to tho consumption of coal, wliieh waa guar¬ 
anteed to be 30 per cent leas in the turbo-olootrical vessel 
than in that fitted with tho triple-expansion engine*. For 
the trial trip, whioh lasted 7 hours, thn anrew* of the 
■‘Mimer" were fitted to the "MjMner,” so as to avoid 

tion. During the trip the turbo-oleotrical engine de¬ 
veloped 076 Indicated horse-power, or 76 more than the 
guaranteed maximum , while the avenge speod was 11 £ 
knots, M against 11 guaranteed. Good aa tiusae results 
are, the small consumption of ooal exceeded the most 
sanguine expectation*, amounting to 0.4 kilogramme per 
indicated horse-power, which works out at 36 per cent 
las* than the consumption cm the sister ship, tho "Mimer.” 
Both steamers tro to be employed In the coast trade and 
their hulls have been eepoolally constructed for naviga- 
; ttMhltfaeiaM 







A T the I normal fencing and gymnastic school 
which I the French war ministry maintains 
vllle. Hynlemallc physical training In 
n, and method! of liu- 
the physical condition of the men of 
iary aervlce am Investigated, 
tlon la given to perfecting tin* excr- 
nicthodn of training, with the aid 
robe! carried on In the 
pbynlo higlcal laboratory of the achonl. 

o the counting and re- 
IrwtraiueutH which are com- 
employed by phynlologlNtn and 
imyrhologfartH for the ntudy of renplratlon, clrculntlon, 
and miUH-ulnr contraction, the laboratory contain! *ev- 
eral novel and luterentlug Instrument* Invented by 
Prof. O. Demnny for the determination of the form 
and dlmenaliau of the body at rent and In movement. 
The laboratory la alno well equlp|ied for work In 
r holography. Including clinuio-photography aud klne- 
matograpliy. 

The dimension! of the thornclc cavity are measured 
with <allpera having blunt tiiw of Ivory. One of them 
tlpa la nfilxed directly to one leg of tbo InnLrument, 
but tin* other tip la nttaelied to a rod which ( 

In a graduated elide agatamt thu premmre of a npring. 
Tbla construction allowa the cullpera to be withdrawn 
without (ga'iilng them or wounding the aubjoct. When 
the 1 net rument la applied to the cheat the apring tip 
remalui In contact with the laely without Interfering 
with rvaplratlon. »o that the travel of the rod uiean- 
urea the augmentation of the thoracic diameter In the 
act of lueplratlon. By connecting the rod with n pair 
of Harry capaulea, a continuous record of the varia- 
tlona In diameter can be lnacrllied on a rotating 
cylinder. 

In order to oh tain more p roc lee mcanurementa of all 
dlmenHlona of the body, Trof. IXtneny has devlaed an 
lustniment, the dimlde ontvcraal omformator, which 
emu be adjusted to trace on paper outlines of the 
median vertical section of the truuk, and of horizontal 
sections at, various I wights. The uumiitlnl organ of 
till! apparatus la a metal rod, to which numerous thin 
ntrl|w of wood, forming a continuous aeries, are at¬ 
tached transversely In such a manner that each strip 
can move ludeiiendcntly In a direction parallel to its 
length (or at right angles to the rod) and that all 
the strips cun he Hied In podtlon by tumlug a nut at 
the end of the rod. Tbo cuds of all tho wooden stripe 
are brought Into contact with the body, and the not 
Is screwed down. The contour of the body cau lie 
traced ou | si per from the prodle of the stri|M thus 
Immobilized. 

With two such rods, mounted parallel to each other 
on suitable suiniorts, the form of horizontal sections 
at I he iKsly, or at Its lateral or anterior and posterior 
vertical profiles can tie iletermined very quickly. Com¬ 
plete linrliontnl sections of the chest at varions levels 
are obtained by attaching four rods to a rectangular 
frame, Imdde which the man stands on a platform 
which can tie raised to any derired height 
The Itemeny conformator reveal* Immediately and 
without calculation any defect of symmetry, such as 
unequal height of shoulders or h 
lure or the spine, etc. 

For the special study of the 
called a KHcblgraph nr profllograph baa been devised. 
Four rods, connected by movable Joints to torn a 
rhomb, aje supported by a carriage that movea In a 
slot In a vertical post The subject stands with his 
Iwck to the inert, and the carriage Is moved upward, 
while a blunt point attached to one vertex of the 


traces the profile of the spine, In Its true dimensions, 
on a sheet of iiaper. 

Vertical sections are obtained also hy a 
meat which traces the profile on paper by : 

■lencllH attacheil to two rods, mounted an rollers, 
between which the subject Is placed, and wbicb meas¬ 
ure the thickness of the body at every |iolnt aa they 
more up or down. 

The volume of olr Introduced into tbo lungs by a 
deep Inspiration U measured by a very simple spiro¬ 
meter. The Inhaled air Is expelled through a rubber 
Lulie Into a cylindrical bell-glass, which dl|w Into water 
coululucd III a larger glass vessel. The crmst-sectlon 
of the tube Is made equal to that of the trachea In 
order to minimize resistance and disturbance of the 
rhythm of resplrattun. Tho bell-glass Is suspended 
by a cord which passes over two pulleys and has a 
Counter) KJ iso attached to Us other end. The bell-glass 
rises as the sir Is blown Into It, and If Its wall were 
i Its rise, Indicated hy the 
attached acute from the water, would be exactly 
proportional to the volume of air Introduced, the pres¬ 
sure remaining constant. In practice, however, there 
Is a small Increase of pressure, which Is measured by 
n msuisueter Inside the bell-glass and Is applied as 
a correction. The spirometer Is calibrated by Inject¬ 
ing air in measured quantities, one liter at a time, 
and reading both the water level scale and the mano¬ 
meter after each addition. 

Many of tho physiological researches that are con¬ 
ducted In this military school are executed by Many's 
method, which Is capable of furnishing graphic rec¬ 
ords of respiratory movements, the pulsations of the 
heart and the arteries, muscular contractions, the 
pressure of tho feet on the ground in walking, leaiilng, 
etc. The part of the body which Is being examined Is 
brought lutu contact with the OexLble membrane oT 
a Marry raiwule, which la connected by a rubber tulie 
to a similar capsule, wlioso membrane carries a stylus 
that presses on a cylinder covered with blackened 
laijier and turned uniformly by clockwork. 

The vari&tloua of muscular effort are registered by 
the well-known ergograph of Uoaso. 

Tho mechanism of bodily movements Is studied also 
by means of photography, klnematography, and, espe¬ 
cially, chrono-photngraphy. The klnematographlc an¬ 
alysis of movements enables the physical Instructor 
to discover the physiological consequences of various 
exercises, and to classify the Utter according to their 
effects, bnt be must control hU deductions by atten¬ 
tive observation of the movements. 

Chrouo-photograpby may 

graphic reproduction of successive positions of a : 
lfig object on a single fixed plate. Graphic chrouo- 
photography Is based on the same principle, but It 
furnishes a much larger number of Images In a given 
time. The pictures of this sort that are produced at 
the JdnvtUe school are exceedingly interesting, and 
convey very valuable Information In retard to walk¬ 
ing, high and broad Jumping, and other exercises. Bo, 
at JolnvUle, physiologists and trainer* work together 
for the Improvement of physical education. 


The Stertttatkw of Watcr-Sapp** for Troop 
on Active Survlee* 

By 0. 8tms Weodkaed, 1LD. 

Song year* ago, while working at the eterlMaatioa of 
the Cambridge water supply, 1 found that It waa net 
non wa r y to make a bacteriological ei a mHwttan to order 


log powder (chloride of lime) to tho water under ob¬ 
servation. Working with very dilute solution! of bleach- 
of "available” 
imbridga water 
frequently only about 1 part In 
7,000,000. lu such casta the number of bacteria present 
waa very (mail and the amount of organic matter very 
low, and 1 found, even after the addition of the above 
small quantity, that If, a quarter of an hoar after tho 
addition of the chloride of time, I obtained a bine or a 
violet-blue reaction with Iodide of potassium end starch, 
on much aa a liter and a half or even two liters of the 
treated water did not contain n single "living" bacillus 
coll communis. In some earlier experiments I was able 
to demonstrate that the typhoid and cholera badlli 
were perhaps even less resistant to the action of hypo- 
cblurouM arid than was the bacillus coll communis. 

Carrying out a further aeries of experiments, I satis¬ 
fied myself that If the particulate matter could bo re¬ 
moved from a water by means of any of tbs ordinary 
filters It was possible to render even a highly polluted 
water perfectly safe for drinking purposes by the addi¬ 
tion of appropriate amounts of chlorine, and that these 
appropriate amount* could be determined hy means of 
tbo Iodine end starch test 

The following la a method of testing and sterilizing 
water for the information of those In charge of the 
water-cart tanka supplying troops on active service; 

All water except that from public tap-water (potable) 
supplies must be regarded as dangerous and unfit for 

dr inking . 

Filter through the best rough filter available, a g., 
army aervlce filter, Improvised tend filter, etc. 

Pollution In water may be detected and the water 
rendered safe for drinking by the following method: 
tasr nxroas tbbatmknt re nuuc. 

Instructtotu Hluse a olsan enameled Iron or 

oartbenware pint mug with tbs water to be teatod, leav¬ 
ing a few drops In the vessel. Add 9 granunee of bleach¬ 
ing powder (chloride of time, cbloro-hypochlorite of 
lime) and make Into a thin paste, rubbing It down with 
a clean stylographlc pan, penholder, pencil, or (hum or 
other similar clean rod available. Then add 600 cubic 
centlmeten or 18 ounces of water (L a., fill to within 
% Inch of the Up of the enameled mug or H Inch of the 
Up of an earthenware mag) and mix thoroughly by 
pouring Into a second mug and then back Into 1. The 
quantities Indicated below of the resulting solution may 
be used for testing purposes; the remainder la need for 
Btcrlllalni the water. Hbla solution should contain 0.00 
of available chlorine. 

fmtractUnu II.— Now 0U four pint mugs to within 
Vi Inch of the top with the Water to be tsetod. Than 
allow the bleaching powder solution to rim In a pipette 
graduated to contain 0.U cubic centimeter to the mark j 
wipe the outride of the ptpgtta aud Mow .the ooe tents 
into one of the toor mags of water to be tariad. Add 
two rimllar charges of the pipette to a agtond at Omm 
mugs, three charges to a third, and tour charge* to a 
fourth. In each case mixing thoroughly (as under In- 
atroetioc* I), and allow to rt*ad for 10 m 
into another clean mug crumble * email t* 
of potassium; also after powdering, in the at 


■ tablet of aolubls or beUgd (torch, and par Into « tog 
water from S, and mis bp pouring be*wvd »d to* 
the Mm, AM iodMi at 
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chlorine than wu rnirw —rj to carry oxygen to the 
organic matter and lam rmtetent argantem* baa bam 
added, and the water treated In butt u under Instroc- 
Unna III, la rendered “ante" To free the water from 
the bacillus eoU communis and trap non-apore-beartng 
pathogenetic water-borne organisms it la not neceaaary 
to add more Headline powder than la Indicated an re¬ 
quired by the teat 

/rntmoNona 111: UterilieoUon of the Water.—Should 
Mo, I give a blue, violet, or brown color (beat seen by 
daylight) the eontmta of cap 1 may be divided Into two 
equal parte, each of which la anffletent to aterlllm 110- 
1» gallons of water. Dtetrllmte tbS» amount, pouring 
aqnal qnantltlm Into moh of tba four dtrlalona of the 
■ervtaa tenk whan It la about half Uad, and when fitted 
ellewto maud for 80 minutes. Tba water may then be 
teed flee drinking without tUtra(lon or fnrtbor tmfc 
mater. ttMM Mow * give no odor, bat Mo. 4 booooe 
Wwe, add tba whole of the ooc teeta of Mo. 1 to 110-130 
gaaono, distributing In the team way tad rtndng tba 
teas OtVeml them ao aa to waah Into the teak the 
*wfctet «t the bleaching powder, noted Mow 4 give no 
0k bW«i IMootae Ho* dlaeoly* a moend oterlBn 
toiW** -A*.. if g ramm as of bleaching powder) gad 


add half of It along with the content! of Mo. 1 to the 
110-130 gallon tank. Should No. B give no color, bat 
No. 8 become bine, add the whole of the content! of tho 
two tnbm “A” to 110-120 gallons. In each cane allow 
the water to atend for 20 minutes before burning H for 
drinking. Should No. 6 give no color the water should 
be regarded aa highly polluted, and aa palntihlllty la a 
matter of acme Importance it ahould be boiled. By the 
addition of more bleaching powder, however, up to 6 or 
8 gramme# per 110-120 gaIlona It may be rendered In¬ 
nocuous, though In tome each cases It way lie less pala¬ 
table. 

N. B. (1) The great advantage of this method la that 
It la not neceamry to await the result of a bacteriolog¬ 
ical examination. The amount of bleaoblng powder re¬ 
quired to render the water safe for drinking purposes 
may be determined in 90 minutes. Where a new or a 
variable water baa to be used, this la a matter of prime 
Importance. 

(9) Other advantages are that with the exception of 
the ptpette no special apparatus la required, and that as 
the tern* notation la used for both testing and atertlta- 
lag any flail In the available chlorine content of the 
tearlUdag powder is equaflaed by a similar fall In the 


test solution, and the need for the addition of more 
sterilising powder at once Indicated. 

(8) If for any rcaaon the supply of standard sterilis¬ 
ing tubes sbonld fall It will be found that three rimes 
as much fresh, clean, dry, loose bleaching powder 
(which should contain 38 per cent of available chlorine) 
as can be lifted on a sixpenny piece gras|ied between 
Um thumb nail and the Up of tho Amt Anger and nsed 
as a spoon weighs 2 grammes and corresponds to tho 
amount contained In one of the standard sterilising 
tubes. 

(4) A rough test of the condition of tbe water to 
which Matching powder has been added may be made 
by taking a cupful of water from the tank 1A minutes 
after the addition of the sterilising powder, dbwdvlng 
In It one each of the tablets “R” and “C” (starch and 
Kl) and mixing thoroughly. Should uo color appear 
add another charge to the tenk, and again apply the 
rough teat 

(B) A treated water to be “sate” should, at the end 
of 15 minutes, always give a blue “reaction" on tbe 
addition of the tablets “H” and “C." 

This method may also be used for tbe testing and 
BterlUmtioa of tbe water-supplies of smell m»i. M ih. 
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Gas and Steam Engines and the Turbine* ' 

Cost of Operation, Investment and Depreciation at Blast Furnaces and Steel Works 


I'ktii, within a few year* only urn- ly|« of prime 
mm it was i moil at Plant funisi-vs, nlool works amt 
rolling uiIIIh— tlio strain engine, Put wltlilu that time 
lli<> dram turbine and the gas engine hare forged ahead 
til a IremeiKliaiH |aice. For a while they threatened 
lhe Kteuui engine with extlnetlou, aa tl\e turbine conk! 
get ulong with half nnd the gna engine with a third of 
the heat eonaumiilliHi nipilnil for fairly goial engine* 
a few year* ago. There la no doubt ttuit the strain prac- 
lliv at nleel work* and liluat furnaeea, pnrtloulnrly the 
latter, n few ycara ago wn* nlinoat na had a* could be. 
In aptte or the faet that 10 |ier cent of the go* I* suf¬ 
ficient to hluw tlie furnace with good practice, the 
whole flO per cent not lined by stoves nnd auxiliaries 
whh frequently liisiiflhii-nt and mail hid to lie burnt 
miller tile boiler* to help out This condition persist* 
even yet Ht many plant*. 

Thin wan the condition with wldi'b the gn* engine 
and turtilne builder* made comparison* and of cuurae 
the Hliowlng wua h bad one for the old nteum euglne. 
After h while the Htenni engine builder* and the oper¬ 
ators of the plant* la-gan to mu that there were great 
IKuwUitllttoH In the use of that prime mover which tbry 
had neglected. One of the milidltliMi* hidlsfieimaPIc fur 
best economy with the tiirlilue Is xuperlieat. Thla ha* 
long Ireen known aa very bcireflclal to the steam engine, 
*1111 no one took the trouble to develop the practice 
fur that piir|MMc. Hut after It had been <Il-vcIo|n*1 for 
the tiirlilue It wua npplled In earliest to I lie *tcnm en¬ 
gine. The aaine tiling applied to coudciiHlng practice 
III a leas degree. The tiirlilue la almply loat without 
high vacua, far higher than hnd ever heen eonHldered 
for the ateam miglire, and new type* of naiilrnaer* were 
developed for It. tint till* development Nhnwcil up In 
high relief the alMirdlty of running reciprocating cn- 
glucN iion-maideiiNlng. and the Improved i*mdeii*eni wore 
applied to tlrem. with the result that no large euglire 
plant built with regard for economy I* now ever de- 
slgiied to run uou-coiHleimlng tlunigh that practice wn* 
standard In the Iron and steel bualne*s twenty year* 
ago. 

With lltcNC Improvements have gone a rapid lncmmc 
In holler pn-xsmr and a general overhauling of design*, 
mi I tin! Inrge hIchiii engines ran still eoni|*>le on (he 
lirat miMioniy IihmIn wllli turbines of mpial «l*c. On 
lire other hand what I* large for an engine I* rapidly 
coming to Ire miiiiiII for a turbine. The largest power 
engines ever built were double compound horlxontal- 
vcrtlcal* with four cylinders which were nf 0,000 hurse- 
power euch. There were live of these In nire station. 
A few months ago a single steam tiirlilue waa Installed 
III that station, started up anil put Into the line. Then 
one after the other the live engine* wen* shut clown and 
tire load of each In turn thrown on the turbine. 

In electric power development tile turtilne bus three 
va*t advantages over the steam eiiglnr. which for large 


wlrercn* tire turbine Iiiih In clfirel a single moving lairt 
with the slnipJest lamslhle motion, a uniform speed of 
rotation This lastly reduces tire au|iervlshin and or* 
ki*l> Ilf Hie Inllcr as cum|iared wltli tire former. Tldnl. 
the *1***1 of rotation of tin* engine Is llmlti*l by the 
uiiitlun of the parts to about 1(W revolutions pi*r minute 
III largo sties, which msxwdtute large anil very ex- 
Itensive geueralors fur direct counectlim tu It. wlrereas 
the S]iecd of the turbine Is from l.fflll to a,000 rrvuln 
tlnns |s*r minute and the eorrr«|iniMllng gencratora arc 
very much cheaper. 

"'lieu wo come to blowing ciurlnc*. we And the rela¬ 
tive iNMltloiiH of these two motors to Home extent re¬ 
versed. There are two systems for compressing air, the 
time honored one with cylinder, piston and valvra which 
oiierntcs hy direct pressure, and the multiple fan system 
of Imparting a tremendous velocity to the air hy ■ 
ntddly revolving ruuuer and transforming this velocity 
Into pressure by driving It through • coo verging noale. 

• Prom an address oa "Hodera Poire, Plant* la tlie tern 
Industry." delivered before the Ragtarerlag Auuclalloa nf 
the Stnte rnllege of IVuneylvinl*. RepaldUhcd from The 


By J. E. Johnson, Jr. 

Tire velocity and pfpsaore which we ean obtain at one 
operation are limited, but by putting several such 
fame in serins we can obtain any pressure we wish. The 
operation la tire exact opposite of that of the turbine 
with the difference that where the conversion of prw- 
sure Into velocity im which the turbine ojentat can be 
cnrrled on with very high elBdeney (above 09 per 
cent), the eisiverse operation of converting velocity Into 
pn-sHure can only be carried oo with an efficiency of 
iiliout PI per rant. 

On tire other hand, the ovur-all efficiency of the direct 
connected ns-ipracatlng Mowing engine Is extremely 
high—between Hi and DO per cent lu good practice— 
*o that tire Irest dcalgned reciprocating ateam hlowota 
under the suuie conditions as the turbine driven blower 
have a considerable advintsgc over the latter In steam 
consumption. On the other bind, the sti-aiu englno 
<*isl* a little more to Install thin tire turim-hlower, 
against which we mny set tlie fact that owing tu Its 
lower MtfttUi ixmmimpUon it requires less expenditure 
for larilcm. 

Orest uilviintagcs arc claimed for tire turbo-blower 
fire II* smooth nwl nop-pulsaUnx discharge; on the 
other hand, this I* claimed hy others to la* n positive 
disadvantage. Tbn metering action of tire posltlrr pls- 
tuii ismipresnor Is lielleTcd by many to he a very great 
advantage, while on tho other hand thla action Is 
claimed by the udvocate* nf the turhcshlower not to lie 
nearly a* accurate a* the volume control of their ma¬ 
chine. Vuu will««, therefore, that this 1* an extremely 
live ipiestlim at the pmreut lime, nnd lu some eouuiany 
It Is sranrely safe to make a positive statement on either 
side wlthimt first putting on a suit of armor. 

For driving rotling mills the conditions oro different 
from either of the others. The largest mills handling 
lire huge lngi*s In their original shape are known as 
"liliKimlng mills" and these, for reasons for which wo 
m**l not atop to consider here, generally have to run 
In both direct Iona to drive tho piece I sick and forth 
through the rolls; and as these mills are geared directly 
to the engine It must ho nf tlie reversing type. Here 
the strain engine lakes tho first poslttou, with nu sec¬ 
ond, since It is the only prime mover which can be 
reversed at all. let alone at Intervals of literally ii scc- 

Sihiii* nf these engines are triumphs of the engine 
liulliler's art and are among the must powerful built, 
having two iwlra of tandem cyllialers 46 Inches anil 
70 Inches In dlHmctcr hy MMnch stroke, running con¬ 
densing with a steam pressure nf 190 pounds and up to 
179 revolutions. These are reversed from full speed In 
one direction to full speed In another In three or four 
srauuds. In spite of the vast weight of their reciprocat¬ 
ing iiarts. The shocks are such is no machine should 
la* called on to stand, bat they do It and *o far no way 
Iiiih Iicoii devclotred to meet some comlltlon* as well na 
this tyire of mill und engine, though I have hopes. Fur 
iiiHi-revcrsliig mills direct geared turbines und gn* en¬ 
gine* have ocrasliHiiilly been npplhsl, but 111 tire rant 
majority of casra *t*«m engines are used or else electric 

The double truusformatlon of energy luvulrml In thu 
His-trle drive la expensive In fuel cost aw) what Is 
much more linisirtaut It U very expeustvc lu first 
crat, and It Is rather surprising that more lias not boen 
done In the designing of non-reversing mills direct 
geared to the gas engine, and especially to tire steam 
turbine, slmi* the latter luu a high efficiency throutfi a 
wide range of loads, or, aa wo aay, a Bat ateam consump¬ 
tion curve, which Is very Important In highly Intermit¬ 
tent work like that of rolling mills. I believe that a 
(xaiKlderahle development will tako plooe In thla Held In 
the not distant future. 

This motor, aa you well know, works an a totally 
different principle from either of tho other* and has 
consequently very different characteristics. It Is not 
cnpable of much change In speed and Its economy drops 
very rapidly as the load falls off, largely becaoee the 
friction of the engine Is very high and Is almost con¬ 
stant Irrespective of the load, so that a friction of 90 
per cent at full load means one of 40 per mat at half 
load, and so on. 

This type of angloe to also capable of carrying only 
very slight overloads; that 1* to say, Its mom economical 
load Is Its maxim am load, and any overload capacity 
I* secured only at the expense of economy (nd it tho 
prlra of buying » larger mglM. In these respects it la 
at a great disadvantage t» compered with either the 
steam engine or tbf turMno, both of which hare l large 


overload capacity which extends far beyond their abet 
economical load. On the other hand, tha gta 
cats out entirely the holler, and above all It hoa g teat 
coanuniittoa only about two-thirds or three fourths qf 
that of the beet stsam plant*. 

It waa at one time atsppoaed that thla fact TO des¬ 
tined to make the (U engine the preferred prime mover 
Air all electric power work; hot other comdderutioaa 
came lu and thla expectation has not bean realised, tad 
ware nf the best gas engine man admit that where ooal 
Is the fuel used tt» day of realisation bos beau Indefin¬ 
itely deferred. 

Ires ring oat af cocslderatloc altogether tha question 
of first cost and capital charges tor the present, let na 
consider only the operation. Before coal aao be used 
fur gas engines It must he gasified In a gas producer, 
an npparatna haring an efficiency when drilraring cold 
gas (which a go* engine must have) af W to 90 per 
cent, which la almost the acme aa that of a well de¬ 
signed and operated boiler plant On that basil the two 
are oven; hut while coat may be burnt under boUgr* 
for a few ceuta a ton, aay 18 cents, In largs plants. It 
rannat lie gasified for much lees than 45 cents and 
often 90 cents. 

Now, tlie cOdeudee of the producer and tha boiler 
irelng almost the nine, the fuel consumed will be In 
tire same rate aa the heat consumption of the two mo¬ 
tors themselves; My, as a liberal figure. 14,000 British 
thermal units for tho tnrblno and 12,100 for the gas 
euglne, B ratio of l.IT to 1. Then If the coal coat 51 
delivered. Its rent burnt under hollers Is *1.15 and gad- 
fled *1.49. The fuel cost la proportional; therefore It In 
*1.15 X 1.17 =* $1,14 for the steam turbine and *1,45 
for the gas engine. That Is, the boat units used by 
the gas engine arc lean, but the money cost of fuel to 
more. 

Thla to all baaed on full load conditions; and while 
the oust fur both goes np very rapidly Air lighter loads, 
owing to the flatter beat consumption curve of the tor 
Mire and It* small relative site owing to Its much 
greater overload capacity. Its beat consumption rises 
much more slowly, and as to the use factor In public 
service work to shoot f» to 40 per cent It will be perfect¬ 
ly obvious that the advantage of the turbine over tire 
gas engine will be much greater In the average than 
It Is at maximum load, even In the heat unit basis. 
Of course, as the coat of coal rises the case becomes 
more favorable for tho gas engine at foil load, but It 1* 
very doubtful If under any ordinary commercial condi¬ 
tions Its practical economy In the average to modi high¬ 
er than that of the turbine. 

When we come to the Iron industry we come to a 
different condition, very much more favorable to the 
gas engine. This to that the fuel to be used to already 
gasified by the blast furnace, thla gas being In fart 
almost mi Ideal fuel for gas engines, and they are there¬ 
fore entirely freed from any change or loss of bait for 
gasification, except that the sensible beat of the gas. 
fi to a per cent In good practice, must be sacrificed to fit 
tire gas for gas engine use. 

The steam plant on tho other hand to under the necea- 
sity of burning this gas under boflers with the same 
losses ns orcur In coal firing, except that tha labor coot 
la very small. In the post the economy of furnace holl¬ 
ers has been extremely poor. I hare tented boilers 
when* It won down to 50 per cent and 00 per cent was- 
alreut average practice until quite recently; but Just at 
the present time this subject to receiving great atten¬ 
tion and hollers ore being operated at an efficiency of 
70 to 80 per cent In regular work. In thla ooaa 6m fan- 
load fuel consumptions ore propoptionaj to ^ - 0.00 
and 1.00 - DDT - WB, or 1 to 1.41. wtth the further 
advantage that the gas engine to enab l ed $t> dtopseae 
with one whole operation and Ha attoodont both#-— 
the gasification of tlie coal. Momtvar. thecae angtoa 
ha* In this eerrliw a further great advantage. THa Me 
factor to about 80 per cant for electric oarrica to the 
steel industry, while for Mowing engines It to aeatiff. 
80 par cent 

Why, then, an there regtnre oat to ntivsnol Na to. 
sorb plants? Hare we ease to the ami mOk to Urn 
weoonnt We hare MAorto oaH MM* of «ototam- 
ttre labor mats find of mpttot ctorgm. fo fogvd to 
me former fog g*a eugtoe hoe bod a bad/haa* Tha 


drams to th.j*TOww»freqMN ahd sretoNwWMttto 
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fvftA upetrtntaty with which a nan started out 
oo aa anto fe oMI e trip tap or twelve yean ago, not 
Khowteg When or how se would retara, and consider 
oar prraent entire disregard of this as an Important 
factor, you win admit that many of the defect* of that 
, type of motor have been removed and that Iti reliability 


‘ now falrly challenge* that of the 


ditfc« which ia rapidly becoming, If It has not already 


sriag. Nererthetara, the number of parts and variety 
of tMr Movements la vastly greater lu this an glee 
than la the turbine, and the coet of anpervlslon and 
otfaratte la corraapopdlngly greater. Bat leaving this 
question for a few mtnntee let us torn to that of capital 


These are made up of straiebt interest and an addi¬ 
tional percentage on the Investment which Is set aside 
end saved at compound interest, so that at the end of 
the reasonable life of the plant we may have a sum In 
the hank equal to the original Investment, with which 
we can ettbsr pay off tbe Investor or boy a new plant 
Any operation which figure* Its costs on any other 
basis will probably go broke, and certainly ought to. 
live per oat at compound Interest will equal the prin¬ 
cipal In about 14 yean, which la about all the life we 
have a right to export from a power plant. If It Is not 
worn out In that time, it has most likely been designed 
off the map; that is, later Improvements will have 
made It commercially undesirable to operate any longer, 
even though It be not nearly worn out 
This B per cant added to 7 per cent of tbe Interest 
rate which most be figured on Industrial plants, gives 
ua 12 par cent capital charges over and above all oper¬ 
ating coats of every kind. This Is a minimum figure for 
plants of this kind. Make no mistake. These nre not 
bookkeeping figures, aiul the shores of commercial his¬ 
tory are oovered with the wrerlts of plants which failed 
to provide for these charges. No sensible business man 
will put money Into a property which cannot figure on 
this basis and still show a profit 
We see, then, that tbe annual cast of power Is made 
up of fuel, labor and one eighth of the coat of the plant 
Let me most rate this: I know of s plant where a 
furnace la blown with two gas blowing engines which 
cost flOT.OOO apiece, and which with foundation, house, 
crane and gas cleaning apparatus and connection* erect- 
ed complete, did not cost less than *275,000. They de 
velop together about 2.BOO borne-power, or a cost of 
*110 jier horse-power Installed. Coal of 14.000 British 
thermal units In this region costs about *1 at the plant 
Htoam engines of tbe heat type, with their boilers and 
all accessories complete could have been Installed for 
*6B per horse-power. These engines would have re¬ 
quired certainly not to exceed 18,000 British thermal 
units per horse-power hour, delivered to the lulier, 
while the gas engines may get along on 12,000. Count¬ 
ing 8,780 hours per year, the loss per year is 6,000 X 
8.780 - 52.680,000 British thermal unite. That Is a 
tremendous amount of British thermal units, lent it? 
But how much money Is It? One ton of coal cost fired, 
nay, *1.15 and contains 2^40 X 14.000 - 81,800,000 
British thermal units. In other words It would require 
lit tone of ooal per horse-power year to make np the 
steam plant's defldonrlea, or any *2 worth. 

Tbe difference In fixed charges, on the other hand, 
are 12 per cent of (110 — 55) — *6.60. or a net loss of 
*4.00 per hone-power year by tbe nac of the gas engine 
with 100 per cent use factor. On the other hand, gas 
blowing engines are now being built which can be In¬ 
stalled for *75 per horsepower, and If these were need 
In a region where coal coot *2J0 per ton, tbe coat of 
make-up coal would be *4.20, and tbe fixed charges In 
Increased Investment would be 12 (75 - 55) - *2.40, 
or a difference of *1.80 in favor of the gas engine under 
those conditions. This la 0 per aent on the additional 
capital required for the gas engine and might be con¬ 
sidered a paying, though by no means a startling Invest¬ 
ment ffoc. owing to the uncertainties of industrial 
Saratoga, Investors are not commonly Interested In them 
unless they can sea a manufacturing profit of about 15 
per cent and It la obvious that any additional expend !■ 
JUfte required should show this amount or over, to be 
JnvtUMd. In this csss the amount i* T per cent interest 
and * per cent net earing, or 16 per cent In aa It is 
right la tide range eg oenUttaa that it begins to be 


■opfl bntinam to install gas Moping raglnee, though 
aora* Mttoritte wonld lariat Oat at least 2 to 8 per 
drat larger capital chargee shosld be aeraraed against 
tfcp^p*£4J>|lne fiti neeocmt * it* high rata e< physical 

’L Topdag new to the fitatantto at electric powar, ws 
^^MpndUfcto ^ braaara ws have 

,tti *§.-**» tide the tntoe wtth foe dtrset rotary 


for these condition* wo may take cost* of *70 and 
*50, respectively, per kilowatt Installed, and beat con¬ 
sumption per horeopower of 12^00 + 00 =■ 18^00 Brit¬ 
ish thermal units tier horse-power for the ga* en¬ 
gine, and 

!2A» X0.80 
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per borsa-liower for the turbine, or 17,700 and 21,750 
per kilowatt hone-power, rwpertlvely. The use factor 
Is much lower In electric service than It 1* in blowing 
engine service. If we take 00 per cent wc shall be 
liberal. This mean* that on aecouut of peak loads, for 
which It la necessary to provide, the plant In the count* 
of a year will only put out 00 per cent of Us maximum 
rated power. This factor varies very much lu different 
work*, hut Is higher in all of them than In public serv¬ 
ice plant*. Tho heat consumptions are about what may 
la- expected nnder such condition* of loading, and are 
not altered hy Ibi* condition, and neither are tbe cost*, 
but the rotations of these two are profoundly altered. 
The excess thermnl unit* per kilowatt year at full rated 
capacity for tho turbine above those for tho ga* engine 
are 8,780 X (21,750 — 17,800) 38,071,000; and the 

coal to *upply this at 81.000,000 Brltiidi thermal unit* 
per ton 1* 120 Lons at *2/10 per ton, This 1* worth 
*8.10, but the use factor 1* only 60 per cent, *0 only 
60 per cent n* much i-onl I* required for make-up, and 
the VHlue drops to *1.90, while the fixed cliarge* Hrc 
12 X (70 — 50) ■= *2,40. In other words, In such a 
ease tho saving In coal would not pay all the capital 
churgv* on tho Increased Investment, which therefore 
would Is- a had one. Moreover, while the cost of labor 
Hint supervision for gaa blower* may he no greater 
than that for Ntcaui engines mill hitlers together, un¬ 
doubtedly their cost for gu*-driven generator* 1* gn-nt- 
er Ihnn it 1* for *tenm turbine* hihI taillcr*. Hiid this In¬ 
creased cost would further throw the scale agnln*t the 
ga* engine. But a* tho cost of cool rise* conditions are 
retn-hed under which the gn* engine pay*, while ** 11* 
flr*l cast fall* tile fixed charge* rail also anil tend to 
make Its employment sound from the tins In** point of 
view. 

You will see now, I lliluk,, why John Boo In Tyrone, 
where i-oal Is eheop, m*y he a fool to do whnl hn* 1*1 Id 
Kh-hard Hue well In Boston, where coal 1* dear, and 
the engine that is the miwt economical of coal mnj 
he far the moat wasteful of dollars. A recognition or 
this most be nt the bonis of all sound engineering and 
the fact that It 1* not always realised by englneerH has 
done more to deprive them of the standing In the busi¬ 
ness which they should have thau any other one thing. 

Salt and Its Relation to Nutrition* 

Common salt I* a commodity, the annual production 
of which 1* known to exceed 12,000,00(1 ton*. Of this 
bilge total a large share is lined a* a preservative orolluir- 
wise employed in Industry, yet an immense quantity is 
delilieratoly added to the diet of mankind. It is said 
that an individual consumption of 20 gramme* a day i* 
not unusual. Thl* average, sustained for a year, would 
amount to about 17 pounds. The ration appears sur¬ 
prisingly large when we observe that it may be as much 
ss one quarter of tlie total weight of protein taken and 
equal to one twelfth of the combined starch and sugar 
which constitute our main dependence for running the 
human engine. 

It i* agreed by all writeri on the subject of nutrition 
that only a small part of this salt nonsumption Is neces¬ 
sary. The rest is dictated by appetite; it is due to the 
common liking for tho salty flavor. Individual* are found 
who do not earo for this and who are said to eat no salt. 
This moans that they use none voluntarily at tabic and 
perhaps direct that none shall be used in the kitchen. 
Yet they continue to receive a small salt ration bocauso 
•onto is present in most foods and there is reason to be¬ 
lieve that this minimal supply cannot be dispensed with. 
Sodium ohtoride is the chief salt In the hlood and in the 
other fluids of the body. It Is aooordingiy plain that 
growth cannot be continued unless this compound is 
furnished along with tha other neoeesary nutrients. 

When fall stature is reached the need for salt is doubt- 
lees diminished. It might oease entirely if it were possi¬ 
ble to avoid all loss of nit in the excretions. This 
possibility ia nearly but not quite realised. When a man 
fasts for several days the escape of sodium chloride from 
his system rinks to a low level but remains appreciable. 
It may be in the vicinity at 0.5 gramme in the 24 hours. 
In complete starvation this gradual lots Is probably 
pot out of proportion to the general reduction of weight. 
Heaee it does not lead to an actual towering of the per¬ 
centage of rail in tbs body. A diet sufficient in all other 
respects, bat looking salt, might bring to para such 
a lowering. 


Ona interesting result of using a salt-free diet has been 
observed in the failure of tbe glands of tha stomach to 



tion and antagonist of putrefaction must Is- evolved 
from the chlorides of tho blood. Apparently it in not 
secreted when the concentration of those suhslaneoN 
in tho blood is at all below the normal and this in spite 
of tho fact that the chlorine ions of Hie gastric juiou 
can prolwhly he recovered quite suuoctwfully. The 
suggestion has been made that restriction of salt should 
be beueflcial in case* wliere gastric acidity is oxeossivu. 

Bunge, all Austrian physiologist, has collected a great 
volume of data concerning tlui habits of different races 
a* to the use of salt. It is evident that Home people 
set a high value upon it while others do not care for It 
at all. Whi>re it i* prized it ha* often figured in maxim* 
and metaphors. ‘‘To earn one's salt" is a familiar 
phrase which gains point from the common origin of 
the words "sail" and “salary.” Bunge learned that a 
certain Hast Indian Irils- used as tlm most solemn oath 
in their court pro**-ilure the formula, "May I never 
taste salt again if I *|>eak not the troth ” 

A little investigation shows that tho desire In add salt 
to the fntsl is experienced most hy those who are vege¬ 
tarians nr nearly so. Men who are strictly carnivorous 
abhor salt. Thus it was found by the agents of the 
Kushisii government that the natives of Kamchatka 
could nut Imi prevailed u|K>n to salt I lie fish which 
formed their entire diet. Tho supply of ll*h was uncer¬ 
tain and tliat which was savod to eat in the long intervals 
Is-lwis-n catches dooomposod in *hallow pits. Still it 
was preferred to salt fish. Wc notice tho same detesta¬ 
tion of salt among carnivorous animal*. 

The Arctic explorer tttefansson ha* recently reported 
a sinking instance of the objection to salt which ac¬ 
companies the use of a flesh diet. The Eskimo, whom 
he knows so well, have little vegetable fmid When he 
settled among them he was cmlstrrusscd by their demand* 
ii|K>n his hospitality. Policy diet sled that lie offer them 
food on all occasion* but there was every prospect tliat 
his store* would bo rapidly depleted. The situation 
was relieved by a simple device. It was only necessary 
to salt the food moderately—merely to his own liking— 
to deter his visitors from making inroad* ii|sm it. Tim 
requirements of courtesy were *alisfli*l and the pro¬ 
vision* were ixinscrvcd. 

When a sample of food i* burned os completely a* 
jHissible the mineral constituent* remain as ash. Chem¬ 
ical analysis of this ash loads to very different findings 
In the ease or different food*. Several acid* Mini bnses 
will always be found. Wc will consider only the oeour- 
rence of sodium and potassium Tin- ratio between tho 
quantities of these two haw* 1* widely varied, tlumgh 
in the great majority of instances potassium is llm more 
abundant. In animal food* tho disparity is not marked 
bill in most vegetable substances it is striking. For ex¬ 
ample, the proportion of |*ita*smm to sodium in meat 
(veal) is 4 to 1, while in potato it is more than 30 to 1. 

Can we nssignixo a causal eonncotiim betwoon the 
excess of potassium in a vegetable diet and tlm craving 
for sodium uhlorido which is nltcuilanl on the use of 
sueh a diet? Bunge maintain* that we ean. Hi* ex¬ 
planation lias lss-n criticised in detail but is probably 
valid in its main thesis. Thu absorption into the blood 
of a quantity of salts, unlike those normally present 
then-, imjMswis upon tlxo kidney* tho duty of restoring 
standard conditions. If tho chief demand is for the re¬ 
moval of potassium compound* tho task will soon bo 
acoompllshod. But this will not lie done without a con¬ 
siderable Ions of sodium chloride. It would be remark¬ 
able. indood, if the kidney cells could select all the foreign 
ions and not occasionally lot slip some of tho muoh 
more numerous native ones. 

Bunge wa* able to demonstrate, upon himself, the 
foot that an excessive intake of potassium salts does load 
to a loss of sodium chloride. Ho swallowed a* muoh 
potassium phospliato and oiIrate as he could tolerate 
and subsequently excreted all the potassium —equivalent 
to 18 grammes KiO--hut simultaneously eliminated 0 
grammas of sodium chloride. Such a draft upon the 
tissues could not be oontinued indefinitely unless salt 
were supplied in corresponding amount. Bunge's per¬ 
sonal experiment was not an unreasonable one, for it Is 
calculated that when potatoes form the bulk of a man's 
ration twioe as muoh potamum may be ingested as in 
this Mat. 

There is, therefore, no doubt that salt is a neoeseary 
addition to dicta in which the ratio of potassium to so¬ 
dium b unusually high. The instinctive craving for 
it to n marvelous instance of the almost infallible oorroot- 
ness of such impulses. Bunge has reoorded the use by 
an African tribe of the ash of n certain tree as a seasoning 
for their food. Most kinds of wood rodneed to ashen 
would yield a mixture over rioh in potassium which would 
be a most undesirable adjunct to other artlolee of vege¬ 
table origin. But tbe tree in favor with these people 
was the ran exesption; its ash contained a most unusual 
proportion of sodium compounds. It is rather painful 
to fancy the tedious succession of experiments by wbieh 
the anoestors of this tribe eliminated various kindi’of 
wood, and pleasant to imagine the satisfaction realised 
whso tbe fortunate obotoe was finally made. 
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The Submarine in Naval Warfare—I* 

Problems of Design, Construction and Recent Tactical Developments 
I I By E. H. M. Robinson 


*• 


Tha United Staten aubauriae “G-l" 

When 1 accepted the Institute's invitation to address 
you, war bad not boon declared, but since lti denlaratiou 
the history of the submarine In warfare hu been in the 
making, and ao much hae happened and was likely to 
happen, bearing on my subject, that I postponed pre¬ 
paring any paper until the last minute, and so. 1 fear, 
should apologize for It. 

As an actual deeigner and builder of submarines 1 am 
fairly new at the game, though 1 have to draw on the 
accumulated experience and advice of my colleague, 
Mr. Simon Lake, one of the pioneers in the 'practical 
submarine Add. 

Most or my early oxporienco In the fleld of dmign and 
construction was with surface warships, with which I 
may claim reasonable familiarity, liavlng, during an 
eight years' tour or duty as assistant to the ehiof con¬ 
structor of the navy, supervised the design of every 
dreadnought now in commission in our service and half 
of those now building, together with numerous other 
surftioe craft of all types. 

It is, therefore, on my knowledge of the vulnerability 
of the dreadnought type to submarine attoek as much 
as on my knowledge of submarines that I must base 
my right to talk to you. 

In the beginning permit mo to say that 1 am not one 
of those who believe the submarine a cure for all naval 
Uls, or that it will supplant surface warships. 

1 am, however, and have always been, a strong ad¬ 
vocate of the submarine as one of the most powerful 
naval weapons of defence, and as possessing offensive 
qualities whioh, in the fulness of time and with the 
development of engineering science, cannot be minimized. 

The wording of my subject might imply that I ex¬ 
pected to pose as a prophet, but I should prefer, if I may, 
to show you certain facts and in most instances to allow 
you to make your own prophecy. 

Admiral Hir Percy Scott, of the Royal Navy, in his 
now famous letter to the Letidm Times of June 8th, last 
year, took the strongest possible stand for the submarines 
and, incidentally, against the battleships, concluding 
his letter with the statement: “In my opinion, as the 
motor vehicle has driven the horse from the road, so has 
the submarine driven the battleship from the tea." 

Coming as it did from <mo who had contributed so 
muoh to the development of the tiattleehlp offensive 
power, this loiter made an enormous impresrion, though 
I cann ot but believe that Admiral Soott stated the case 
somewhat more strongly than was justified or than hn 
himself really believed. 

What may very well bo the caso is that the effect of 
the submarine will be to roduoe the rapid growth In size 
and expense of the dreadnought type, now reaching 
to almoat unbearable amounts. 

The monaoe of the submarine arises, first from her 
invialbttttj, and, aeoond, from the fact of the difficulty 
of providing against tha damage which will result from 
s blow from the weapon she carries. 

Sir John Biles, 1L.D., in a raoent paper before the 
British Institute of Naval Architects, says: 

“There can be only two form* of defence: first, the 
destruction of tbs submarine by other vo we ls , sub¬ 
marines or others; aeoond, the protection of the bottom 
of the surface ship* horn tha effort of under-water attack. 
Tbs first, the destruction of the submarine, is obviously 
not the work of a battleship or large cruiser, but must 
be Uf t to some vessel of the same order of sixo as the 
submarine. This destruction must be sought On the 
surface when tho submarine la not submerged, for it 
seems Improbable that a submarine will be able to chase 




another effectively under the water. In any case, the 
submarine will be dangerous to the large surfaoe ships 
until It Is destroyed, and, as the means of destruction 
arc not yet certainly at hand, the question of effectively 
protecting the battleship against under-water attack 
seems to bo deserving of consideration, unless some one 
is ready with a real reply to the submarine." 

A great deal of attention has been given by naval 
architects to providing, in the dreadnoughts, protoutiun 
against the automobile torpedo, with astonishingly small 
■uaoest up to the present time. 

I personally straggled with this question for a good 
many years, and I believe, without oonoeit, that the 
United States has to-day aa good a solution as hu yet 
lieen obtained, but oven that is by no means perfect. 

Kor a ship at anchor a reasonable protection against 
the possibility of damage from the automobile torpedo 
may be obtained by the use of torpedo nets, although 
the development of the net cutter, attached to the tor¬ 
pedo's nose, hu made even this uncertain. It is almo st 
impossible to use a torpedo net on a ship under way. 
In the first place, it enormously decrease* the speed and 
handineu and enormously inaraases the fuel consump¬ 
tion of the vessel wearing the net, and, hi the second 
place, the marc fact that the vessel is under way causes 
the bottom of the net to riu to the surfaoe and thereby 
largely does away with the advantage of the net. 

This being the case, the only r emaining possibility 
Is to include within the structure of the veenl Itself 
provision against damage by attack from a torpedo. 
Unfortunately, it la much easier to increase the power 
of the torpedo then It Is to Increase the defensive pro¬ 
tection built into the hull of the dreadnought, with the 
result that, if any given class of wnfaee ship has protec¬ 
tion against the then existing torpedo, It is tajfiy way 
to vitiate the value 1f this protection by Increasing the 
power of the torpedo. 

Briefly, the prov ti tocs which may be embodied in the 
derign of a ship against the damage of the torpedo mm- 


ruaalag full speed at the surface. 


prise under-water armor, additional oompartmentlng, 
and compressed-air installation for localising the Inflow 
of water. The under-water armor, on the faee of it, 
looks like a good solution of the problem, but, as a matter 
of fact. It Is of very little use to put under-water armor 
on the external hull of the ship. A torpedo axploelon 
has a crushing effect, which results In tewing the riveted 
joints. The rivets seem to bo attacked In detail, and an 
inenwse in the amount of metal applied externally dota 
not do away with the necessity for riveted joints, and. 

If under-water armor were put on the ship In the wyt 
manner as the above-water armor, there would be no 
connection at tbo joints, since the armor above water 
Is stmp'y plastered up against a hacking plate. 

Careful and minute oompartmentlng, of course, oovers 
a large number of powtbUitiM, but provides only agninst 
the damage done by the torpedo in localising the affect 

The oompressed-air installation is a means of pre¬ 
venting water entering the body of the ship In too large 
volumes as the result of any damage done by a torpedo. 

It hu to be specially applied, utilizing what la —ll~t 
the “backing up" method, using pressure in thfc adjacent 
compartments of varying degrees so u not to damage 
tho ship's structure by the air-pressure. 

The heat solution of the problem is a combination of 
the three methods referred to above: 

Proper oompartmentlng—and by this I mran some¬ 
thing different from the time-honored system In use In 
the older days—under-water armor not located on the 
external hull of the ship and ao designed as to give a max¬ 
imum strength to the structure of the ship, and a grad¬ 
uated oompressed-air installation for ohooking the watw 
after It gets Into- oertaln compartments whioh canno t 
be prevented. 

There are several essential featurae in designing a 
surfaoe ship and in providing these anti-torpedo protec¬ 
tive features which must bs looked out for. The p rincipal 
among these is the effoot on the longitudinal or trant- 
varse trim of the vessel, from water getting into one or 
more oompartments. The question of loi«itudinal trim 
Is ordinarily not u important u transverse, and provi¬ 
sion may be made, and hu been made, far balaaotng 
transverse trim or list by admitting a rinin»e amount of 
water on the opposite side to that damag ed . This 
course results in a greater rinkags and oonaeqnent re¬ 
duction in speed and mfety of the vessel, but, when a 
balancing system Is properly arranged In itbm 

with the defensive meins mentioned above; It should 
probably remit In the ultimate salvage of the ship, 
although her value u a fighting unit titter the damage 
from the torpedo would probably be Utile or nothhw 
for tha time being. 

The British endmn "Abooktr,” “Oremy," and 
“Hogue,” whioh were sunk by the Osrmea mhmwlne 
"U-0," were, of course, not drips of the mo«t modsrn 
type. They, however, n p »—it a very amaUent type 
of drip of some lfi yaws ago, and tho fact that soak of 
them sank a* the remit of a blow Cram a tingle torpedo . 
indicates plainly enough the fact that a drip of tugy 
Uttia age man become, practically out of It wheostibjset 
to the danger ef submarine attack. 

The mors reseat tinktog of tha drafteoght “And*- 
dous" brings tirie thought mors toroefuSy to ear mtota. 

The submarine, ah youkncrr. ls not at aS a new Use; 
in fact, some very saselisnt eoneepticos of submarines 
are quits old. Any on. dsdriag to fatten* tide fast . 
has but to read the interesting awl enmplrii work Ms 
"Submarine Navigate,* fey Ate W. Bttrasyne, wfe* . 
nhawam the ratestypes «f etesriampftfoto i #■." 


* Journal Of Um Franklin I mil to to. 
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Successful submarine attack at cloee range. 

pMaaaHaaaBMMKaHa. lwiw>yoln engines, of which several types have been 

I used. None of thoan nut be mid to be perfect yet, but 

great improvements liave been made and an still making. 

The high prnanma and temperatnree that occur in 
tho Dioeel engine result in stresses tliat are serious, and 
tho high speed and mmparatively light construction 
that must bo olilamod in submarine engines give a clianon 
for trouble that might not oxiat in a slow-going Installa¬ 
tion. 

BTOBAO* SATTSHT SLANT. 

The safety and suecem of the attack of a submarine 
dopend to a great extent on her ability to approach the 
enemy while submerged and to remain submerged for a 
long whilo. In a high-** engagement the enemy's 
fleet may naturally be assumed to be under way at some 
speed, so that the development of the sea-going type, 
to which some reference will be made later, will logically 
include some Increased submerged speed and considerable 
increased submerged radius for maneuvering ill the 
vlelnlty of tho enemy for a long period. 

Increased submerged speed anil inoroasod radius of 
action submerged will makn tho batteries proportion¬ 
ately larger than are at present used. 

In the ease of the sea-going tyjw of submarine the de¬ 
sign of the storage battery requires study in order to 
get tho battery host adapted to obtain the maximum 
speed submerged and tho greatest radius of action along 
wi h a reasonable length of life. 

ILECTHIO PKOrUiaiON ON TBS 8UBPACE. 

Owing to the mechanical difficulties involved in large 
reversible Diesel engine plants, it may be found advisable 
to design for a purely electrical propulsion—surface as 
well as submerged —using Dtesol-drivon generating sets, 
or turbino-drivon generating sots driving motors on tho 
surface. Tho present difficulty in tho way of such in¬ 
stallation Is the aise of diroot-eurront motors required 
for constant duty on the surface. 

To save spaoe and weight, voltage up to 500 volts 
would suggest itself is feasible, or, as a compromise, to 
use 500 volts for surface running and 250 volts when run¬ 
ning submerged, which would involvo practically the 
same voltage as at present used on submarines. 

Tho doc trio propulsion would Involve one or more 
Obeerrlsg by means of the periscope. direct-current generating plants, and the propeller shafts 




undertaken by all manner of people since before the 
hagtimlng of the Christian era. 

The list of inventors includes men of all nationalities 
and (Torn all walks of life: doctors, olergymon, lawyers, 
military men, and mechanics. 

Soma of tits projects were absurd, many wore nevor 
undertaken, but others had excellent Ideas, and wore 
perfectly practicable, except in one essential particular: 
a proper prime mover for propelling and auxiliary power. 

The early boats were, of course, propelled by hand, 
no other power being then known, and it takes little 
Imagination to understand how laborious this was and 
how little speed or control oould be expected from a 
craft so propelled. 

It was not until steam had been used as a motivo power 
In surface ships for many yean that a really operable 
submarine was produced, and not until the development 
of tha internal-combustion engine and the storage battery 
that the submarine beoaroe the well-developed Instru¬ 
ment that we know to-day. 

Strangely enough, there has been of late a return from 
the internal-combustion engine to steam in certain In¬ 
stance* for surface propulsion, but so far the storage 
battery hold* undisputed sway as a source of power for 
under-water work. 

The submarine at present must carry two entirely 
distinct and separate sources of power, one for surface 
work and one for submerged work, and the storage bat¬ 
tery per unit of power Is very heavy. 

I have kept before me for yean a sign that reads: 
“The man who says a thing is impossible Is apt to ba In¬ 
terrupted by aomebody doing it." Bo I shall not say 
that any means of under-water propulsion other than 
storage batteries Is lmpmotlonble, but at the present 
time no other practicable means is apparent, and it is 
this very bet that is the greatest restriction confronting 
the submarine designers and builders. 

The essential features of any submarine from a 
military point of view an surface speed, surboe radius, 
submerged speed, submerged radius, and armament 
surfacs nonuior. 

The early suooosrful submarines had gasoline engine*. 
These wen later superseded by heavy oQ engines of the 
Dtoulsyde flrst,four-oyoleengines,and, morereeectiy, 


Leagitadiaal sortie* through a typical German sabmtriae. 
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1W 8ner-DmdM>a«hl 
tftp Interne* ot H. M. a ‘Qdm laiMbeth" 00 tba 
iniififtra of the Alltos’ attack ce the Dvd*nellr«i fort* 
tap) firpn the oMf te trace to the advoaataa of smaller 
WpWW In the rery early day* of the war we stated 
thk* fctaaaf the problem* that had faced Military and 
natal epgjoeera during the many years that they wen 
building Material which was never tasted In hostile 
en»nttnaa, the areataet ot aU naval problems—the 
daeilhwuhte vacsos White ahlpe—would be settled. 
We bum) admit that at that due we expected the great 
test te be Made la a general fleet action, and In the ah- 
eraea so far ot that ultimata trial. It Is still open for 
Uw advocate* of the smaller vowels with mixed anna* 


mors than ordinary Interest st the present moment and 
we quote It in full: “One of the most Important do- 
cisloos that the Admiralty have had to take for many 
yean su the advance from the munch gun to 
the 15-loch gun, Two years ago we knew that other 
countries had already decided, and had actually begun, 
In sorae cases, to adopt a nundier of more iiowertul 
weapons than we possessed In the lilA-luch gun. In 
tba ‘‘Queen Elisabeth" type we wished also to have 
exceptional sliced without any liws of gun tower or 
protection or undue Increase In displacement. Wc had 
thus to give up one of the Hve turret* to Hud room for 
the extra boiler power, and In order to malnlaln our 
gun jwwer we lmd to Increauc the ouIIIkt of flic guns. 



qntknrt proflls aad dock plan of snprr-dreadnaaght “Qaraa Hliabelh," showing guns and armor plalr. 


ment to claim that the decision Is not Unal. Rut they 
must be very determined oppoueuta Indeed who refuse 
to —I *" 11 that the dreadnought battltwhlps and cruisers 
haw fully Justified the advisers of the Admiralty In 
their dsoUlon to build them. Tho "Queen BlUabetb" 
baa, however, given us all a surprise, not ouly by her 
sodden appearance In an unexpected quarter, but by the 
effect she has produced. In all discussions we have 
heard, and In moat wo have read, on the relative value 
of the Up and the medium-wised haul (whip, the Imsl* 
of comparison has always been two hostile vessel* or 
fleet* In pctlou; attention has rarely, if ever, been 
directed to the attack on permanent land defemx*. It 
was either tacitly assumed that a fleet would always 
have to rpn the gauntlet ot a general action liefurc 
an attack on shore defences coold be attempted, or Ad¬ 
miral Mahan’* dictum, that a fort could always heat a 
whip ot equal monetary value, had lawn carried further 
than the author Intended. In the llrst alternative, com- 
petitfeu w)th enemy ships was the criterion, and a* the 
question id the attack on forts was dependent upon the 
power of a fleet to destroy Its opponent on the high seas. 
It was neglected as of only secondary Importance. The 
*econd alternative, that powerful forts could not he 
soo t lawf ully attacked, has presented the. revelation of 
the war, doth on land and sea. and It la hardly surpris¬ 
ing that U eacaped attenthm. Until the Hermans showed 
n* what oould be done against great fortresses It was 
the general belief—as much, no doubt. In flermany ns 
In other countries—that such defences could hold out 
for long periods. Until the allied fleet, with enormous 
guna of logs range aiming Into the blue, under the direc¬ 
tion of aeroplanes and watching ships, effected the de- 
"tructiun the fort* In the Dardanelles, no one had 
omgldeiMd the poaalbUltlew of such things; the surprise 
the OenagiM give us ashore, we have given them afloat 
and tnrt» a* a means of defence, at least forts of the 
ktol W9 npw know, gre ijlaerodltad. Admiral Mahan’s 
dictum mart dourly be re-writtop or re-read. That 
grant otitic sympathised with Mr William White’s 
vtara Ofcoq* the ripe and armament of battleships, but 
H to prphgUe that hgd he lived longer, and had wlt- 
[taraed tha effect tfegt the 15-lncfa gun hae had at the 
■ngM 1]f ^ r god that the lflH-tocb guns had lu the 
tooth *•* Wttofh he would have aooewhat modified 

5t5^w» pmm ”«“■ «**»*<> n * w * nd 

tan»#|tta ffMp* i»o«t be caqriag grave anxieties 
hi <tannM7. She in lrat <m« of five rioters; one other, 


BatTS.lMur IW**I 

uTSofitartiini" (ffairflpW) Ww»dhe for completion 
M‘ S^'tho'-ltolajflr't^flphisl he drawing 


Thus we hml eight IB-Inch gun* Instead of ten I.'I.B-IiicIi 
gun*. There Is no grent dlffereueu In nwt Involvisl In 
thl*. Rut what Is remarkable Is Hint wlillo other i-iniii- 
trie* wen- debating anil cxiicrliuontlng we acini. We 
ordered the whole of tho UV-llwli gun* for Hie hIi!|m of 
the 1UI2-1.I programme without over making h trlul 
gun. Wo trusted entirely tn llritlsh naval science III 
murine artillery, and to tlie excellence of otir gim-uiuk- 
Ing system ami to the quality of llrltl*b workiiinn*hlp. 
When the first of thow 15-lmb gun* was tried n year 
mm It yielded ImllbiUc results which vllulleatcd. with 
wliat Is to the lay mlnil marvullou* exactltisle, the 
minutest nklratatlMM of the duulgncr. it |* the l*-sl 
gun we ever had; It reprodiuva* ull the virtues of the 
1-’l.!i-liicli gun on n Inrgcr scuta, and it Is the must ac¬ 
curate gun st all range* that we have ever had, anil 
bh It Is uever pressed to Its full compaw by rxpliMlve 
discharge It will be an exceptionally long-lived gun. 
Ita |K>wer may he measured by the fact that wherein 
the 13.5-Inch gun hurls a 1,400-pound projectile, a 15- 
Inch gun dim-barges a projectile of iniirly n ton ill 
weight, and can hurl this Immense mass of metal 10 
or Hi miles. That Is to say, there has been an liu-rense 
of rather mure than .11 per rent I niu piir|*Mrly vague 
on this |mint In the weight of the projectile for an 
addition nf 1)4 inches to the cnllls-r. Tills Increase In 
the raimclty of the sIh-II prodnevs n-suits In fur greater 
pngsirtlon III Its explosive |*«vvcr, iiihI the high ex¬ 
plosive charge which (he 15-luch gim i-ao carry (hmugli 
and got Inside Hie thickest snnor ntloat Is very nvuriy 
half ns large again as Is the clwrge lu the l.‘Ui." 

If one ship with these line wenisais cinilil do what 
the "Queen Kllsals-th" has done, what nmy not four 
more do? New vistas of Ilia part of (In-at llrltaln In 
the wnr and the Influence of spa imwer are offered. 
These considerations must lmve occurred to the tier- 
mans. ami we may well ls-llere tluit the thunder of (be 
15-Inch guns lu the .tfgesu Hen sounds all too cloae to 
their ours.—The Kngincir. 

The farikattaf uri femriiag of Time 

Tnc indication of time hag long been one of the most 
Important factor* In the history of the world. Even the 
primitive peoples bad some crude methods ot telling 
time, usually by the sun, and one of the first Imple¬ 
ments used for the purpose was a vertical pole stuck in 
the ground to establish the noon mark. Representa¬ 
tive type* of early time-keeping apparatus and me¬ 
chanisms from various countries are to be seen in the 
U- 8. National Museum at Washington, D. C. This 
ooUeotios consists of permanent and portable sundials, 
bouqd—i—■ time candles and lamps, a large scries of 
watches and watch movements, and clocks, Including 
a water clock of the seventeenth century. 

of the eariy time indicator*, is a model of one used by the 


Montagnais Indians of Canada, consisting of a pole set 
vertically, the shadow of which was markod in tho enow 
by eaeh hunting parly to indicate the time of Its arrival 
to the Indiana who followed, thus making the p a ss age 
of timo calculable. Other interesting specimens ore 
brass and Ivory pocket sundials of the fifteenth and 
sixteenth oonturies. There is also a ring dial which, 
when held vertically, permits the sun to shine through 
s small hole on one side of the rim and register the hour 
an a scale on the opposite ride. Vertical and horiiontal 
dial* from many countries and latitudes, dating from the 
fifteenth to the twentieth oenlurics, are represented. 

One of the most primitive time recording devioes em¬ 
ployed by the Chinese and Japanese, was a knotted wick 
about 2 feet in length, which smouldered without break¬ 
ing into flame, and indicated the passage of an hour 
by the time consumed m burning between two knot*. 
King Alfred i* credited with liaving established a system 
when-by 12-inch wax candles were divided into oqual 
distances; relatively a third of an hour being required 
to burn an inuh. A oandle of this type, hut only 10 
lui-liiw in length. Is oxhlbitod In the museum collection. 

Phllipis- II. of Rpain is supposed to have usod an oil 
lamp for indicating Lime, tlui decrease in the amount 
of oil being sluiwn by graduation* on the glass reservoir. 
It was designed i«|H<cially for night use; tho graduations 
Hlarted at tin- lop, with llio mark 1111, passod downward 
Ui XII, and then from 1 U* VIII. covering tho period 
of winter (lurkni-as. A similar lamp is in the National 
Museum exhibit, clasriltcd a* a pewter time-indicating 
lamp, marked for the hour* nine to six, and was col¬ 
lected in 1000 in Nuremberg by Dr. Samuel P. Langley, 
late secretary of the Smithsonian Institution. 

Hand glasses are represented by seven BpeoimonH of 
vurlous ty)s-s indicating 3 inmates, Vi l«>ur. Vi hour, and 
1 hour, and one (lerman set of four lu>ur glasses probably 
of tho fourteouLk eontury. The hour glass is said to be 
the invention of Luitprand, a monk of Chartres, who, 
near the end of the eighth century, revived the art of 
glass blowing. Those instruments are utill popular 
with many cli-rgymen. and it is understood that one is 
in daily use in the British House of Ciiiniiiim*. 

(tiHiks o|Hi-aled by water powiv ilato liaok — far — 
3 W II. <\ in Kgypt. and altlunigh their history i» noino- 
wlial vogue, it Is believed that tlio earliest ones in¬ 
dicated "houre” of unoven U-nglh. while those evolved 
during the seventeenth century and later were simpler 
and showed even period*. flocks of thi* dtweription 
and of this period are known as Clepsydras; one with an 
alarm attachment was collected fur the museum by Dr. 
Imngley in Paris. It consists of a hollow drum, partly 
ftllisl with water, siiH|H>nilud fnnn an uhlung frame by 
two cords, the lower emls of which arc wrapped about 
the shaft of the drum. When the cord i* wound about 
the sliaft, the dnim is at the top of the frame, and if 
released would descend rapidly, unwinding tho oord — 
it goes, were it* speed not regulated by the action of the 
water which flows slowly through a series of seven ceto- 
iwrtments within the drum, causing a drag or oiuntar- 
liaiance to the action of gravity. The ends of the shaft 
net — indexes pointing to the luiure marked on the 
frame. 

The ilato of the introduction of clocks worked by 
weights is mil definitely known, hut it is supposed that 
Ihey did not appear until the thirteenth or fourteenth 
rentury, and that John Mi-giwtom of Cologne luventud 
tin- escapement. Tho musi-um displays a number of 
these clocks, including a ship's clock which rings "Is-IIs" 
in Hca-going style. 

Portable time pieces appeansl shortly alti-r l.KIII a* 
the invention of Peter llenlciii of Nun-mls-rg. who 
employed a long nldsrn steel spring to drive the mo- 
chanism of his wateluw. 

The museum cotlcetion of watches and movenienUi 
number* several hundreii, anil illustrate* the devclu|i- 
ment of the mu-lianical part of the watch, making it 
possible Ui romiNtre the work of many early watch¬ 
makers of this and other countries. -litUUlin of Ike 
Smithsonian Institution. 

Electrq-Perciusive Welding 

An interesting variation in tho many methods for the 
else trio welding of metals, |»artloulariy whore the two 
part* are different metals, was deaorlbod 1—t fall at the 
meeting of the Kleelro Chemical Society by C. E. Skinner 
and L. W. Chuhb. In thi* system, which ia called an 
electro-permissive method, a condenser discharge is 
passed between the onda of the parts at the moment 
when tbsy are pressed together by mechanical force. 
An intense heat is generated so suddenly that it is entirely 
looaliaed, and there Is no time Tor the unequal conduction 
of heat through the bodies of metal, and the adjoining 
end* will be melted, whether the melting potato be low 
or high. For thi* reason metal* of different kinds can 
be welded together independent of their electrical reato- 
tance, melting point or heat conductance. For example, 
lead and iron ran lie thu* welded, hut such joint* will 
not be permanent. 
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Recognizing Vocations from the Teeth 

A Phase of Occupational Diseases That Has Received Little Attention 


Ir w* except plioephorux poisoning in tbe match In¬ 
dustry, there is in the present dsy movement of curing 
for the workmen In the various trades one phase of the 
occupational diseases of which we hear comparatively 
little. This is the effect of different trades or oooupa- 
tioos on the tooth and is ably discussed by Dr. M. Krause 
in s recent number of DU Vtmchau. 

Not only do the teeth benomo decayed or otherwise 
diseased, or uhangod in shapo, but they even an worn or 
dissolved away to such an extent that only stumps re¬ 
main, and this due to a variety of causes, not only to lack 

A good oxample of the first-mentioned case is furnished 
by confectioners or candy makers whose front teeth 
particularly, are prono to decay followed by subsequent 
discoloration of the exposed dentine, duo to iho oonslant 
breathing in of sugar dust. 



Fig. 1.—Confectioners’ caries. 


With workmen In chemical faotorice, whore aoids are 
manufactured or used in large amounts, "the process of 
destruction is not in any respect Uko the ordinary tooth 
decay but is a decomposition of the inorganic constit¬ 
uents and a devitalization of the organic constituents 
of the teeth." 

In describing the effoots of acids the author, who relies 
to a considerable extent on what is told to him, tells us 
that "the subjective sensation la alleged to be above all, 
a fooling of dullness in the affected teeth; these become 
so sensitive to change of temperature and to contact 
with sour, sweet and salty foods that every partaking of 
nourishment almost beoomes a torture. This sensitive¬ 
ness disappears when the process of destruction has 
assumed greater proportions.” (Kiga. 2 and 3). 



Fig. 1.—Acid necrosis of the large lndaora of the 
upper Jaw of a chemical factory workman. 


that “a* this oo* ting may still be detected after a ehaogs 
of occupation of some duration, it may be detignatsd 
and utilised as an important characteristic indication 
of occupation." 

This deposit is oaused by the “unavoidable metal 
dust which arises during the work and settles on the 
teeth during breathing, combining with the tartar ooat- 
ing of the neglected teeth." 

The wearing away or roughening of tbe edges of the 
teeth is well illustrated by shoemakers who continuously 
use nails and brads of different sloes, which they usually 



Fig. S.—Add necrosis of the lower middle ladser. 


hold in the mouth and which thus serves as a handy 
container. “When a nail or wire brad Is required this 
tongue pushes it between the biting surf secs of the in¬ 
cisor teeth. There it la held fast until required for use.” 

This results In the formation of coarsely jagged edges 
on the Incisor tenth. 

"Only when the nails are continually pushed between 
the middle inoisor teeth will semi circular substance 
erosions sooner or later result, which are similarly 
found in upholsterers.’* 

As to the effoot of their trade on their teeth, we quote 



Fig. 4.—Teeth of a glassblower, showing the 
rhombic openlag formed by the revel ring pipe. 


AH there.whoso oeeupttione compel them to ore tit 
sawing noodle, that is. Sailors, modistes, eordrt »Un> 
(to., show “iUt shaped grooves on tire cutting sdgat of 
tbe Indoors, and seoordlng as the pn re a re nr b tight or 
left handed, running from right to left or »ire mm, 
either slanting or In the oenter of the cutting edge In 
the duration of tbe cutting plans.” (See Fig. A)- 
The eaoss la that moat worker* la tbb trade, male and 
female, bite or tear off the thread with the lndaor taath 
briar* t hreading Unrig noodlM 
"If they have the habit of firmly holding pend Is be¬ 
tween their teeth occupational indiesttoni are also evi- 



Fl*. 5.—Teeth of a gUssblowAr. The middle la- 
daor teeth ehow rend won eff surfaces. 

dent on the front teeth of teaohere and draughtsmen, 
thus causing concave sobstanoe erosion." 

“It has been proven that the habit of placing nails 
in the mouth and replacing those not used In a box in 
common use has boon the cause of the transmission of 
syphilis. Also tuberculosis and other Infectious dlaoaaee 
are oertaloly spread by such abtuos.” 

Syphilitic infection has likewise been reported among 
giambloweri. For this reason shoemakers, upholsterers 
and gtaasblowen should be cautioned as to tbe danger 
of their manipulations, and the abolition of these abuses 
vigorously demanded. “By this means a great amount 
of misfortune will be prevented.” 



Fig. •.—Teeth of s droomaaker. Noteibe grooves 
which have result* from biting off the thread. 


“The front teeth on account of their location and ar¬ 
rangement are the first to suffer since thoy are earliest 
exposed to tho injurious influences.” 

It is obeervod that in metal workers, who are neglect¬ 
ful of the care of mouth and teeth, almost half of the ex¬ 
posed surfaces of the tooth, from tho gum* upward are 
covered with a dirty green coating. The workmen be- 
liovo that they have "verdigris" on their teeth. 

Dr. Krause was ro|>eatedly able to oonvinoe himself 

Relics from the Second Grinnell Expedition 

Tnaovon the recent death of Ur. Araoe Bonsali, the 
last survivor of tho second Orlnnell expedition, which 
set out for the Arctic regions In May, 1803, In search 
of Sir John Franklin, there has come Into tbe p on s e s 
slon of the U. R. National Museum several rellca and 
mementos of that notable undertaking, which have been 
donated to tbo tnusenm by the daughter of the explorer. 
The collection Includes gold and silver medals pre¬ 
sented to Mr. Rontall by the British government, nod a 
daguerreotype made after his return from the expedi¬ 
tion fn lftU. A pelr of polar-bear ektn boots made by 
him sn English rifle, no English knife, with n carved 
Ivory handle of Eskimo manufacture, and a “sou’west¬ 
er,” originally from tho Arctic expedition of Sir John 
Ross, all used by Mr. Bonsali during hla explorations, 
and a pair of skin stocking* and fur boots manufactured 
by the Eskimo are also on exhibition. 

This exhibit Is displayed in the north boll of tbe 
older National Museum building In connection with 
other Arctic relies. It recalls vividly the hardships 
suffered by the rescue party lent out In the brig “Ad¬ 
vance." nndec tho direction of Dr. B. PC. Kane, P.8.N., 
which were so graphically reported by the commander 
upon his return. 

Some of Mr. Bonsall'e experiences were very thrtU- 


the following in regard to gUmblowan: “In order to 
form the glam mass into a desired shape, gUasblowere 
jnake use of a long iron tube, sometimes provided with 
a brass mouthpleoe. Thu is the so-called ‘glassblower's 
pipe* which is held between the bp* and teeth and la 
turned during blowing. From this worn concave sur- 
faooe result on the middle inoisor teeth, which when 
oloeed, ahow a rhombic or diamond-hke opening chsrao- 
tenabo ot gUsabWar*. 11 (Kgs. 4 and 5). 


lug; hla report of a sledge Journey made by six of the 
crew and himself to establish provision station* slang 
the coast of Greenland la s remarkable story of adven- 
ture. It records a most perilous trip, over the ice and 
frosen land. In September and October, 1803, and when 
the temperature was far below aero. At the very out* 
sot, their sledges broke through the Ice, precipitating 
several of them Into the set. Shortly afterward they 
came to an Impassable opening In the Ice extending for 
miles on either tide of them, forcing them to await tho 
rise of the tide to dose It up The author mentions one 
night's sleep on melting Ice which soaked their buffalo 
robe*, rendering the members of the party “extremely 
cold and uncomfortable"; Incidentally their socks froae 
to tbo soles of their shoes. Sometimes the cold was to 
severe that they could not sleep. In spite of their ex¬ 
hausted condition after tbe forced march of the day. 
The fuel gave out, the only witch key waa test, pre¬ 
venting the recording of time; all tbe thermometer* 
were broken, and nearly every member of the little 
band suffered from frosen feet, fingers, or faces. 

Despite their misfortunes and sufferings, they estab¬ 
lished three oedtea of provisions, marking each with a 
cairn of rocks. Their progress was often very .slow, 
sons days only right or ten ml lea wore covered, owing 
to the rough las, cracks and barriers tuootswd , hot 


The article concludes with this excellent advioe: "As 
experience in ottar occupation* has shown that notices 
and posted regulations do not receive tbs deserved atten¬ 
tion, we need not expeet mooh result from this method 
In workshop#. The lever for enlightenment and educa¬ 
tion should already bs applied to the apprentice while 
at the trade sohools. It is there that we should by means 
of words and picture* emphasise the great danger to Hfe 
and health of such enstomary abates.’* 


on others they managed to make at many as twsnty- 
flve. Often they had to. ferry their stodge and then- 
selvas across stretches * open water on eakee of lee, a 
very dangerous undertaking. 

On another trip In March, 1804, a iwteoe party, at 
which ha was a member, snffand even men severely, 
tod all of them were 111 for some time after their re¬ 
turn to the ship, from delirium, scurvy, frost Mice, and 
other cause# Mr. Bonsali was the first to return with, 
directions for the cars and attention ot the others, who, 
when they arrived, were covered with froot and ton and 
*0 chilled and exhausted Chat they wen vmjda to reo- 
ognlat their oomradcs on to* “Advanan" For Slxtr-Slx 
hours titty had been constantly on the mom with vary 
Uttto to sat and svan less to drink, during which time 
they had traveled between eighty and ntpsty tnflss, 
moat of fee way dnggtag a heavy Madge laden with 
tour helpless man. Aa a result of this expos u re, taro 
of tbs men died, and several ware Aon* to undtogo 
amputations of freon mem be rs , hot,the others resow- 
ered after a trying slags whjeh turned, the ship tot? a 

hnaptfrfrl <jf riflk CDd lom bMQl . 

The tab of tdrmtm tto tm rmmt* 

log retire of tide hereto band, * whkh Mr. BpgeMme 

‘JSZ'ESSSaSF ’-*'"*»** *■ 
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Italian Military Aeroplanes 

Interesting Types of Craft for Air and Water 

By John Jay Ide 


UaiTilT aviation la Italy data* bade to tba wtntar 
of 1006-0 when Wilbur Wright attar hla triumphs Is 
Ituoe taught lint. C*ld*r»r» to By at an aerodrome 
near Rome. The government did little to enoonrage 
the industry and by the end of 1011 there were only 00 
aeroplane* In nee. Tbve ere now abnoet 300 maehinee 
of which 160 era of the lataet modal*. 

The machine* oI dome*tic design and ooMtruction 
angenaraUyof the monoplane type inipired by Nleuport 
with sometime* a daah of BMriot or the defunct Hanrlot. 
Only two makea pf native biplane* are tiled: the 8pa- 
Faodoli and one modal of the Afteria. Both make* are 
comparatively dow; fast scouting hiplanea have yet to 
make their appearance In Italy. 

Until 1914 all the Fhnnana u*ed by the Italian army 
were imparted from France. Early last year, however, 
the Be vole Company which had acquired the manufactur¬ 
ing right* for Henry and Maurice Firman biplane* 
opened a huge factory at Milan covering 30,000 aquare 
yards where large contract! an being canted out for 
the government. Other foreign machine* produced under 
lioenae by Italian Anna are the BMriot, Bristol, Deper- 
Jusdn and NMu pert. 

One of the moat auoeeaaful Italian monoplanes is the 
Gebardlnl produced at Camari, Novara. Although the 
machine la not dissimilar to the Nieuport in general 
outline there are aeveral (pedal feature* Incorporated 
in the design■ The fuselage, constructed of steel tube* 
reinforced with wood, has quite an original form. The 
forward part, from the nose with its 80 horae-powor 
Qntaw to the rear of the cockpit, I* rectangular in soo- 
tion. Behind the eeata, however, the bwor longeron* 
meet and from this point to the stern the fuselage is of 
triangular seotlon. The above arrangement while giving 
a good stream-line form allows ample room for the engine, 
fuel tank* and occupants. The triangular portion of 
the fuselage can be detached for purpose* of homing 
and transport. 



770 pound*; useful load, 770 pound*; apcod, 40 to 86 
mile* per hour. A hydro-aeroplane model 1* also pro¬ 
duced by the Galwdlni llrm. It ddTvn from the land 
machine in dimensions and in the alighting gear, the 
latter of the two-float tyjie. 

Another prominent monoplane is designed by Big. 
Caproni and constructed at Viunla Ticino. Revere! 
moduli are made including single, two and three Boaters, 
generally furnished with (InAmo but occasionally with 
Ansani motors. With an 80 horse-power GnAme the 
two-seater is slightly faster than the Oabnrdini, duo in 
part to tho stream lining of the top and bottom of tho 



The two span of eaoh wing an of tubular steel. On 
these the riba an loosely mounted so that they poss e ss a 
certain amount of flexibility when warping takes place. 
Tha riba an of I-beam notion with the webs drilled for 
Ughtnces. The fixed tail plane and ttovutiug flaps an 


fuselage and the small head resistance of the ohassls. 
Seotlon* an out out of the wings at their roots to Improve 
observation. The Caproni work* al*o build Bristol 
biplane* under license. 

The Chiriblrl Company of Turin build both tingle 


Nieuport design being followed throughout, even to tire 
ch a s s i s, oonititing of two wheel* and oontnl ildd. 

The latest Maoohl production is a Nieuport of the 
"parasol" type (having the plane over the pilot’* heed) 
with a Morane landing gear. Tha Friuli monoplane 
is a small BMriot type, itnglo-eealer, equipped with a 
36 horse-power Ansani radial motor and a Hanriol land¬ 
ing carriage. Very few machines of this make are used 
In'.lbe army. 

|l Biplanes and monoplanes are made by the Asleria 
Company located at Turin. Both type* are driven by 
propollort instead of the more usual tractor screws. 
GnAme mo tom are uaod on the monoplanes and Renault! 
on the biplanes. Tho only other Italian designod bi¬ 
plane is tho SPA-Paooioli manufactured by the SPA 
automobile Arm of Turin. It la a two-seater equipped 
with a 60 horse-power SPA motor and has a simple two¬ 
wheeled landing chsssi*. 

An interesting seaplane is Lieut. Caldnmra'a “hydro- 
vol," a hydro-monoplane of over 60 feet span. The 
passengers are carried In a hull forming the oenfar 
float of throe, connected by a oouple of spars. The 
axis of the propeller, driven by a 160 hone-power GnAme 
1* * lightly below the huge wings which am mounted 
almost 8 fool above the floats and joined to them by verti¬ 
cal struts. From the outer struts spring the booms 
carrying the tail plane, elevaton and rudders. 

The outer floats, equipped with small water rudder* 
at the stem, aro divided into a number of watertight 
compartments with internal lattice frame. The hull la 
formed of throe skins of wood with mileloth between 
adjoining skins. If neoessary the wings nan be out 
away and the central bull used as a boat. 

Flying boats—In this ease biplanes—are also built 
by tho Uoui Company. Many of these craft have been 
sold to foreign navies and they are likewise popular 
In the Italian navy. 

Captain Guidonl supplies Firman biplanes and Niou- 
port monoplanes equipped with special floats of his own 
design. In eaoh case there are two long floats, eaoh fitted 
with parallel ftns. 

The Italian navy has acquired a large number of 
Curtiss flying boats, including a duplicate of the “Amer¬ 
ica.” The fleet of the 00 horse-power standard model 
is now being considerably augmented. In this connec¬ 
tion a paragraph reoently appeared In the dally proa to 
the effect that Italy waa about to plane an order for 800 
aeroplanes with American constructors. Our manu¬ 
facturers in their present condition would take aeveral 
years to fill such an order. The training of pilots and 
observers to man this multitude of m a ch i n es would be 
incidentally a formidable task. From an authoritative 
source I have learned that an order would probably be 
forthcoming but would not amount to one tenth the above 
mentioned number. Amerioan Anna, therefore, need 
not start work on additions to their plants just at present. 

Tho Italian army machines an divided into squadrons 
of ten aeroplanes each. Seven m a ch i ne s In a squadron 
are always on active service while three aro held in 
reserve. The Miraflorl aerodrome near Turin to the 
prinoipal military flying ground. Acceptance teat* for 
aeroplanes and motors, and examinations for pilot 
certificates are made here. The oentrml school for 
brevets to at Aviano and three miles away at Pordenone 
is the training ground for those who detire to obtain 


copied from the Nieuport but they are placed well for¬ 
ward of the ruddar giving the latter a wide range of 

oonrinetad of steal tubing coveted with fabric. 

A lever mounted between the pilot'* knees operates 
the elevator* and wing warping. The rudder to controlled 

The ehaasta, on Hanrfot Dues, oootist* of two skid. 
Jotted to the furies* by throe strata eaoh. A tabular 
axle oaRying a pair of wheel* to dung from the skids by 
of rubber band*. 


and two Major* equipped with motor* of their own 
males. Their 66 horse-power racer to credited with a 
■peed of 103 miles per hour. The itandard models are 
by no means rapid, doing only about 70 miles per hour 
with an 80 boree-poww motor. The general design 
present* nothing unusual, the ohief claim to distinction 
tying in the employment of e stationary motor. The 
Antoni monoplane is also of the conventional type, the 


superior brevets. There are several other aerodrome* 
restricted to oortain makes of machine*. The oontnl 
marine flying school Is at Venice. 

The moat popular motor la, of course, tha GnAme 
made under lioense at Turin. The Ansani radial motor 
is used to some extent, a* are stationary motor* ireduced 
by FIAT and SPA. These last, however, are generally 
restricted to airship work. 
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Copper Cyanide Plating Solutions* 

Valuable Facts Relating to Their Composition, Action and Results 


I havk rtioseu aa a subject the working of a copper 
bath, as this la by far the moat extensively used aiu] 
uIho the moat Instructive aolutlon. 

There are three thing* which are neceaaary for the 
ibqsMltlon of racial--current, eh-clrode, and electrolyte. 
An Ihe electrolyte or plating aolutlon la the most Impor- 
Inill, 1 will conllnn myaelf to Ihla Item. 

The object of employing cyanide aolntlona for the 
«le|HMlttou of eoluier la to he nought In Ihe fact that In 
such aolutlona Iron doea not replace copta'r, notwith¬ 
standing their place* In Ihe electrolytic series, a phe- 
raiiueiion wliich la due to I be complexity of the Halt la 
which Ihe cu|ipcr la preaenL The complex aalt, which 
raukea ihla fenallile, la the double cyanide or aodiuu 
copiier cyanblc, Ihe union of wlileh la Nu, Ihe cation 
Cut■>,: lhal la, hy the action of Ihe elec!rie current. 


high current itcnalty and a anltalite concentrutlon of the 
aolutlon, Nn ia not discharged at the rath.ale, hut reacts 
with an uixllssnclillcd part of Nu('ii('>„ na |»*r Ihe fol¬ 
lowing equation: 

Na + Na Cnt'y,- I’n + 2 Nal'y. 

Ibua abowlng that the deposllli.. eoiqa-r ta n weond- 

ary reactbai, ntal that free cyanide la formed. Ou Ihe 
nutate, the niiltiu t’ut'y, etratliliiea with the co|tt«T of 
the electrode, ronnlng enproua cynnlde I'uOy, +• tin ~ 
a t'lll'y, 

('aprons cyanide la Inaoluhle In water, hut soluble In 
cyanide aolutlon. and fur Ihla purpoae tlie Tree cynidde 
generated at the cathode la required. Supposing wo 
hnve prrHier conditions- low current density oil both 
electrodes—enough free cyanide la produced oil the 
cathode In order to keep In solution Ihe enproua cyanide 
formed oil the music. Aa Ihe five cyanide of the 
cathode la really needed on Ihe anode for dissolving 
punaMCH. and na In a atilt solution Ihe mixing velocity 
la very low, stirring ami worming of tlie electrolytic 
Inlh would expedite fhla twitter conaldeniMy and bring 
Ihe latlh very near to on Moat atage. However, wnrm 
and agitated notations require a more careful obaervn- 
tliai on account of which Ihcae two Items have not a* 
yet been paid the altPUllon they actually deserve. 

If too high a current density ta used on the cathode, 
lint ull Ihe Nu Iona net reducing on the aialtum copper 
cynnlde. but are partly discharged, forming sodium 
hydrate aud hydrogen In connection with the water of 
the bath: 

Na + H,(l -t NaOH + FI 

This reaction accounts for the development of hydro¬ 
gen or gaalug at the cathode. It means that leas cop- 
tier Ik deposited per ampere Ixour and wit sufficient free 
cynnlde formed In order to keep the anisic clean. There¬ 
fore, the solution noccHsttateN the nildltlon of sodium 
cyanide, otherwise the anode become* coated and the 
imsaage of the current la Intcrruiited. Too high a cur¬ 
rent dpuslty on Ihe anode leads to the same result: 
covering of the electrode with an Insulating Him of 
cuprl-cnpro cyanide. 

In regard to current density, It must be home in mind 
that warmed and agitated Muttons can be worked with 
n higher current density titan cold ones, and that a 
density of approximately .10 amiterea tier square foot la 
quite feualhle without yielding n burned and blistered 
deposit. 

Another feature which la quite Interesting Is the 
nmount of metal deposited per Rinpcre hour. In a eop- 
|ier cyanide aolutlon which contains the metal In tho 
cuprous stale, the same number of ampere hours should 
yield twice an much metal as In an add bath, providing, 
of course, all the favorable conditions are prevailing. 
I c„ a strong solution, warmed and agitated, worked 
with n minimum amount of free cyanide at a low cur¬ 
rent density. As, however, common plating aolutlona 
are worked on nearly the contrary conditions, the rela¬ 
tive amount obtained from a cyanide bath la much 
lower. How much lower depends entirely on the rela¬ 
tive conditions, snd only one feature should ha empha¬ 
sised, which has lavn mentioned shore: that the more 
hydrogen develops on tho cathode, so ranch lower la the 
percentage of the metal deposited jier ampere hour. A 
low currant density results In a high weight of the 
, . metal deposited per anqierc hour, while the deposition 
, ’is slow. A high current density yields a lower weight 
pnqHirtlonntrly per ampere hour, hut cnwubtug lam 


By Dr. Max C. Weber 

time for a certain weight of metal deposited, molting 
In a greeter deposition of metal per hour. 

Furthermore, cyanide aolutlona yield a liner, more 
homogeneous texture and brighter metal Him than the 
acid baths on accouot of the secondary copper deposi¬ 
tion snd because hydrogen may develop more freely on 
the cathode In such a solution without fear of burning 
or blistering the deposit. 

Thene few remarks give an Idea how complicated the 
react tons in a plating solution are, and that It requires 
skill aud experience to procure a satisfactory deposit 

The 9rat part of this paper has shown that the con¬ 
stituent which Is essential In a copper cyanide bath la 
the double salt, sodium copper cyanide, consisting of 
copiier cyanide and sodium cyanide, which la easily 
funned by adding the ueewsary amount of each cbern- 
Icol to water. A high-grade sodium cyanide has been 
obtained for quite a number uf years, but copper 
cynnlde could only be procured at prices which made Its 
nae prohibitive for technical purposed. 

For ihla rcaaou many salts—one might call them sub¬ 
terfuges- have been used which were Intended to sub¬ 
stitute copper cyanide and form the aame when brought 
together with cyanide soluLInn. One should hear In 
mind that whatever copper salt is brought together with 
cyanide solution, the Anal compound Is the doublo salt, 
aiaUiim copper cyanide. Anuther fact which should not 
lie lost Bight of Is tbut one chemical can replace another 
only to the extent uf the requisite elements, and that 
by the reaction of two such suits, always a by-product 
la formed which contaminates the cnmpuuud desired. 

This Is Hie case with the copper cyanide, (topper 
cnrbuunte, ropprr sulphate, cupper acetate, cupri-cnpro 
Hulphtto have been employed In order to form copper 
cyanide In connection with sodium cyanide and water. 
Tluit by these reactions nn Inert by-product consisting 
of sodium sulphate or sodium sulphite or sodium acetate 
or sodium carboualc la formed to a high percentage 
everyone was aware of, but took It for grunted aa Ihe 
product neceaaary, I. e., copper cyanide was not obtain¬ 
able commercially. 

When using copper carbonate, whit* ia really basic 
copper snlpliate containing a small percentage of csr- 
Uiuatn, according to the temperature gt which It is pre¬ 
cipitated, approximately one half pound of Inert matter 
Is formed for every pound of copper carbonate, being 
composed of sulphates and carbonates. Hy the Use of 
copper acetate, or cuprl-cnpro sulphite, Ihla Inert matter 
lv still further Increased, and for each ponnd of the 
cninponnds used, from nine to ten ounces Inert writs ire 
produced. These salts accumulate In the bath more and 
more with every addlUon of the respective copper salt, 
and finally yield such a dense solution, which being 
overloaded with these waste compound* cannot be 
worked In a satisfactory manner any longer, the plated 
articles being blistered and the stations are of necae- 
alty discarded. 

The reason for this Is that a bath of this kind has a 
relatively low metal concentration and a much higher 
one of the Inert salts. As a rule, the electric current 
d<qs>allH the metal easiest to discharge, which in this 
case Is the alkali metal. Therefore, as the current den¬ 
sity Increases an excess of hydrogen la generated, which 
reuse* hnrulng, and the current output drop* consider¬ 
ably. 

After considering this crude method of forming cop¬ 
ier cyanide one should remember that the copper la a 
cyanide plating solution ta In the cupro stage, while 
copper carbonate, copper sulphate, copper acetate are 
cuprt salts, and cuprl-tropro sulphite la a mixture of 
both. This means tbeae salts most be first reduced to 
the capro state before they are fit for plating. This 
reduction la executed at the cost of the aodlnm cyanide 
which la actually Intended for bringing the copper 
metal Into aolutlon only. Further, neutral copper mite 
na copper acetate, copper sulphate, and cuprt sulphite, 
when brought in contact with cyanide aolutkma, form 
raprl cyanide first, which, being an unstable compound, 
decomposes into copra cyanide and cyanogen, which lat¬ 
ter escapes Into the air, and on aooount of its highly 
poisonous character ie moat detrimental to the health 
of the plater, 

Taking Into consideration all (he dlsgdvi'BtegM re¬ 
spiting from the p res en t method for producing a ptattug 
notation, every progressive piatar should grpet with fey 
Ihe foet that a chemically pure cupro cyanide Is bow cd 

the market at a price metis* Its ago-.—TUlnH 

Utau that at tny other eeppw re* ttfcfe hah 


compllahnd by new manufacturing methods worked out 
by the author of this article. 

Cupro cyanide contains nothing but the Ingredients 
necessary In a plating solution—copper and cyaosgaw— 
so that by diaaoivlag It In cyanide aelutloh no Inert, 
unnecessary product* are added. This enables the plater 
to have perfect control of Us aotatkms at all Umax, aa 
whenever metal Is needed he adte It ta the fata of 
copper cyanide, and, when cyanide la needed, sodium 
cyanide, thus simplifying matters. On account of Its 
high percentage of metal—It contains 70 pet cent pore 
copper, the rent befog cyan ogen aofotkma highly con¬ 
centrated In stetal can be worked at a relatively low 
sped Ac gravity. This la a farther advantage, aa a hath 
low In dauslty la much more easily controlled than a 
very nmcentrated one. 

Copper cyanide being a cupro aalt, doea not consume 
any cyanide In order to bn transferred to the enpro 
stage, and because of Its living a cyanide ttsetf It ra- 
qutrvH lees sodium cyanide than any other (topper mtt 
to yield the double nit sodium copper cyanide, the 
esrcntlal constituent of a phrtfbg solution. This fact 
points out a mire economical method for producing a 
Plating solution. In other words. It aim money. WWn 
one buys a metal aalt for plating one shorttd not forget 
that It Is not the price of the metal In Ihe aalt itself' 
which couHlttutes the economy of the salt, but the price 
at which the metal hi put Into solution aa a double 
cyanide. It la this economy of the copper cyanide com¬ 
bined with Ita high technical qualities which make* cop¬ 
iier cyanide nqierlor to any other plating salt 

The figure* In Table I gtve a comparison of plating 


1U3 pound* sodium cyanide. 1M per Mat. at 

at note per pound. dt.dd 

-ISAM 

solution* produced with different copper salts and are 
the reunite of actual tapis. The metal contents of the 
solutions are the aame re In Table t 
After continuous operations for two hoar* It was 
found that while the natation made up with copper 
cyanide remained almost constant, that 1% tbs relative 
proportions at metals and cyanide wan practically the 
same, the solution made up with the other salts tweam* 
unbalanced. The anode* coating over requiring further 
additions of cyanide, showing once more that solution* 
made up with chemically pure copper cyanide gar* 
maximum efltefeocy. 

As aoctDed copper cUrbonate war tha moat extau- 
rieely wed, I gave this solution apodal atfcwSas aud 
found, after oonaldarebla experimaoting; that ta ardor 
to obtain a solution with auffiefont foa* cyanide to ob¬ 
tain | fairly balaaoed aofotlan th* foHewtng proptotiooe 
were neceumry: f 

IM m«t miter mttoaett at 1* csUta (to 

Mata.HMO 

2M poaads aodtam eTsahfc Itt ptv esat, at tt 

mat. prc P*ta....... 

(hr mm lmfeerteat retaTfo 

rtxh oot <mly g tve the greatest statetaffp, hut. Writer 1 

la the premt flaw which ]• WtafiiiiTlii ,1 h» 
endeavor to oUaia an and aa atmpty aud at ectewtatouKy: 
la powlbto, where every tttag |g at tt twtate l foWtar 

to obtata tta te* s^^at tta towwita***.<** ' 
sighted mM **-&*&■ 

dmtred ^i ta M to iH,ta ”» m |tatttg.ta. 
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The Formation of Ozone in the Upper Atmosphere—II* 

And Its Influence on the Optical Properties of the Sky 
By J. N. Pring, D.Sc. University, Manchester 
Concluded from Schjntihc American Hcpplbmknt No. 2052, Pago 287, May 1,1915' 


I* waa found that a more valuable yield In tbe For¬ 
mation of oaona by ultra-violet light la obtained with 
dry air or oxygen than In the oaae of the motet putea. 
This laflmnee of water baa been noticed by earlier In- 
vrettgatora, and la paaribly doe to tbe formation of 
treoaa of hydrogen peroxide which la known to react 
with ouooe according to the equation s 
n,0 1 + 0 I -H/) + 20 1 

In thla aartM of experiment*, air after drying waa 
circulated through the reaction veaael at different prow- 
area. After loaning from the radlattou veaaal tbe air 
waa immediately lad tbrongfa the reagent Ifaaanra- 
menta were conducted at preeaure of 700, 70, and 80 
millimeter* in the different case*. The tame total 
amount of air waa passed in each experiment and ex- 
poaed to tbe radiation for the aame Interval of Ume (10 
minntaa). Tbe reanlta abowed a great decreaae in the 
formation of oaona with A-creasr In preaanre. Thu*, at 
700 mtlllmetera preeaure the yield umoant to 0.1 per 
cent and at 30 millimeter* to 0.0014 iter cent 

Experiment! which have been made on tbe expnnnre 
of water to ultra-violet light bnve indicated that a 
alight decomposition taken plaiv In ncronlance with the 
reactlou: 

2H/>« 11,0, + II, 

It her alno been atated Ihet when mot at air la aubmltted 
to the nctlon of ultra-rlolet light, truces of hydrogen 
peroxide are formed. 

Experiment* were made by the writer to detect the 
formation of hydrogen iienixldc by puaalng 00 Utera of 
mniat air through the exiieiimentel apparel a* during 
two hoars, and leading through e eolation of titanic 
add in eulphurlc add contained In a amall glam eplral 
waeher. No change In color wan deterred. A compara¬ 
tive teat made by taking hydrogen peroxide aolntlon 
allowed that it la pumlble to detect with certainty the 
preaence of J X KT* grammea of thla compound with the 
above reagent In 00 Utera of air, thla would curre- 
apond to a vdume of 1.8 X 10 ’ per cent The amount 
formed under the condition* of tbe above experiment 
moat therefore he below thla value, which la very email 
compared with the amount of nxntie formed. Aa hydro¬ 
gen peroxide la decompoaed by thla laat gas, It la doubt¬ 
ful whether any appreciable quantity would be perma¬ 
nently atabla In the presence of oaona 

The only method, apart from colorimetric teate with 
organic reagents, which appear* to have been applied 
hitherto for diatlngubdilng oaona from oxldea of 
nitrogen when at high dilation* la one which eonalata 
to paaatng the gaa Into liquid air, when oaone dloolraa 
and nitrogen peroxide aaperatea aa a aolld. Thla method 
waa applied In experimenta made by tbe writer. A total 
volume of 08 Utera of air, after paaalng through a con¬ 
centrated aolntlon of poUeatnm hydroxide and then 
through eulphurlc add, waa led through the reaction 
vexed, where an arc waa formed coutlnuonaly, and waa 
then parea d Into liquid air. A period of six bourn waa 
takas for the pa—ga of the total volume. After thla 
time, a a—U quantity of white solid, which appeared 
to be —Inly Sea, had collected in the liquid air. On 
■•paratin* by filtration through fine doth, and theu col¬ 
lecting the gaa evolved on evaporation In a gasometer 
over mercury, about a liter of gaa waa obtained. Thla 
did net give any colocation with tetra-methyl base 
paper, nor, an gearing the whole through acidified potaa- 
atu|i Iodide eolation, waa any Iodine,liberated. 

Though It cannot finally ha atated from tb— experi- 
mota that ad formation of oxldea of nitrogen or hydro- 
■ paraxMa oocura through the influence of ultra-violet 
tight, yet It 1* ahown that the quantity obtained la 
n e gMglM y —alt when ooreparad with the oucae. 


The aapari i neatt abow dearly that la the higher at- 
‘ ura g h i r e tha omfiltiriw an preeeat tar the formation 
of a (WMddereble quantity of odona, hut the data are 
not available tar ofariatin* the aregpltod* of thla 


kM that aa the light at tha email 
..-•Wfive l —S th .Dac—ary for tha formation of oaone cannot 
' fori ^Tat r Wy lanm ritota tota lata tha atmoephare, this 

±Wt&tiSi m w 
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tlona waa derlaed eo aa to be suitable for nee In moun¬ 
tain district*, and alw> for attaching to eoundlug 
bulloona. 

An approximate calibration of the volume of air cir¬ 
culated waa made by meaua of tbe amumiiUon that thla 
amount la arithmetically proportional to Lhe velocity of 
tlie wind- A meaeuremeiil waa theu made by placing 
no me pure benxlne In the veaeel, and after exposing for 
dellulte interrala to a wind of kuown velocity, noticing 
the 1— In weight Knowing lhe vaiior pressure of ben- 
alne at the prevailing temperature, It waa possible to 
calculate the volume of air [sowed by assuming that 
evaporation of the bentlne would take place to the satu¬ 
ration point. Tbe average of a number of thew deter¬ 
minations showed that when the apparatus was exposed 
to a wind for an interval, daring which u horizontal 
dow of air of one mile occurred, tbe volume circulated 
through tha vt-wiel cormqionded to M2 liters. 

Estimations or oaone, eiteudlng over several days, 
were mads In gwltserland, Urst at a point near Hrheld- 
egg (Wengeni Alps), at an altitude of 0,1170 feet, and 
then at a point near the Jung fra ujocb, or ll.UHO feet 
altitude. 

During them measurements, testa were mmle for hy¬ 
drogen peroxide by exposing titanic acid solution In an 
a pi strata* similar lo that need for the (none estimation. 
The color of this reagent remained quite unchanged 
after exposing for two days at the different altltndee 
mid under different conditions of weather, I bus show¬ 
ing that there waa no appreciable quantity of hydrogen 
lieroxlde In the atmosphere. It wai noticed, on the 
other hand, tluL freshly fallen snow nr ball gave a wry 
marked coloration with lhe reagent. It Is Imped later 
to conduct testa with glacier water, as this would be ex¬ 
pected to retain the hydrogen peroxide associated with 
tbe snow. 

In the estimations of oxono, made hy means of potas¬ 
sium iodide, It was found that In no cnae was any 
potassium lodalo formed. As pointed unt nhove. this 
shows the absence of any opprecluble quantity of oxldea 
ot nitrogen. 

The results of the eetlmntiotu of oaone showed a 
mean volume per unit volume of arc hi 0.9T0 feet of 
2JKI X 10-*: aud at 11.0WI feet, 4.7 X 10*. 

In order to obtain some Plea of the Bmonnt of oaone 
hi tbe higher regions of lhe atmosphere, use was made 
of the sounding balloons which are used In meteorolog¬ 
ical Investigations at the Manchester University. These 
balloons, with the Instruments attached, rise to an aver¬ 
age height of shout ten mile*, and then burst. The de¬ 
flated skin retard* the rate of fall of the Instruments 
to the ground. A knowledge or the height artslned nnd 
the temper*Inre Is obtained by a recording bare- nnd 
thermograph. The reaction vessel for the oaone tests 
waa of tbe lame form as used In tbe previous experi¬ 
ments, and waa suspended vertically from the bnllnou 
together with the other Instrument* 

A rough calculation of tbe amount of air which would 
pass through the vessel daring an ascent and descent 
was made, and It was seen that the exposure of the 
vessel to a borixontal flow of air of one mile caused the 
pousage of M2 liter*. Kxprewiug In cent I met era, this 
gives for a displacement of 1 centimeter 0.032 cubic 
centimeter*. 

On tbe assumption that the volume circulated 1* pro¬ 
portional to the displacement through lhe air, It follows 
that daring an ascent and descent, tbe maaa of air 
ptumed through In grammea Is given by 2 (* — ft) X 
140X0082, or 08ff (p—»,), where p Is the atmos¬ 
pheric pressure In centimeters of mercury at ground 
love), p, that at tbe highest level reached, and 18.0 the 
dsnatty of m er c u ry. Tbs volume circulated In liter* 
(measured at ftT.P.) la therefore 0.875 (p —p,). 

At a bright of about 8,000 meter* the temperature Is 
always below tbe freestng point of the reagent (—34 
degree*), so that reaction unat then take place with the 
solid. It waa seen above that under these conditions 
tbs method applied did not enable a distinction between 
orone and oxides of nitrogen. However, in all measure- 
menta mads up to 8,680 meters, It was found that 
neither this gas nor hydrogen peroxide were present In 
any appreciable qnsntlty, Nitrogen peroxide la of 
course qtdta stable at ordinary temperature*, and until 
dbaotvaff bp atmqapfeerie water aa nitric arid, any gas 
formritat trig* xtttittftw would remain udteonpoaed. 

BJr omaMM* tbs results obtained togataar with 
thorn madrsu ghm* torsi* atitta m op to U U*-, 


outers, (lie conclusion may be drawn that there Is no 
appreciable uinouut of hydrogen peroxide In tbe higher 
Htmosplicre, but that there Is a considerable quantity of 

The mean value* of osoiu- estimated In the measure- 
nieuls made In the Alpe were 2.0 X W ill one volume 
of air at 2.5 kilometer* altitude, and 4.7 X 10 ■ port* at 
1L.1 kilometers. In the measurement* made with the 
Isi IIooiim above Manchester, the mi aid volume of uxone 
between ground level and altltuiles up lo 2U kilometers 
gave a value of 2.1 X 10 *. Even after allowing for tbe 
absence of this gaa at lower altitude*, lhe measurement*, 
though only approximate, Indicate that there 1* no very 
large liH-ren*e In the amount of uxone at altitude* be¬ 
tween 4 n ltd 20 kilometer*. However, since at this last 
height the pressure of the utmusphere Is still about 4 
centimeter*, the amount of light of wavelength lielow 
200 mi. which 1* uecesaary to form ozone, would be very 
sillsII. The probahlllly thus still remains Hint alsive 
this elevntlou a largely Inorcused content of ozone pre- 

TIIE INFLUENCE or OZONE ON THE NATURE OF LIUIIT 


The result* In the above experiments of the approxi¬ 
mate determination* of the quantity of oaone In the 
higher ntmuHphere supply data which enabled measure¬ 
ments to he made in the laboratory of lhe depth of color 
given by thla amount of owaie. 

For thla experiment, a glass tube of 2.8 meters length 
nnd 4 centimeters diameter wu* taken. Thu walla were 
provided with side tulw*. one near each cml, to enable 
the [BKMHge of the oxoulxed gas through the lube. Tlie 
two ends of the main tube were covered by thin plate* 
of glass, which were cemented by sodium xlllcnte solu¬ 
tion so aa to make an air-tight connection. The outside 
of the tube waa wrapped with black i«[x>r, and a white 
IMtper disk placed over one of lhe end plate*, tin Illu¬ 
minating thl* by daylight and viewing the transmllted 
light through the other end. the Intensity of coloration 
produced on admitting oxone of known concentration 
could be observed. 

The results given in lhe table Mow record the obser¬ 
vation* made with lhe tube when tilled with oxygen 
containing different concentration* of ozone. Tbe thick- 
nr** of tbe layer of pure gns which I* equivalent lo tills 
concentration is also given. 

Percentage t'noren- KuulvalpnlTblrknreiJ 
■niton ot Ozone ol layer nl Pure t'olor (llwerved 
In (iijam Ozone. 



It Is dink-nit to comisire the color of the gaa In a 
tula- or lhe above nature with that of tlie sky on ac¬ 
count of a large Influence exerted hy the nature of the 
Illumination. 

Tlie above amounts of oaone cun he compared with 
those found In the atmosphere. Taking the amount of 
tills gaa found In tbe Alpa at an altitude of 3.0 kilo¬ 
meters aa lhe mean concentration throughout the at¬ 
mosphere. ami allowing 8,350 meters a* the height to 
which tbe atmosphere would extent If at N.T.l'., thla 
concentration of oaone In a vertical section of the at¬ 
mosphere is equivalent to a layer of the pure ga* of a 
thick new of 4.2 centimeters at N.T.l*. On ooroiwtlng 
thl* with the observation* made on the color of oxone 
In a glare tube, It I* seen that light which has been 
transmitted through a layer of gas of this thlrknem 
Pt— c ret a a distinct blue color. In the care of atmos¬ 
pheric oxone at very’ high altitude* It la |imbabte that 
the amount of oxone Increases and there Is also the |km- 
alblUty that tbe blue or violet color Is Intensified In tills 
case on account of fluorescence by ultra-violet light 
from the sun. 

With regard to tha nines obtained In the estimation 
of oaone at high altitude*, on accunnt of Incomplete 
absorption by the reagent, tlie experimental error of the 
measurements would be expected to give too low a 
valnc. On account of this and the probability of a largo 
Increase In tbe amount of oaone at altitudes above 20 
kilometer*, the result* of these measurements Indicate 
that oaone 1* an Important factor In determining the 
optical properties of the atmosphere nnd the color ot 
timeky. 
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High-speed Bullet® end Dnndnau 

1 Is u fort iu*te that the disposition of • ballet la 
t always aa b in ai e aa lta appearance. Ita fall ora 
to live up to lta mild looks la responsible to a mat ax 
tent for the dumdum charm that hare bean Brad 
back and forth between the opposing forces In Europe 
only a Uttla Ism frequently than the huge ataU a. 

Queerly enough the mildest looking bullet among 
those used by the Germans and the Allies la the one 
with the moat fiendish traits This, the spltiar or 
pencil jol ted modern bullet, fired In the German 
Mauser the trench Lebel and to some extent In the 
British Let Enfield la a) patently shaped to punch holes 
1 soldiers rith the ml lmum of pain and annoyance to 
a Id sol lien The point looka aa If they bad put the 
oditye blunt use bullet 1 to a pencil sharpener end 
ltly shane ed the point 

So kind 1 nail'd does this sharp nose mlsslta appear 
that various tli>oretl a parties about tbs country ai 
ou ced In 1 o | ub lc i In a tl at the sole reason for its 
udoiU as to I* a I u one In shooting the other 

f lows as lr sla s uoild allow Unhappily this 
oil u allon for tie slim I el t lacks a minor virtue— 
that of b tig true Experiments by the Germans in 
1006 evolved the fact, known fifty years before but for 
gotten that puttl g a very sharp point on ■ bullet cut 
down air resistance, aa a sharp bow an a boat cute 
down water resistance In turn, this allowed a lighter 
bullet to overcome air treasure and therefore to hold 
Its sliced as soil os a heavier bullet of the old type In 
turn this allowed of higher speeds, because the bullet 
was light r and pressure and kick were lea*, and the 
llgher apoeda gave flatter flight of ballet sad much 
Increased danger spaces through this flat flight Bo 
tame the apltser 

Tie Frt cb aid the Swiss went the Germans one 
Is Iter ai d tapered the a ter of their bullets also mak 
I g them a true boat shape, that the air might flow 
I ack 1 around them and not drug 
H< instead of advaiclng the cause of humanity by 
a hn ting i sinless keen cutting bullets, Urn nations tak 
I g up the apltser sought nothing more merciful than 
I It ting still more men ou the oU er side of the argument 
A d worse and more of It, the sharp point bullet de- 
elopcd a wounding effect far greater than that ol the 
old, long blunt nwe bullet the Utter practically never 
did aught but whip tl rough (.Manly never tumbling or 
apmttlng or lacerating or stesMng beam. Hie new 
bulls! with the two ter of gravity Ur back and with the 
point very light and easily deflected just as la the 
front wheel of a 1 Icycla, developed an alarming ten 
deuejr to turn sideways, or to swap ends like a skidding 
antomot lie or to spin on Ita bate Uke a wabbling top 
Any one of the three wrecked tissue and Inflicted savage 
wounds ik^< to the soft point bullet used for game 
•hooting and by the British fur use on savagss 
Colonel Rooeevelt In his African trip of 1900 was 
the lint truly promlnert personage to call to public at 
tentlon the deceiving nature of a bullet that promised 
ou the face of ft, to make war more attractive He took 
with him to Bloat Africa a sporting model of the Gov 
or meul New Hpringfleld and for this be took both the 
old, blunt nose bullet, with soft noee for game sboot- 
1 g and some of the regular Government cartridges 
with the ICO-grain apltasr bullet, lust aa Issued to 
troops. After a few weeks lo and behold he abandoned 
the old sftft noee ammunition and used the spitser Gov 
eminent stuff exclusively for the good reason that it 
was more deadly! And, mark you more (Madly than 
soft nose bullets specially designed to expand and break 
op and inflict horrible founds. 

Then In 1910 fctewart Edward White the noted 
i o relist, sought the Hut African country ^uh 

him the duplicate of the battery of the famous Colonel, 
Including some of the soft nose old type bullets for hla 
New Hpringfleld and some regular apttsar 1 OS-grain 
bullets full jacks tod, tor the mm rifle, te 
Uke bis predeceaa«u^e speedily abamJKd the bear 
lor longer blunbnoerand eoft-potnt bullets, for the 
full jacketed sillier bullets aa used by many of the 
civilised nit Iona Ou this first trip he k jitrl over two 
hundred head of Mg game. He actually hit 186 bmd 
with the Hpringfleld army rifle, and ha bagged lit of 
thane animal s three of those wounded and asoaptng, 
being animals going to ground Uke jackals Thus pne- 
Ifcully no iulmat bit got away wounded and the died 
ltneea of thli bullet was pond superior to era the 
specially designed capped English Mg gras ballet*, 

made to I rank up and Inflict all the damage |-"-f- oo 

flesh. 

Borne yean ago the Buerian Bed Oreee qomp Ml aefl 
to the Buarian Minister of Wet against the qdtwr bul 
let tl h Just ad ipt >d by the Germans and Austrian 
alleging that It had been proved beyond doubt that this 
toilet Inflicted leedleasly severe wounde by its 
end wild night through tana. Without dsubt the Mfh 
speed of the bollat aide this effect Without dqabt at 
the longer rungea, 800 yards or more, whan the MO* 


has lost half of lta original meed, this effect la net to 
be found When you oonetder a bullet traveling With a 
veledty of dose to UOO feet a second and mdnnlng at 
the rets of over 3 000 revolution* per aeooad It Is May 
to understand that if it got to cloning widely oo Its 
rear end instead of truly oo its axle, the effects would 
be those of a tar larger and mote severe bullet 

The term dumdum, used glibly by newspaper corre- 
■pondenta, la not at aU applicable to the bullets that 
may have been deformed or partly wwed through by 
some misguided people eo either side. In the early days 
of the 303 bore British Lee-Mstford, among the earliest 
of the small bore, high speed rifles, the British found 
that the email full jacket bullets would not stop In 
furl*ted or frnatioal Indian billmaa. The bullets 
romped right through, delivering little shock exospt 
when striking vital parts and the fanatics hit did not 
go down. They might die In sixty secood* but If this 
time were enough for them to get to the British line 

and use their knives, the time was too long So the 

little British Last Indian arsenal of Dam Dum was 
given the job of changing «round these 090 caliber bul 
I is to Inflict great shock and atop a charging man. 

They did this by cutting away the jacket of German 
silver at the point, exposing the leaden core The lm 
pact on the body of a man would cause the lead to 
flatten out or mushroom and the jacket to strip or rip 
back giving a missile with a great shock giving power 

This was the father of all modern soft-noae game- 

Khootlng bullets The original dumdum was changed 
about a bit, bring mada hollow nosed, the jacket bring 
cut away at the point, and the core baring a bole bored 
down In It to cause more ready expansion This took 
1U place In the II e of British cartridges bring known 
as the Mark IV White agreement* among the civilised 
powers forbade the use of any bullet, altered or de¬ 
alt ed to produce expanding r explosive effects, the 
heathen were not reprmented and it was so much the 
worae for the h e a t h e n . 

These Mark IV bullets were nasd &o the hlllmen of 
India for yean—and maybe yet—and were later used 
on the derriaheo and on the Matabelea of Africa 

Bat the modern epitser at lta still higher velocities 
aid its unsteady performance In tissue gives result* 
that are more frightful than any dumdum Wen this 
ot true, then the Afri c a n sportsmen never would have 
abandoned heavy soft-noee bullets for a lighter full 


ffnro if the ADM* dM mm te dentes buOrie tW 

would very probably turn to mlarilas more merciful and 
leai destructive than the perfectly dvlUaed and au 
tborleed sharp point missiles 

It lx true that the splteer bullet doaa not always go 
through the same performance Doubtless this la due 
to the range. Game is killed under 000 yards most of 
It under 300 What the ballet might do at this range 
it might not do at all at 800 yards er farther Bo to 
draw a parallel between our same shooting experience 
and war wa most also consider the rangaa need This 
la not to my that the greater number of mm bit an 
ot hit at practically guariebooting raugsa. but It ta to 
explain why men may suffer seven wounde, or merely 
lean punctures from the self same dam of bullets. 

National Standard Bone Coapllaga and Btttafa 
for Public Fire Service* 

Thb movement for the adoption of standard fln-bcee 
ooupUngi dates from tha great Boston fln of 1872 wfamh 
■bowed the impoarfHbty of the fln department* of ad 
jaoent towns acting In muaoa when provided with the 
divers* sixes of hose fittings then prevailing 

The matter was taken up at the first eonration of 

eonratfoiie fo nuoMdiag years The naolutious 
gradually became more definite although little was 
accomplished toward bnaffbag about the dashed shangas 
usdfl tiie agitation remi n d a n*e tonpdtos trees fee 
Baltimore fln in 1904 when neither the Watiringtou 
Philadelp h ia, nor Now York fln engmes on their arrival 
eooJd make ooaneotfams with the lose! fln hydrants. 

This eondtiko led the Merohanta A Mhucs TVenumr- 
tshoa Company In A pril, 1904 to request th e mentor y 

the subject of fin boa* eouptings The mas t ery re¬ 
tard the matter to the Bunn of Standards and to 
the investigate wUah followed, it was found that thwe 
was a gnat dtrmty la dm and Oreads c t eoam Ha gt 
throughout the United State*, it was evident that 
owridenfak is p mee would be avohred in timgjng 
from one standard to another and Sfceafen, fit the 
eepfareoee of the nngimtnm of the Nntiteti fits Pm 
taction Amoetatiouend.j m e rin ee Water Wofta Mm e te 
Am, held ta New Tosk rity, iftSMfc, lNMfctftmm 
ef titudarde —p l ed that sUm the theead mat 
•rieMfnl, rad or th* (bead whMh pmme flw 
n^adratagmh>pAmsepeeeLP>totbaadotte*. 


that 7H threads pm ipsh dmM be teraun ew M for 
Sttfaeh fln-boes oaoptagsThk thgnd was tip® ■* 
gerded as ntei—rily an Ideal standard, hut was eota- 

tidcred as a psaetieabU batis for ntifcation tmdw 

At ths annual eo nra tion of the International Asm tie 
two of Fln BagfaMan at Duluth fat 1906 tide etmoderd 
was adoptsd after lengthy dMemfen and at DeBaa in 
1900 the convention re Pinned the action taken nt 
Duluth and made its rooord oompteta by adopting tha 
national (tainted epeelflnaMona covering oou pfta gs at 
3 and 3tf inabes ipnde dmnwter each to have 6 threads 
to the loch and a 4^-inah eoupllng havfa« 4 tfaraade 
to the hash 

Btnoa than a doaen large ocganhatioa* have adopted 
the national standard Tha report of the eosntittee 
of the Amerloen Bodety of Meehaofoal fofkwn, 
adopted December 3d, 1913 treats Its prma* Status 
in a very dear and eomprshsntive axmm with ser¬ 
ge* toons for converting non standard eo upll nge for ssr- 
vioeahle Inte rchang e with the s tandar d Up 

to 1B14 the national standard had been put into aerriaa 
in 287 towns and oitiee either as new equipment or by 
adaptation of non-standard ooupUngs to laterohaag* 
with the standard 
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the more mpottant announcement* of diettn 
guithed technologuti, to dtgett tigniffoant wM- 
clce that appear tn European puiUootiom, and 
altogether to reflect the moet adaonoed thought 
in toienoe and utduttrg throughout thpioorid. 


Wa wish to call attention to ttetetMMtati art in n 
Position to render oompatent writes hip) branoh 
ol patent or tradu-mark work. Oer StiNpv Mgnti 
of mechanical electrical end ebemfoil pjper ts. thor 
oughly trained to prepare ang promoutaWti Patet ap- 
puoattoUs lrmnctlvA of tba iwrtot Hhotsro of tbo 
■abject matter Involved or of ttemdUMpteChniael, 


or eclentiflc knowledge roqnlred thesedeA 
W* ate have aMsflatae thMughant. ft# weeld wl 
assist In tba proaecution af teMbt and itnteamk a 
ip ell oomph* fcreQft lo tha Hath 
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Pathology of Mental Disorders—I* 

Modem Aspects of Certain Problems 


By Edwin Goodall, M D., Load., B.S., F.R.C P., Load. 


IVhxn 1 wan tumoral wllb uu lUYltatlou to deliver 
tlusi, lw lures before the college 1 deemed It a duty to 
make It < liar that It would oot, In my judgment be pu« 
mbit lot any one whose work lay In tbe domain of 
payiklatiy to bring before you at tbe present Lime an 
array of substantial limits based upon wleiitlde re¬ 
mind! such aa would foi a moment compare wllb tbe 
rt Hulls available for a genetal patbologlat a baeterl 
olnglat or a woi leer In tbe general domain of path 
ologtcal chemistry Tills disability la doubtlexa lecog 
utied by tbuae whom 1 bate tbe honor to address 
briefly It depends flratly upon tbe Inherent dlllli ulllea 
i lln problems of tbe pathology of meutul disorders 
uud msoudly upon the deplorable aepararkiu of peyibl 
ati v from tbe other branches of medicine In this toun 
Li y mure especially a separation which 1 am glad to 
believe la nearing Its termination In view of the com 
lane live paucity of facia available for Uu purpose* of 
my theme It la ncceesaiy that my range should be mane 
vilest wide and 1 shall have bluaelly speaking to dealt 
with the results of imlholcgltal and baiteilulogUal re¬ 
scan b with piobleius of aitlubollsm with chemical and 
utruJoglcal observations and with cutalu tberapeut! 
mesuitres based upon observation!. In cllnle al pathology 
uoumi) uiaruuioY is menial hi ska he 

Already JO years ago dissatisfaction with tbe results 
of histological research was expressed and the advent 
of thu worker In tbe Held of blochetnlsUy was desired 
1 he lilstolugleal work of those who bad gone before 
wus lecogulsed us ludlspeusable, while we weie nut so 
foolish as to believe that It was complete It was never 
the less felt that tbe knowledge we possessed of the 
morbid histology of the brain hi mental disease was nut 
mean and that the time laid arrived when follow lug the 
rational course we should search for tbe pathologies I 
factors which bad expresses! ibtiuselve* In tbe modes 
with which we were familiar there lemails*] and 
there still remains tbe problem aa to the degree of re 
spouslhUlty of the histological lisle its for some of tbe 
symptoms perhaps characteristic symptoms of Ibis or 
that kind of liueanlty by virtue of spcclth localisation of 
lesions In speclUe kinds of losaDlty 

At tbe present time we have to record that there are 
In most notes of mental disease uncharacteristic brain 
ebanges but, largely owing to the powerful impetus 
given to histological reaoareh by tbe work of Alihelmer 
uud Mssl and their pupils i haracterlstlc brain ihsugcs 
have bceu shown In mental dlseaso associated wltb 
syphilis In tbe progressive dementia which accompanies 
some isses of arterlu-sc lerosla and In senile dementis 
On tbe other bond the histological lesions found In Ute 
fulh whig clinical kinds of Insanity are not character 
latte the kinds grouped under tbe term dementia 
praeox the alcoholic Insanities so-called manicdepres 
slve Insanity acute delirious mania Insanity with 
t pllepay though It be granted that In tbe last mi ntinned 
Instance a diffuse (enthral gliosis Is found In case* 
dying froth lutercumnt disease after years of tbe 
malady ibere is no evidence of characteristic loeall 
aatlou of (lie lesions found in the brain lu tbe psychoses 
either as regards the brain as a whole or as regards 
layers of the cortex cerebri or constituents of the cor 
lee unless tbe luvolrement of the mesodermal elements 
In the psychoses primarily due to syphilis or aasot luted 
with tiypenasomlaals are so considered 

tux dimintia rastcox a sour or assn 

I am not 1 think jus tided In detaining you with 
observations upon morbid histology In mental diseases 
further than Is necessitated by a reference to the par 
titular cases of respectively tbe dementia precox group 
and dementia paralytica In studying the pathological 
anatomy of the uses nowadays grouped under the name 
■dementi* pnecox we are faced with the difficulty that 
death seldom occurs In an early stags of the dteaaa* 
and when it does It Is due to lntarcurrant m«i*(H«s 
especially tuberculosis which may themselves be par 
tlally responsible for the morbid appearances The die 
ease Is not due to lethal causes Incidentally the same 
Is true of other psyc ho ses such as tbs systematised 
delusional disorders and even manfc-depremdve liman 
lly as a rule Zlngerle* rightly points oat that ou 
most further discount appearances which may wefl be 
referable to mere congenital defect of development. 
There bring no characteristic anatomical picture tor 

• Abstracts fnm s lecture dallvsnd baton tka Boysl Oot 
l ft r PhyalcUaa of LuuOoa 
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tbe disorder as a whole, Its subdivision, clinically, into 
three groups obtains of coarse no support from tbe 
standpoint of pathological anatomy Tbe points to be 
noted for verities that from the observations made op to 
the present are that, at any rate for the variety wen 
Lloceel tbe lesions—of the Individual rie m sn t s which 
ere In no way peculiar, but are those found lu many 
hi ute sud recent mental disorders (degenerative ooodl 
ttous aa abown by modern methods In nerve and glia 
cells) are found throughout the brain, the cerebellum 
and the basal ganglia, that they are especially pro 
n lunoed lu the deeper layers of the cortex tvrebrl, 
that they concern the ectodermal element* (degmere 
tlou) especially and tbe mesodermal to a much leas 
extent (absence of Inflammation) Hbould these obser 
vs lions be c unarmed they would afford a means of ills 
I lugulahlng anatomically between this clinical variety 
of dementia praeox and such diseases aa dementia para 
lytliu Insanity due to lues cerebri, to arterioeeleroeU 
uud to c tirunic alcoholism In which vascular and peri 
vascular changee are marked If couflnned they would 
|s tut to tbe cuuclualoa that maladlai whli h an amoi 1 
nit*! with lesions so diverse must be unlike lu patbo 

DKMIltTlA PAXAI I TIL*. 

lu regard to tbe morbid anatomy of dementia para 
lylha It la admitted that white none of tbe met row uplc 
tr lull i use uplc lesions la pathognomucle, those together 
form e whole which Is eharaeteilstlc To tbe naked 
oji the combination of the Indications of long standing 
Ivptn meningitis especially pronounced aver the fronto¬ 
ns i letal area of cortical erosions of wasting of the pre¬ 
frontal gyri and granularity of tbe ependyma of the 
ventricles la characteristic Histologically the diffuse 
nature of the Infiltration by products of tnflamwaUia 
of the vernal walls traceable throughout the vessels 
tin listing the tin eat the tendency of the lnflltratluu to 
keep to the vessel walls and perivascular area the 
Huptrabundome of plasma ceils them are character 
tstli Home might claim that tbe multiplicity the 
gravity and tbe widespread distribution of all the 
lesion* thioughout the nervous system are character 
iNtll 

Itaiotu in Dementia Paralytica and Cerebral Lurt 

Hue has selected tbe frontal gyri almost aa matter 
tl »ouree as the most likely ones In which to hud the 
Hplroi hieta pallida and recent writers appear to And 
the organism with less difficulty In them than else¬ 
where Having regard to tbe fact that the morbid 
histology of the brain In dementia paralytica, and In 
diffuse LPiebral lues 1 think 1 may alio say, was—If we 
< \ till plasma cells and rod cells—wall known to path 
oluglsts lu lttKi It Is somewhat snrpilaiug to mi that I 
taiiuot remember that anyone theu pointed out I lie ditu 
vulty of differentiating between these two tomUlUms hv 
histological examination lln failure to raognlvt or 
Ht any rati to lay stress upon tbe resemblance between 
these two histological pictures I ascribe to the absence 
of co-ordination between workers lu psyihlatry and 
in urology sud to tbe fact that the Importance of syphilis 
In the pathogenesis of dementia paralytica was not than 
recognised It was not 1 think until by patient cllnl 
cal observation and Inquiry Into the histories of cases 
evidence of syphilis was found In a large proportion 
that such evidence was sought for by tbs methods of 
morbid histology and no doubt Interest In this Inquiry 
waa further promoted by the result* obtained by tbe 
application of the method of corn pi amen t-der la tlou to 
the serum and eerebro spinal flntd of general paralytica 

Utrtlnsslet* (1911 and 1911) described rix eases la 
wbieb syphilitic lesions—such as meningitis and 
miliary gum mate -ooaxlated with changes typical of 
dementia paralytica I cite the above work as lndloat 
lug how, In recent tinea and In the light of better 
knowledge of the pathology of dementi* paralytics, a 
i loos relationship has been found between tbe Mans 
of diffuse cerebral lace and of so-called mctaaypMUttn 
disease of tbe brain Tbe Importance of the plasma 
cells In Um latter ha* been exaggerated I have already 
alluded to the extraordinary abundance of tfasae els' 
menu in the brain of the ganenl paralytic, and tide 
appears to be a efcanotarMfc of dementia paralytics, 
I believe also of sleeping stckMa. But they an aot 
peculiar to any facial dte&re, they have beta de¬ 
scribed In oerabml tarn, la aoMpedfc Wvnpbemte, 
and In non-epedfle fuel of tnftemmatioa to the central 

it, ’mT'trimdtoft 1 ffr^smMria' i te m dm! i^ad 'tty- 


nervous lyatm “ 1 hoy appear to coostltnt* a mods of 
reaction to dlffeioul toxic agents. 

Jit Mont of iiosMratio Paralytic* sad Control fiypMMs 
lbs demonstration of tho mist sues In oertaia eases 
of diffuse cerebral lues and dementia paralytica qf tbe 
same cerebral lesions and tbe demosstratien at It 1 *** 
falatutogloal fastest Illustrating both condition, la the 
same brain, lead* to tbe suggestion that para¬ 

lytica la merely aa unusually late rnaritoatatfcm of 
syphilis of the brain. The number of ayphfitire who 
develop tertiary ienioui la the brain Is rare, oooofdtng 
to Henacben, 1 of 754 only 17 86 par oent do so. Tbe 
number developing dementia paralytica la still rarer, 
statistics place tbe lneideno* at 4-5 per cant Aa to 
development of dementia paralytica In oases at oscebro- 
sptnal loss, MaUausebek and Pika 1 found that of lie 
cases of the latter condition only 2 got Um former 
This observation Is particularly interesting It la In 
keeping with the ullnleal, anatomical, and histological 
evidence furnished by typical eases of dementia pare 
1) He* which demarcates the condition from cerebral 
lues To this ha* to be added tbs evidence furnished 

disorders which have been mads in quite recent times 
which, al though doubtless In need of oonflrmatlen and 
amplification go to show that In dementia paralytica 
there are well marked disturbances which are not found 
hi lues uerebii, so that loom additional factor would ap- 
piar to be operative In tbs former case Never!helms, 
atypical cases of dementia paralytica are not few, and 
In these It dues not seem pomdble, whether by clinical, 
iwrologkil anatomical, or histological mean*, to dlf 
ferentlate tho condition from diffuse cerebral lues 
Nmropatklc Inheritance in Umetal Porolyiit 
those of us who hare reached a certain age aUt 
recall that aa students we were taught that this disease 
occurred In person* in whom as a rule no w^s n jsHilc- 
lutuuitanee could be found Not only had me own 
Uvea been usually exemplary, with the possible excep¬ 
tion of lapses In t remote youth, bat they earn# from a 
sound stock Naecke,' however. In numerous publlm 
tlous based upon most and prolonged In 

vestigatlooa, has shown that hereditary prsdlapoaltlmi 
to ne rvous disease Is vary considerable In demmitU 
paralytics, scarcely less so than In other kinds of In 
saulty and that such certainly estate In 00 per cent 
of i sees Bchroeder* Unite neuropathic lehrirain-y and 
< v Ideuce of neuropathic disposition In tha patient him 
self In 77 8 per cent of oases. The observation of 
Hchrocder as to evidence furnished by the patient him 
self points to tha Importance of leaking tor evidence 
of defective development as furnished by a study of the 
■availed stigmata of dagsnsratlon, In the adult In 
sms In a paper published In 18HF I dwelt upon this 
subject and submitted tbe «bourn of examinati on I had 
lieen following, bat In carrying out snob Inquiry ws an 
uk 1 with the difficulty of obtaining control observations 
'Haiti normal Individuate of the same age-period*, social 
class and district as the pattente Such controls would 
require to be carried out with the * as wall aa the 
living subject, for there are of eonne anomalies of 
formation of internal aa wsU as of external organs 
(Internal and external stigmata) The above are no 
Ukbt hindrances. Observer- are exc e e d in g l y tow who 
have grappled with this difficulty, presnlMOt among 
them 1* Naecke He aseerte that external sad Internal 
otigmata are more frequent, grave, and wtdMpceed la 
general paralytics than in normal rirfow. he finds 
that In ths former, la so far as tie brain la eoacansd. 
“lcrogyrte, anderateed frontal oonrotatiems (eepe- 
ciaHy), and the rarer variations or annmaltea of tbe 


r tbanutaMaonrel per* 
•ora- The general paralytic's brain hi iSpfaa'ai'de- 
fletent a* ooo faeefcs quotas Vugf, 
seraationa by Bondonte of noreuoa, from which It 
appsarl that tbers is la tha jnvreffe general para^tica 
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ilWtHit by Mm a ombttl osrtu vbloh Id rarlotu de¬ 
tail* U tauMtare (smbryocal layer-formation, taper- 
. feetodU, ftnomellra of the medal la ted substance, eta). 
IteaPHWTdbopitliio Inheritance Id dementia paralytica 
Is. regarded by Jmrioi and Arndt 1 * at the neat most Im¬ 
portant tutor to uphllta. 

Comparison of Sleeping Btcknett on* Oenerol Partly tit. 

The fact that eyphlll* preoedad seneral paralysis 
haring been eetahUahad. It waa highly suggestive when 
atteotlou waa drawn to the tact that (leaping sickness 
—a coodltton haring a remarkable clinical and patho- 
lc«lcal tiheaeaa to general paralysis—followed main 
trypanosomiasis, a dlaeaaa with points of resemblance 
to syphilis, aa la well brought oat by Browning amt 
lldtenato. 11 According to Hchaudinn the aplroclucta 
pe ltMa atanda near the trypanoeomo In the protoaoel 
group. It b to be noted that trypanosomiasis doen not 
land to T*tir*"I sickness In all cases by any mean*; 1 
do not know In what proportion the sequent* occurs, 
but the point la of intoreat by analogy with tho parallel 
dronmatanoe in regard to syphilis and dementia para¬ 
lytica. The curability of trypanosome freer and of 
aypbllla contraata with the Incurability, at present, of 
■leeplng sickness (the dementia of trypanosomiasis) 
and dementia paralytica. 

In marked contradistinction to the Infrequency with 
which tho treponema In still found in dementia i»nt- 
Ijrttca la the frequency with which the trypanosome waa 
found by Vlx In sleeping sickness (Uh out of 70 caw*, 
In the blood or cerebro-splual fluid;. Another dlstluf 
tlon la that the prodlrlty of the froutal lobes to suffer In 
the farmer disease la nut noticeable In the latter. The 
trypanosomiasis recently described as frequent In 
Brasil, otherwise known as Chagas' dl ease, und due 
to the T. Crual (which Is found lu all regions of tlie 
brain In cases which run a chronic course and Is-coine 
demented) appeam likewise to result sometimes lu a 
condition resembling dementia paralytica. 

guidenee of Tonic Procett in Dementia Paralytiea. 

Cases of pellagra are on record" In which the psy¬ 
chical symptoms and neurological signs (reflexes, pupil¬ 
lary condition, speech) have resembled those or ile- 
meutia paralytica, bnt the morbid anatomy of the brain 
was not Inquired Into. But before the evidence of ante¬ 
cedent syphilis was available. and long before the points 
oT resemblance between sleeping sickness and dementia 
paralytica were known. Uie clinical and pathological 
evidence of the toxic nature of the morbid process In 
dementia paralytica was recognised aa strong. Krtm 
the clinical standpoint there are the exacerbations and 
remissions, very suggestive of recrudescence and 
quiescence of ft toxic process; the variations of tempera¬ 
ture, of on known causation, and only found when the 
temperature Is taken several times dally over long 
periods; and the nelsures. The latter ore comparable 
to those observed In umnla end eclampsia. There 
Is the polynucleosis of the blond In connection with ex¬ 
acerbations, end some would sdd that of the cerebro¬ 
spinal fluid. Ah regsnls morbid histology, the well- 
known changes lu the walls of the cerebrospinal vea- 
seta. In the perivascular and Interstitial tissues of the 
central nervous system, are suggestive of a toxic 
process. But these changes. Including luflltratton of 
tlieee tissues with lymphocytes nnd plasma cells, are 
not limited to the nervous system. 

Hpimchatei in Ike grain Cortex (a Dcnmtto Paralytica. 

Our knowledge may be summarised thus In regard 
to the demonstration In sections aud Dims of the brain 


cortex. 

Noguchi'S statistics," aa published up to July, 1UU 
dealt with 200 rases; the organisms were found In 
nearly 20 per cent In sections. Mnrlnesco and Mlnea" 
found thorn, (apparently In sections) In 1 case out of 
26—nearly 4 per cent; I«tsU 1U, Marie, BankowaU" In 
sections, In 8 Unt of 82-10 per emit. By the treen 
Dim method of Footana-Tribondeau (sUver Impregna¬ 
tion, after (l «i» g and mordanting), LoeOer'i fresh 
method, fltsl dark-ground lllumlnatlou they found tho 
organism in 0 out of # rases—88Ji per cent It Is to 
he noted that the last-mentioned authors obtained these 
eethrfhetory molts In cane a which died In from 1 to 14 
axmtbk after the dlngnosk of the malady—that Is, In 
rapidly programing rases; furthermore, 8 of the B died 
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duration. In the rase figured by Uhlenhuth and Mel- 
aor, In thalr "Atlas at Experimental hyp hills lu Bab¬ 
bits,” a syphiloma waa produced In the testicle by In¬ 
oculation of brain material from a particularly early 
rase of general paralysis, Scbolberg and Hoods 11 ex¬ 
amined fllau prepared from the cortex of Uie frontal 
lobe ou the morning upon which death occurred In 1 
rases, all of them examples of long standing disease 
(dementia paralytica), the dsrk-groand, Indian ink, and 
Fimuua-Trlbuiidoeu methods being used, lu none wore 
undoubted splrocluptm found, although doubtful In- 
stHuces occurred In two of tbe cases, From the fore¬ 
going It appears that statements still vary consider¬ 
ably as to tbe frequency with which the splrorbiete has 
been demonstrated lu tbs cortex cerebri In dementis 
paralytica. 

L'kanget (a Ike sorrow tytlrm at a remit of experi¬ 
mental inoculation with material containing tplrochata 
paUtio.— Although many more lnvestlgsliona are re¬ 
quired, with parallel observations uiksj other tissues, 

It la obvious from those recorded by Jakob and Wey- 
gandt" and a few others that the entire nervous system 
is involved in changes of an Inflammatory nature In con¬ 
sequence of Inoculation of the splrocbtete; the morbid 
process Involving primarily the’membranes and blood¬ 
vessels, with production of Inflammatory fuel, sugges¬ 
tive of automata, of abundance of lymphocytes plastna- 
and rod-ccllH, with gllaprollferatlou, aud the like con¬ 
ditions, such ss we are familiar with In sectlona of the 
general paralytic's brain. 

Diphtheroid Orgeat. 

There are bacteria found In tbe tissues of general 
paralytics which It Is easy to dismiss a merely capable 
uf Inducing secondary inflammation, hat I do uot think 
we ss yet are sufficiently acquainted with them tu as¬ 
sert as much as this. While unable to follow Ford 
ltubertaou tu IiIm vicars ss to the causative rdlo lu de¬ 
mentia paralytica of certain "diphtheroid'' organisms 
descrilsNl by him, 1 ttalDk It desirable that his results 
should be borne lu mind, aiul not unlikely that tbe 
record of results obtained by the study of other bacteria 
will accrue to be collated with hi*. Tho dlphterold 
organisms described by Ford UobertHon" have tieen 
shown by him In largo numbers, and associated with 
inflammatory changw of the part* Involved, Invading 
Ibc walls uf the respiratory (Including the nasopharyn¬ 
geal), alimentary, and genlto-urtnary tracts, In the foci 
of catarrhal pneumonia which occur In caHc* dying In 
“congestive" selxures. In tbe walla of the cerebral ves¬ 
sels, lu the perineural sheath of the trigeminus. In tho 
pla-arachnold, lu tbe blood, sis] the ccntrlfugsllxcd tlo- 
l>oslt or the cerebro-KpInal fluid, In the nrlue—In all 
them- fluids especlslly after selxures. They Invsdo the 
lymiihaths of the parts Involved. Tb« mucous of the 
tracts Involved and the subjacent tissues present evi¬ 
dence of chronic Inflammation. The bacilli have Ih-cii 
cultivated from the blood, urine, sod <-erebro-Hplmil 
fluid, ltats aud a goal luoculHled with tln'iu from a 
case of general paralysis develiqssl iwretle symptisus, 
and histologically leslisis closely rcsrmhllug those of 
early general paralysis were found. 

At this point I would refer to an Interesting state¬ 
ment of Oerlettl," to tbe effect that In connection with 
“cimurro" (glanders) In dugs, months ufter recovery 
from tint catarrhal Infection, a demented state slowly 
supervenes, with ultimate cachexia sud destli. It up- 
pears that some veterinary surgeons regard this i-tsull- 
tlou as the same as dementia paralytlcu. In It Oerkttl 
has fouud a chronic encephalltla with diffusa lympho¬ 
cytic and plasma-cell lullltratluii; aud the cortical 
lesion* be considers like those of dementia iwnilytlcn. 

The Question of Kurt Ncrvota. 

Since the demonstration of tlie splroehsdo In the 
brain at geoeral paralytics attention has been mainly 
focussed upon a particular problem In the pathology of 
the disease—namely, Its relations lo syphilis. The rarity 
of tbe disease In syphilitics, tlie mild nature of the 
antecedent syphilis In general ixiralytlcw, tho clinical 
and pathological peculiarities of general paralysis, the 
difficulties surrounding the detection and culture of the 
splrochmte In general paralysis, the difficulty of inocu¬ 
lating animals with this organism as compared with 
the organism of ordinary syphilis, these and tho like 
condderatfoos have prompted the suggestion uf a splro- 
rlnate with special affinity for tho nervous system, the 
possibility, In other words, of a luet nerrota. Tbe soil 
b often not a normal one, there Mug, ns baa been 
said above, erideoce of neuropathic Inheritance In u 
considerable proportion of general paralytics. 

(Tu kt ooutinued.) 

"Jakob sad Waygasdt: Mflachescr MartlelsbK-he Wocheu 
acbrtft, Kft «7, 1*U, 

"Ford Rstertsoa; Journal of Mental arisen, April, IMS); 
Ford Bobertaoe aad McRae; UAL, Jnly, 11)07; Bovh-w of 
Ksanisgy and P s ys brio gy , voL vtL, UW, ate. 

"Oariattli hlttota flgss—atale dl ffnalatTU, vol. axxvttL, 
Ns. A UUL 


Electrical Engineering and Race Progress 

To wiiat extent lius Uw science of the electrical 
engineer uontnhulcd lo human development by im¬ 
proving human progress and efficiency? 

Tlie anas er to tins fWiimtiug (pication may 1m found 
in like very thoughtful iimiignrwl address which Dr. 
A. II. Bailing gavo ru-ciiily u* i-luiirniun of tlie Birming¬ 
ham Local Sis-tion of tiiu liislilutiim of Klre-trical Kn- 
guiecra. As is pointed out in Iho address, eUsilrical 
ongiuvvnng i* a power working for tho fom-s of eivi- 
litation if it ennbios ua lo mako IsHter use of mutter, 
either by increasing tho niinils-r of vonoUos of matter 
or by producing them more cheaply, or by making lwtier 
use of their pro|H<rtics; if it enables us (o make In-Ucr 
usoof tlie available energies, if it increases the space limt 
can lie inhabited aud made use of by men; if it increases 
tho physical or jncntul ]s»wer and eflieieney of each in¬ 
dividual. Truly, the mtluouee of electrical cugimsTiDg 
in all IhisH) divurso direclions lias Iss-n, uml still is, 
uumonso, aud a Ireutiso could Ihi written on each. Dr. 
Bailing contents hinisolf with a few w'oll-eliusen ex¬ 
amples. First, wo sco how ideally natural energy can 
lie harnessed, as is tho case with water and wind power - 
to givo oloolriu energy ul an efficiency of 90 ]>er cent on a 
commercial soalo. Then there is tho iiueation of dflcienl 
tnuumiaBiou of generated energy, which cau bo dlvcted 
so well that power lines of DO lo 100 milca in length, 
with 80 to 90 per oeut efficiency, are in ordinary uso, and 
this could Imi inished still higher if free energy became 
ao ecarco Dial a Inglu-r capital uutlay for llu- tnuismisHion 
lino were mlvimilile. Tho only ullcrnative, transmission 
by radiation, while practicable and earned out for 
small amounts of energy, is yet iiiipnu-lirbliie for large 
quantities, for IIm name reason that light cannot lie 
transformed eonvcliieully into eleetrieul energy, i. o., 
because uu effieieiit mis-humsm of Lraiisformalioii has 
nut yot been discovered. Here is upeued up uu ex¬ 
cellent potential Held for research. 

Having shown how mankind call Iwncht from tho 
ready generation and transmission of electricity, Dr. 
Boiling next discusses souiu of ita apjilicutious and 
their merits. Here wc are on familiar ground discussing 
what electric lighting has done Tor llm world, Iww "it 
mokes us work more efficiently, obviates to a certain 
extent tlie differences between Urn sumsins in countries 
uf high latitudes, and prolongs m general Ibu time of 
work and life under suitable sanitary condition*;" also 
tho advantages of electric heating, "of which wo are 
only at tlie beginning." 

Besides them, things elisilric.ity has given us a new 
metal in aluminium; it lias allowed ua to produce lugli- 
eloss shall in a new way; to produce new substances 
of great voluu to the world, e. g„ eurlioruudum and cal¬ 
cium carbide, besides having revoluuoniml the acu-ace 
of extracting meluls from the ores. Kloelncul Iwomo- 
lion is another meuiis whereby Iniimin progress bus been 
advanced, it has increased the spaui wlm-li can bo 
iuliabitod and made use of by mankind (liven a definite 
number of human Is ings. an increased rapidity ol loco¬ 
motion ha* till) i fli-ct or decn-uMug distances, tliereby 
increasing the nulius of aclioii for every bumuii being. 
But eliv tru-ity does more, hence it ulluws us wiu- 
vemcutly lo transform available energy, it is a great 
equaliser, ll allows us hi priMlucu lower temperatures 
m but elmialcs and to produce heal 111 euld ureus; it 



ami recover swunqis. Activity of tins kind is going 
on all over live world- m India and on the I'auaina I'aJuiL 
ll ri-sult* everywhere hi Is'ltcr living eouilitiona, and ih- 
creasea llio areu llml > un Ihi inhabited by nuiii. 

Finally, l)r. Bailing reminds ua of the applications 
of electrical ungincenng in tlie directum of the diagnosis 
aiul cure of certain discaws. There is the galvano- 
eaustic apparatus for tlie local uppheulion of heat; tho 
l<6ntgen appsreius and ita ally nuliuui, wlucli with tlieir 
Immbardmenl of con>useles allow o* to see and reach 
internal tissues wnhuul using the knife. 

Electrical eugiuivring in tliua nuislering mailer is 
trying to probe into tho moehamsm of living organism 
and problems which concern man's isidy and mind. 
Theso endeavors, in every result lluvt they Imvn aciiieviHl, 
and in every one Hint they will unravel, mean increase 
m the efficiency of the individual -the supn mo mission 
of electrical engineering. - The l.ondon /Judy Tthgraph. 

A Curious Property of Silcuium 

Ax Interesting experiment with selenium wus re¬ 
el ally described to the Physical Society, lu laiudon, by 
Mr. A. A. Cmnplicll Swlulon. If selenium be mouuled 
on u cotipor plate and placed In a glass cell containing 
an electrolylo—lap miter by preferoiico wllb carbon 
or copper as the second electrode, the selenium prevex 
electro-itosltlve In ibc dark, but Inromcs electro-nega¬ 
tive Ui carbon or copper liuiuudlatoly ll Is Illuminated. 
Illumination Is effected by an electric projecting lan¬ 
tern, t bole being pierced through Ibe carbon or ciqqier 
pints to allow Ibe light lo fall on tile selenium. 
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Fig. 1.—Harvesting hemp on an Indiana farm. 


Growing Hemp in America 

Facts Relating to Its Culture, Qualities and Preparation 

By Charles Richards Dodge 

If mu wai ever a time when hemp ealtare In the thrive* at an elevation of 4,000 to 10,000 feet—and in antlon of the element* and by freezing and thawing In 

Thl* method of rotting i* 


United State* ought tn pay It la the present, aa owing China and Japan. It ia found on both the eaat and weat the early wilkter a__ _ 

to the war in Europe the foreign aupply ha* been oon- ooeata of Africa, and It haa been introduced Into Victoria, prac tiled to a very «m«n extent in Europe where the 

aiderabiy curtailed, and prioee ol all grade* have been It 1* aa widely cultivated in the Weatern Hemisphere, uiual custom I* to ret in piU or pool* of water, which 

greatly lnoreaead. Onr Import* of thl* fiber are derived and ha* been naturalised in South America north of lnanrea a more even quality of fiber, and a lighter color, 

chiefly fropi Runic and Italy, the Italian hemp being Rio Janeiro. In the United State* the culture haa been American water-retted hemp haa bean *old at 8 cent* 

a high grade, almoat white, fiber of auperior itrength— carried on chiefly in Kentuoky, Indiana, IUinoii, Mis- per pound when dew-retted wa* bringh* half that figure, 

in fact, the finest hemp prodnoed in the world—and aonri, Minnesota and California, though the main aupply When American hetnp wa* used in the United State* 

of which thla country haa taken a* high a* 4,000 tona haa been produoed in the lint namod State, where die navy, before the day* of Manila and steel cable rigging, 

in a year. The fiber Imported from Rnaala la of lower plant haa been cultivated for a century. Last year’* the fiber was required to be water-retted, 

grade, darker in color, not so carefully prepared, and of erop Is said to have been the smallest on reoord, owing, Hemp is a plant of rosy growth, aa it flourishes in a 
lam tensile itrength than the Italian, but well adapted it is claimed, to tariff changes, and In Kentucky to the wild state in many parts of the world, and in portions 

to oertain lines of American manufacture. The hemp fact that there 1* more money in tobaaoo raising—the of onr own oountry, where It has escaped from oultJva- 

grown in thla oountry is, for the most part, quite inferior low prices that have ruled rearing the culture unproflt- «... 


» that imported, bring a very dark slaty gray in color, 
and more roughly prepared, but at the aa 
strong and adapted to the manufacture of ooane twines Ruarian hemp bringing 7 and 8 oenta, 
and small oordage, for whieh it ia largely employed. 


But simple growth, and growth for good fiber an 
two very different things, and a farmer going into the 
Prioea have ranged from 3 H oenta to 0 cent* per pound, culture without knowledge, and a oertain dagrae of skill, 
—•--" — J " —*- -■*- wfflbelikaiy to have only hi* labor for his pain*. Skill ia 


dined, although between 60 and 80 years ago we pro- soaring—a fair grad* of imported fiber bringing 13 
duoed In a year a* high aa 75,000 ton*. But that was 
before the era of Manila hemp and jute, when common 
hemp wa* used for the m a nuf a c ture of begging—for 


equal to any demand. Now that the American aupply particularly required in the after preparation, whan the 
is nest to nothing, the foreign supply curtailed, and prises crop has bean grown—that W to rip. in the ratting and 


. _ cleaning of tb* fiber. 

. _ worth while for American To insure the best result* in the culture the-.work 

grower*, especially in Kentucky whae the culture i* *o should begin tb* prrvioo* fad, whan the land la plowed, 


Q understood, to put in an pstn erop 


dag#, even clothing, and other llnea The Importation If the European w 


to be followed by spring plowing and harrowing, for the 
the ground should be finely prepared, limestone soil* 
ibould antinoe for *evwal yean, ar» partieularty favorable; <' “ * 


of Manila hemp In Increasing quantities started the de- a* Lord Kltohentr predicts, the foreign supply—of scab as an found la tb* river h 


dine, but the admission of jute butt*, time of duty, in 
1872, finished the b urine** and drove every hemp mOl 
out of existence. The production of hemp fell to 12,000 that can be exported. However, Italian 
tons a year, and in reoent years the production has fallen costly for most 
to 5,000 tons or lem. Last 
been under 1,000 tons. 

While our hemp imports an limited to the fiber of the quality of the fiber 
only two or three countries, the plant la almost univers¬ 
ally grown. A native of central and western Aria, it 
has been carried by cultivation into all temperate and 
tropical cHmatee It ia cultivated ia central and eonth- 
n Russia, Hungary, Germany, Franc* and Italy, and 


feast—may be stfll further curtailed, to this plant, the larger part of the Breton bmp of 
1 of hemp France being prodnoed alone the ember st 
ip is too or dry soils, or heavy teesM 

_by Amacieia n **** tn If fnfrwky grow n, n^| _ __ 

I’s crop ia mid to have any event than is sun to be a demand for Amrioan- fertWeen, olafantag that tt to not at _ _ 

grown hemp at fair prioea. But to eeeun “war prioee” do not erhanet the ecil, a leading groww In giving Ue 
“■---* "- 1 be improved to ae to mon experience Mating that be bad prodnoed efcopa Mr, IT 


a many portions of Aria—India especially, v 
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Fig. 3-—Breaking kemp by ■irfitur j. A kemp gin la epsratloa. 


practice hM always been to on fertiliser* liberally. 

In France a rotation of crop* 1* practisod, hemp alter¬ 
nating with (rain crop*; although competent authorise* 
•fate that It may be grown oontlnnally on the tame land, 
but not without fertiliser*. In Italy where the highest 
gmde* of fiber are produced, and rich, atrong loam* are 
ohoson for the culture, the land la highly fertilised. 
Here la the pratioe that waa formerly followed In Bologna: 
First, manure and olive husks; second manures (some¬ 
times hen manure); third, manure and tha chrysalides 
of silk worms; fourth, manure and more olive husks— 
a "mind diet," hut very eOeaeious. The tough hemp* 
of Japan and China arc largely due to the heavy fertilis¬ 
ing given the son with barnyard manures. The general 
praotlee In Kentucky la to burn the refuse, after cleaning 
the fiber, and spread the ashes over the land. In a few 
words, the highest results can only be attained by fol¬ 
lowing In a measure the practice requisite for producing 
a crop of fine flax fiber, the ohirf a m en t ial* being a thor¬ 
oughly well prepared seed-bed, and proper fertility of 
the soil. Weeds are the bane of the flax-grower; but 
the hemp-grower need not fear them as the hemp plant 
la a most thorough weed exterminator, and a crop of 
hemp la sometime* put in to oloan a piece of land that has 
become over foul with the seeds of troublesome weeds. 

Of equal Importance with soil selection U seed selec¬ 
tion, and a weD filled seed should be chosen, of a light 
gray oolor, glossy and heavy. Mr. Dewey, of the Depart¬ 
ment of Agriculture, Informs me that In a recent letter 
from Messrs. Glass and Glass of Camp Nelson, Ken¬ 
tucky. It is stated that they have some seed of the 
Minnesota No. 8 variety, which haa been developed 
by selection at the Minneoot* Experiment Station and 
the Department of Agriculture Borne of the plant* of 
this variety In the seed-breeding plot of the Department, 
the put season, avenged 3.06 mo ton high. Regarding 
the proper quantity of seed to sow praotlee differs. In 
Fiance IM bushels per acre la oomddsrad the proper 
amount; In Italy 2M bushels; hi New York u high as 8 
bushels wen sometimes put fat, while In Illinois 1 to 3H 
buahdianused. The general rule followed In Kentucky 
for many yean has been to use 83 pound* per seta, sown 
broadcast and dragged in. The method of broedeut 
ending employed gsnaraOy in that State is to use the 
ordinary grain drill, after removing the rubber tubes, 
and »***»*t"f a board Just under the hopper, to catch 
and acattm the seed as It fiBa, the drill hoe* just behind 
doing the oo raring. 

After tha need )■ fat the ground than la nothing further 
to be done until tha plants an grown, end tha stalks 
have reached thsb maturity, which la determined by 
tha finding of ripe toed in tha heads—In Kantuoky tin 
average time is about IDO day*. Harrwting was done 


like a righto, but more sweetly the work of cutting has 
bean a o oo mp ite h sd^by m aahtaery. Tha us* of swsep- 

eahtiss an ordinary aMoring machine la smploysd, with 
a bprteoatal lair attachment placed about 4 feet above 
ftittbri bar, to band tha stalks over In the direction 
that ^atoMtoaateawviag. Hlseald that with a8M- 


cutting, the stalks may be allowed to remain on th* 
ground as left by the machine, although if the crop is 
heavy they should be turned, u required, to assure 
uniformity In the curing. A better praotioe, but one 
which entails more labor, 1* to let the stalks lie until 
the leaves have fallen off, when they are made Into small 
•tacks and allowed to remain in stack for a period of 
two months, a/tor which they may be spread over the 
ground to he retted. The advantage is that winter- 
retted hemp la brighter than that done in October. 

In these days of highly improved and efficient labor 
saving machinery, it Is somewhat remarkable that the 
greater portion of the hemp fiber prepared In this country 
Is cleaned on the clumsy wooden slat brake that haa been 
used In Kentucky probably for a oentury (see Fig. 2). 
I found a similar form of brake in use In Brittany, though 
of lighter ooqstruction, being made of both metal and 
wood, and having seven instead of five slats. Breaking 
hemp in Kentucky, by hand, la an expensive operation, 
the work usually done by negroes, costing $1 to 81.26 
per hundred pounds of fiber, and the best workers can 
dean no more than 160 pounds per day. Only half this 
quantity Is done on a Barths farm in France, but tha fiber 
Is very much better prepared, and is worth twice as 
much money. A very primitive machine haa been used 
in Italy, which first crushes the stalks, then deans the 
fiber by beating; before the hemp Is ready for market, 
however, it Is still further oleaned, and all extraneous 
matters removed. 

It is claimed that nearly 300 patents have been Issued 
in the United States for machines for breaking hemp, 
the majority of which have proved absolute failures, 
while only a few have been found practical, most of there 
turning out Inferior fiber. One of the matt successful 
machine brakes, known as the Shely hemp gin (Fig. 3) 
has been In limited use In Kentucky and elsewhere 
during the past eight yean. Th* davloe, mounted on 
wheels, weighs 7 tons, and is drawn by a farm traction 
engine which supplies the power when working. With 
a crew of fifteen men It will turn out 1,000 pound* per 
hour of dean, straight fiber, ready for baling,'the^broken 



Fig. 8, Bus king bgap by hand. 


fiber and tow being thrown out with the drive and waste 
mat ten. In this machine the stalks are fed ddewise 
and the delivery of the fiber Is made in exactly the same 

Regarding the cost of hemp production 20 yean ago 
in Kentucky, the expense was estimated at 824 per acre 
with an average yield ot 1,000 pounds of fiber. A crop 
of Japan hemp, grown In Kern county, California, oost. 
Including baling and freight to market, 807 per aero with 
a return of 7,000 pounds of fiber. In an article on "Hemp’’ 
in the year book of the Department of Agriculture for 
1913, Mr. Dewsy give* the total cost par aero at 83fi 
(on the basis of a 50-acre plot) with a return of 760 
pounds of long fiber and 210 pounds of tow—yielding a 
profit of 820 per acre. The long fiber is figured at 0 
cents and the tow at 4 cents per pound. In considering 
these figures It must be remembered that every oent 
added to the selling prim of the fiber is juat so much 
dear profit. That Is to say, the expense aooount being 
already settled, an advance of 4 cents per pound—or 
10-oent hemp—on the basis of 1,000 pounds of fiber per 
aero, would mean 840 additional profit. Surely, at the 
present high prices of hemp, the American culture ought 
to pay, without regard to tariff oonsideretions. 

The Illustrations in this artiolo are from negatives by 
Mr Dewey, Fiber Botanist at the Department of Agri¬ 
culture. 


Gunshot Wounds in War 

Pklivebino a Hunterian oration before a meeting of 
the Royal College of Burgeons, recently, Sir Wataon 
Cheyne described several Interesting experiment* which 
lie had carried out regarding the disinfecting of gun¬ 
shot wound* prior to their being more elaborately dealt 
with at a bam hospital. By mean* of microscopic lan¬ 
tern elides the lecturer demonstrated the effects of 
various antiseptics on colonies of bacilli which bad been 
placed on waxy substances, representing suppurating 
sores. With the exception of one earn, where a can- 
position of corrosive sublimate had entirely dispelled 
the bacilli—much to Uw surprise of the lecturer—car¬ 
bolic arid and creosol had proved the most effective. 
The experiments, be said, had been carried ont by a 
committee formed of Fleet Hurgeon Basset Smith, Hr. 
Arthur Edmunds (attached to the Royal Naval College 
at Chatham), and himself, and they proposed to pursue 
these further Id the endeavor to solve the problem of 
effectively dealing with gunshot wounds, which had 
mystified medical men for ages past. 

The object In view was to Introdnce Into such wounds 
at the earliest possible opportunity after Infliction an 
antiseptic which would remain there, diffuse In the 
blood of the tissues, and Inhibit the growth ot the bac¬ 
teria until such time as the wound could be thoroughly 
disinfected. He felt sure from the experiments carried 
out that the dangers attending the necessary delay In 
conveying wounded from the firing line to the base 
could be entirely removed, and waa hopeful that com¬ 
plete disinfection of wound* could be effected. Snob 
problems, however, could only be solved at the front— 
The London Daily Telegraph. 
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Atoms and Ions—III* 

A Comprehensive Discussion Especially as Related to Gases 
By Sir J. J. Thomson, O. M., F. E. S. 

(Continued from SciBNTinc Amckican SuppumtKT No. 3063 , Pace 391 , May 8,1916 


If, opening bis third discourse, tbe lecturer old that 
ho proposed that afternoon to discuss the subject of 
Ionisation as u result of rliriulenl reactions. Had he 
been lecturing on this topic ton years ago he could have 
spoken with much less uncertainty as to the reality of 
this phenomenon than It was possible to do to-duy. For 
many years, Indeed for most of the past century, physi¬ 
cists held, with the utmost eonlldenee, tho opinion that 
chemical action formed one of the most efficient ways 
of producing eleotriftontlmi. Tlio methodical studies of 
recent year* had. however, shown tlint the pifierlmenti 
relied on for proof of this proiwsltlon were really viti¬ 
ated by spnrions effects. Uncertainly, In fact, arose 
from two distinct causes. In the first place, electricity 
was produced when a gun bulihled through certain 
liquids, and this fact put out of court all the expert- 
ments In which gas was generated us the result of a wet 
reaction. Another rilHhirhliig farter was that at high 
temperatures solid ImsIIch gave out electricity. Many 
chemical art Ions were nissmnmnlcrt by a great rise of 
temperature. Hence, ir solid iisrtlcles were present as 
a resnlt of the renctlon, these would necessarily lie 
at a very high temperature, and would give out the 
electricity whh'li was formerly ntlrllmted to the chemi¬ 
cal action. 

To llliislrnte the effort of (lie source of uncertainty 
first slluded to, Sir Joseph Thoiuwm placed on the top 
plate of an oUM'tnwcnpo a Paid dish contalidiig sine, (hi 
adding hydrochloric ncld I lie electroscope was rapidly 
discharged, owing to Hie eleelrlllrtltlon of the hydrogen 
generated. 

For a long time, Prof. Thomson continued, It was 
not doubted that In Hits cMierlroent the electrlllcatlon 
was directly due to (he llhcrnttnn of the hydrogen from 
the acid hy the sine, tr this were so, however, In 
whatever way Ihe ncld nrted on the alls', Iho hydrogen 
produced shtsild Is- elei'tillled In some very beautiful 
experiments lllis-h liuil. however, shown thnt when the 
reaction took place Is'twecn gaseous hydrochloric ndil 
and finely divided line, there was noeleclrlllcntlon what¬ 
ever. The reaction wna the name ns before, the only 
difference being that It was not accompanied hy the bub¬ 
bling through liquid of the gas liberated. This ex¬ 
periment proved that former Interpretations of the orig¬ 
inal experiment had been erroneous 

As matters stood there were undoubtedly many chemi¬ 
cal reactions which were lint accompanied by any per¬ 
ceptible cleetrllleallon. A very Interesting ease was ttiat 
of the combination under diffuse light of hydrogen with 
chlorine to form HCI. Tills reaction was one of the 
must vigorous known, mid lie luid lilmself employed the 
most delicate means to ileteet whether any electricity 
was liberated h.v It. hut the nwilts were absolutely non- 
tngl, even when the rapidity of the reaction were piudied 
as far as was consistent with the safety of tho appa¬ 
ratus. Ahother very vigorous reaction was, he con¬ 
tinued. the oxidation of nitric oxide when allowed to 
escape Into the nlr. 

Hy nddlng nitric ncld to copper the lecturer liberated 
nitric oxide, which was passed through n (liter of eot- 
Inn wool to take out any Ions due to the bubbling of 
the gas through the liquid as It was generated. The 
gns thus cleaned was then direct oil on to tbe top plate 
of an electroscope, anil the copious red fumes pro¬ 
duced boro evidence to the vigor of tho renrtlon In prog¬ 
ress. The electroscope showed no signs of leakage, In 
spite of the largo amount of chemical action In progress. 

The cases so fur trentod were. Htr Joseph proceeded, 
Instances of chemical combination, but processes of dis¬ 
sociation were equally rhsrarterlacd hy an absence of 
electrlllcatlon. One very Interesting Instance was the 
decomposition of nickel carbonyl, which was effected by 
heat at a temperature below that of boiling water. Tbe 
nickel waa deposited ns a bright mirror, and carbon 
monoxide liberated. This reaction, he said, had been 
very carefully Investigated In the speaker's laboratory 
hy Prof Smith, but not tho slightest algo of any ac¬ 
companying electrification was to be detected. The dis¬ 
sociation of araentnretted hydrogen, which also decom¬ 
posed at a comparatively low temperature, had been 
studied by Bloch with equally negative results. In fact, 
while It jras easy to give Instances of chemical reactions 
which showed 119 Ionisation, he would ha hard put to It 
to give a genuine case In which chemical action was 
accompanied by Ionisation. 


The matter might, moreover, he regarded from the 
viewpoint of tho energy changes Involved. In tbe last 
lecture ho bad given a list of tbe energies required to 
Ionise stoma of different elements; that was to say, the 
amount of work ne ce ss a ry to detach a negative par- 
tide frem 000 of these atoms, so as to leave it electri¬ 
fied. Of all tbaaa given In bis list mercury was by far 
tho easiest to ionise, requiring 4.9 volte, while oxygen 
required 9 volts, and hydrogen 11 volts. Hence, to elec¬ 
trify an atom of hydrogen or of oxygen would require 
hii expenditure of work represented by at least 0 volts. 
If this energy bad to come from that liberated by 
chemical action, one would expect that the energy liber¬ 
ated on the combination of hydrogen and oxygen to 
form water should be greater than 8 volts. As a mat¬ 
ter of fact, however, It amounted to 1 little less than 
*2 volts. Hence It would appear A priori that there was 
not pnnugb energy available from the chemical combina¬ 
tion to effect electrification of either the oxygen or the 
hydrogen atom. Indeed, the omalLaot of the numbers 
given In his list of tho previous week represented an 
energy greater than that developed hi any known 
chemical reaction, raealhly, If tbe list were extended 
to include ouch electro-positive elements as sodium and 
potaarium, this might no longer be true. 

Nevertheless the apparent Insufficiency of the energy 
m ailable did not entirely dispose of the question ss to 
the possibility of Ionisation by chemical action. This 
would ho Ihe case if It were permlmlble to Imagine that 
chemical action consisted In one molecule of a gas 
rushing past that of another and seising on It; but, as 
n matter of fact, the marriage of tbe atoms did not 
take place In this haphaiard way. It was not merely 
the resnlt of chi ore collisions between partlclca rush¬ 
ing through space at velocities comparable with those 
of iMir largest projectiles. Hut'h marriage* always oc¬ 
curred In regions more densely populated than the aver- 
ngc via., where tbe gas was condensed on the walls or 
ini nuclei Ilia ting In tbe gas. This being so, It might 
quite conceivably take less energy to electrify tbe atom 
or molecule In a solid or liquid condition than In tbe 
KUHCoiu state. 

In his first lecture he had shown, the lecturer said, 
that when ultra-violet light fell ou a deaa sine plate, 
negative electricity was liberated and escaped, leaving 
the line positively electrified. Now there was reason to 
believe (hat a definite amount of energy was associated 
with each kind of light, this amount being inversely 
proportional to the wave-length. Thus, In the case of 
the mercury line having a wave-length of 2,038 Ang¬ 
strom units, the energy associated with this wave¬ 
length corresponded to 5 volts, which was that re¬ 
quired to Ionise the mercury atom, and light of this 
wavo-lcugth could accordingly Ionise mercury vapor. 
This light lay In the ultra-violet: and In the visible 
spectrum, tbe wave-length being longer the associated 
energy was correspondingly ta, tud If one went up to 
the extreme limits of the red—-via., to wave-lengths of 
about 7,000 and 7,500 Angstrom units—the energy avail¬ 
able for Ionisation would be only about one third of 
(1 volts, or, aay, l.fi volts, which waa not greater than 
was liberated In certain chemical reactions. This red 
light though of too long a wave-length to be visible, 
was, nevertheless, competent to os use a liberation of 
energy from certain kinds of solids. 

To show this, th* lecturer employed a glass vessel 
coated Inside with a very thin layer of rubidium. Tbe 
Interior of.the vessel was co nn ec te d by one electrode to 
an electroscope, and by the other to earth. The light 
which passed through tbe ruby glass of a photographic 
lamp was allowed to act on this rubidium oaD, aU other 
light being excluded, and nndar them conditions tbe 
electroscope showed a very rapid leakage of electricity. 
This occurred, si though the wave-Mgth of tbe light 
reaching the rnMdha* was wry long, and had assort 
a ted with It a merest nwllngly small aksouct of energy. 
These ruMdlum alia were, tbe teotum said, (suite as 
sensitive to light u the eys; In fhet, aoae worker* 
claimed them to be even more asHtHre. IV Haring 
carbon of an extingulahed matt* would, he arid, eftrite 
tbe cell .0 long is any vtsfMe rednem remained. 

fnm this experiMBt U appeared that tf we wen 
dealing with soffda, the eOwgy available h rtiimlral 

on e* a proof of thrir ease hy them who regarded g* 
eatabllefaed the reality of tcUhttllh hy cb—Vi smena. 


A great number of experiment* had, la tact, been made 
by Haber and Jnst with this oeD, and also with another 
la which the rubidium waa replaced by the carious 
liquid alloy formed by potassium end sodium. TMt 
alloy, the speaker continued, closely resembled mercury 
In appearance, and he recalled Incidentally tto oas by 
an American Inventor In an attempted fraud on Prof. 
Rowland. Tbe latter bad been commissioned to Investi¬ 
gate certain claims made hy this Inventor, and reported 
that if these were Justified, It should be poarifoa to make 
a barometer In which tbs mercury would stand for 
above the normal 80 Inches. The Inventor accepted the 
challenge, end brought forward one In whltffi the liquid 
(to all appearance mercury) stood at a bright of some 
yards. Investigation showed that tbe mercury had, 

In fact, been replaced by the sodium potassium alloy. 

This alloy, Prof. Thomson continued, liberated elec¬ 
tricity under the action of light Just as rubidium did. 
Haber and Just used rubidium inclosed in a highly 
exhausted vessel which they kept In the dark, and late 
It they pained small amounts of bromine or of phosgene 
gas. On tbe entrance of this gas electricity wsa liber¬ 
ated, and on determining In tbe usual way the nature 
of tbe carriers, those proved to he negative particles. 
Tbe experiment was repeated several times, and In all 
cases It was found that tbe liberation of tho electricity 
took place when one of the above-mentioned gasas was 
admitted. They attributed this ionisation to the chemi¬ 
cal action. It was conceivable that they were correct, 
but maay difficulties would have to be overcome to be 
sure of a dear-cut Issue, even In what waa apparently 
so very simple an experiment. 

The speeker had himself. In experiments made some 
years ego, used rubidium Inclosed In a vessel exhausted 
to the highest degree by means of charcoal and liquid 
air. Though Ihe cell was kept In the dark, some elec¬ 
tricity was always liberated, even under the very high¬ 
est vacua, although neither bromine nor phosgene gas 
was present The apparatus waa kept In tbe dark, and 
la a specially darkened room, tbe efficiency of tbe pre¬ 
cautions taken bring tested by exposing a very eenal- 
tlve plate alongside the apparatus for four days. This 
plate, when developed, was quite dear from any signs 
of fog. Nevertheless electricity was liberated, even at 
the highest vacua. He found, however, that Its amount 
was very much Increased by the admission of small 
quantities of hydrogen, which Intensified tbe rate of 
leakage several fold. It was therefore not at all dear 
that In Haber and Just's experiments the effect of the 
gas admitted was due to Its chemical action on tbe 
rubidium. 

He would Just allude to norae results which allowed 
•be Immense Influence which might be exerted by films 
of gss formed on the surface of metals. A very con¬ 
spicuous example was that of tbe emission of electricity 
from hot bodies. A platinum wire raised to a moder¬ 
ate red beat gave out a large amount of positive elec¬ 
tricity. If tbe same wire were, however, cleaned with 
nitric add and hydrogen eliminated with every ptosible 
precaution, the electricity liberated, at tbe same tem¬ 
perature as before, Ml to less than one thOllooth of Ha 
former value. Ik presence of a film of hydrogen on 
the platinum had, therefore, an enormous affect An¬ 
other case was afforded by the action of light on rubi¬ 
dium Itself, or rather on other metals which would 
not oxidise. Tbe action light on such metals was recog. 
utaed as befog very fickle, amj this .variability waa due 
to layers of gat eendansad on the surface of the foetal 
If this layer ware I ncre a sed or removed, the offset was 
extraordinarily largo. * 

The action of sods dime might be exptglnkd hy faaagta- 
lng that this gaseous foyer waa electrified If theaiee- 
trtfleattoo were positive, It would help thk tight to pull 
out "negative particles from the metal. Th* rifect wfl^d, 
therefore, b* due to something which was aot what was 
ordinarily Implied by the form ■obaaricol astion." HanA 
It was not fcmiHt as yet to my whether photoelectric 
effkcto das to light of rary long wavelength was not . 
ttngonalM* tar the mmlt* Obs er ve d ky Haber aattJtat - 
tight of tide (Marketer wa* tafod even forte k 4mA ' 1 
box, and tta eUeMbal effects found *«bt be dne to* 
layer of gas oondeaaed on theearfaoe at the rtfoi; ■ 
(tatataUr scree MtpafWanta taowed that ao *****, 
«** *» 0Mafow * tta layef * ga* *tre 
Hahy expert** ftr eeaxreta had be**** WWh 



SCIENTIFIC AMERICAN SUPPLEMENT Na 2054 


MNftgt fcitt • 4 cM> ton* Ira ran* to rereel. 00 as 
to fifatt (H» §m toatoMto m to rarftaon, it tu 
towto that no pboto-rtectric «cm* m to to otwrred, 
i jtfWH* orttoMiU- tin nttol «tooiW readily ra to 
tight of <nU» lone ware-tongth. This ni strong 
tm-ffzm? to U* Croat Ittom of eortaee lay*™, and 
atotott all too man dtttatlt to bo nn Out toe effects 
otooiTtd I ff Hab er and JW won not really attrttmt- 

ot k rn ooold bo dotooted. Thoa In a «b s ->^- 
alaotxttad Iff moono at MOotfa rtya, not ooo molecule 
to a taflttMt woo alo ctrtfl ad. Tbo apaaker bad worked 
out (ran a formula o t Boitxmann too nwnbor at par- 
toaho which would bo alectrlfled to a caa at different 
traporatoro In rlrtoo at the molecular cclltakma. Do- 
nottos by It, too mnabar of molecules not eloctrifled. 
by N, tooae negatively oloctriaed, and by N, tboae posh 
tlroly electrified, tbo formula arrived at waa i 


where V (Mooted the sped fled volume of the caa, R t the 
enemy poaneacd by a molecule (about one thirtieth volt 
atO deg.), a toe radlna of too atom or molecule, and to 
thoanargy required to Ionise a particle. 


IWa equation, he aboold add, tsqw raitod an ideal 
to whJoh the phenomena to rpinwiisi might a ttain, bat 
which need not noooosarily bo reached within a Unite 
time. All ouch expressions won obtained by Undine 
an arrangement which care the minimum value of acme 
function. Thua to too rim pie caee at the equilibrium 
(* hod In under purity, the tenoral theorem wu that 
tbo HUte wu moot etable when tbo center of gravity 
of the whole muoea lorolved wu it too loweat poo- 
alble level. 

If this were accepted without qualification, we 
should expect to And the whole population at the 
globe concentrated to Its nethermost pits. Such for 
“hi*, however, made no allowance for difficulties to be 
oreremne to getting there. Water to a dam on the 
table was, from toe viewpoint of toe general theory, 
le* stable than If spot on toe Boor; but before It could 
escape to the Utter it would have to have work done on 
It to rake It above the edge of toe glam. Again, calcu¬ 
lations based on these very general principle" led to 
the condurion that If hydrogen and oxygen were mixed 
together at ordinary temperatures, a by no means In¬ 
significant proportion of water would be formed. There 
was. however, reason to believe that the two gases 
might be left together for centuries without sensible 
combination occurring. In fact, for the reaction to pro¬ 
ceed, nn uphill road had to he traced at toe outset, and 
a catalytic agent wu needed to surmount toe rise. Such 
an agent acted as a siphon would In emptying a lake 


Premising this, the formula given showed that at 
2.000 deg. Cent about one particle In 74,000 of a gna 
should be Ionised. This wu quite ■ large number as 
compared with toe Ionisation effected at ordinary tern- 
permturre by ROntgen rays. Hence electrification by 
high temperatures waa quite within the bounds or pos¬ 
sibility. On the other hand, at 0 deg. Cent the formula 
gave the mult that In 1<F particles of the gas only 
would he electrified. Hlnoe there were only 10“ mol. 
ecules In a ruble centimeter of gas at normal tempera- 
hire and pressnre, It would be necessary to take a liter 
of gas to Include a single charged particle. 

The formula waa therefore consistent with toe known 
projierUe* of gases it ordinary room temperatnrea and 
with the conductivity of flames. If to a flame, sodlnm 
whs addgd, a metal which required less than the 10 
volts or 'so needed to Ionise oxygen or hydrogen, the 
number of electrifled particles was largely Increased. 

Tlie effect of beat on the liberation of electricity was 
of very great Importance also In other taspects. It 
might, for Instance, alter the nature of the carriers or 
the electricity. These were generally molecular aggre¬ 
gates consisting of a few molecules each. In seme 
chemical actions, however, large nuclei were produced, 
anil to this nuclear dust the particles adhered, so that 
the light anil easily movable carrier was replaced by a 
great, ln-ovy one, haul to drag along. 


Dried Beer-Teut u u Article of Food 

Tm Maturity of huahandtog the food supplies of 
Germany during the present war has led to a search tor 
mw souses of nutriment, from which additions to the 
daily bn of the nation might be obtained, and in tola 
aenitiny the tldU of the Germans In chemistry stands 
them to good stead. Attention has been called to the 
nourishment contained to straw, which would he of ser¬ 
vice if It could be extracted. Another proposition is to 
make use at dried bene-yeast as an ingredient to improve 
the flavor and dietetic results of various dishes. The sur¬ 
plus yraat aontained in the saum and dregs of beer has not 
so hr been put to any great use In Germany, excepting 
as bed for anlmsls and aa a fertiliser. Then is, there¬ 
fore, a large amount of raw material to work on If the 
suggestion, carefully elaborated in the German Journal, 
Uwuekoa, by Prof. E. Wetawnrm, should be carried 
beyond the trial stage. 

Van Leeuwenhoek, a Dutchman and the son of a 
brewer, waa, hi I860, the Brat person to Investigate 
microscopically the yeast of fermented wort, which he 
described as composed of small globules. It was not 
until the first half of the list century that It wu recog¬ 
nised by investigators, u La tour, Schwann, and Ratting, 
to be a vegetable growth, developed from a tingle cell 
aad propagated by germination. Meyen gave it the 
name of sugar fungus or Sacckaromyatt, owing to its 
prope rt y of tormenting a solution of sugar. The prac¬ 
tical working of the ferment wu known long before this, 
even though its nature wu not understood. AU brewed 
liquor* in these earlier day* were produced apparently, 
from remotest time, by aalf-fennentation. In roality, 
the yeast fungi floating in the air and the same on the 
surface of the malt and hope penetrated the liquid and 
earned the fermentation. The froth rising to the sur¬ 
face aad constating largely of now-generated yeast wu 
regarded formerly u an Impurity thrown out by the 
tormenting Hquid that should be removed. In the 
seventeenth oratory the discovery wu made In England 
that thta froth ooukl produce rapid fermentation In a 
wort. Oonaaquentiy after this to brewing beer the 
ySMt gained from one fermentation wu used to cause 
anatom. Pasteur showed that beer-yeut wu often 
filled with haettria. His researches were followed by 
those of Hansen who discovered a process of producing 
pan. yea et . In Hansen's process a microscopically 
determined culture yeast cell to prppagatad, under ex- 
ebriem of aB Infection from other-organisms, until a 
ssSMeat amount of pure yeast to gained to ferment a 
s pstetted quantity of wort. 

fit) moth yeast to obtatnod during fermentation that 
tbs Creator quantity of it cannot be used in the producing 
brewery. This surplus to Germany amounts annually 
toebdnt70mSBoa kilogrammes and to Austria-Hungary 
to ever 37 nrinkm kilogrammes. 8op» 10 mllikm kilos 
of totaoxtra quantity is takra annually for making bread- 
ysato- fresh yeast from beer eon tains 75 per eeat of 
water and a large amount of atbomra, so that it spoils 
riM$r. . Thta ton drawhssok to it* sale aa animal-feed, 
■wla tt hs uth lie Urge ooetra* of nitrogen and phoe- 
waatiaaftrtVier, the price paid 
# ktoproportion to ita value. Neither to toe 
. ■wdWnal ■«? dried ywsst wfestonUy large to redoes 
materially toe mate. ..OpigeqMattty, ae eot dtog to the 
"to sa t r .iwrifc—* way of employing 
"#flW^W*> Wto*todWsdboth a* fad arid 
fcirttoti MBwdtofar trades 


firing fermentation took up the question and found by 
practical experiments on horses, sheep, hogs, and poultry, 
that the dried yeast wu an excellent feed, when it wu 
freed from Uvfag oell* and enaymes and had the water 
squeezed out. It wu easily digested, nourishing, and 
readily eaten by the animals. As a result of such inves¬ 
tigations the yeast from beer Is now dried for feed in 
twenty-three drying factories In Germany and five in 
Austria. 

It wu only natural after yeast had proved to he so 
wholesome for animals that research should be made to 
make it serviceable u human food, especially as it was 
already used for raising bread. The writer or the article 
give* a comparison In percentages of the chemical com¬ 
position of the beer-yeast dried for food and medium Tat 
beef. He shows that the beer-yeast prepared for food 
contains 64 per oent of albumen, 7 per cent of ash. 3 
par oent of fat, 78 per cent of extractive substances free 
from nitrogen, and 8 per oral of water, while beef eon- 
tains 21 per oent of albumen, 1.6 per oent of ash, 6.6 per 
cent of fat, no extractive matter free from nitrogen, and 
72 per oent of water. 

“Aeeording the statement of Prof. Cluss," contin¬ 
ues the author, “the yeast dried fur food bu the follow¬ 
ing average composition: 6/8 per cent of water, 63/68 
per oent of raw protein, 3 per oent of fat. 25/30 per cent 
of extractive matter free from nitrogen, included in which 
is op to 20 per oent of glyoogen, and 7/9 per cent of ash. 
Thou figures show what an exceedingly valuable article 
of food the yeast is, and consequently how snitablc to 
take the plane of meat, and this all the more as the raw 
protein in Its composition reassnhles not the albumen of 
vegetable food but that trf meat. Along with its high 
content of albumen the yeast prepared for food Is abo 
marked by great digestibility, whereby the eater digests 
90 per cent of it and 88 per oent of its albumen. The 
ratio of nutriment between yeast prepared for food and 
hoef is u follows: 1 kilo of medium fat beef contains 
1,370 calories, 1 kilo of yeast prepared for food oontaina 
4,620 calorie*. Consequently 1 kilo of prepared yeast 
oorrmponds to 3.3 kilos of bed. In this yeast the pur¬ 
chaser obtains for 1 Mark (28 oents) 904 calories, from 
ordinary heef 023 calories, from fine beef 278 calories. 
The yeast prepared for food is therefore cheaper than 
ordinary hod.” 

The albumen of yeast contains 26 per oent of nuclein 
and the dried yeast about 2 per eent of lecithin, substances 
which hold a targe amount of phosphoric add, so that too 
ash Is rich in phosphoric add. The yeast prepared for 
food contains about 7 per cent of ash, 68 per oent of 
which is made up of phosphoric add (PA). This 
phosphoric add in the ash consists of 65 per eent of 
organically.oombtoed add and 36 per oent of inorganic, 
therefore the yeast prepared for rood contains 2.4 per 
oent of organically combined phosphoric add. As much 
emphasis is laid upon organic phosphoric add to dietetic 
treatment for re c ov e ry of health toe yeast dried for food 
has proved a valuable aid to sneh eases. According 
to onr author, when taken to small amounts several times 
a day, It ttimnbtaa the appetite (hardly a result to be 
desired shoqld food toll), and to a short time has an in- 
vigoMttog effect opon the graerel health. The prepared 
yeast having been well tested and reoogntaed by the 
German m e dic al profession, it is now much used in the 
large hospital end eharitebh institutions to Germany and 
to toe feeding of wounded and convalescent soldier*. 
“Aa regards ha preparati on ," continues Prof. Weto- 


wurm, “the surplus yeast is first sifted and washed, then 
the hitter principle of hops still existing from the fer- 
mentation of the beer is extracted. After this It is dried 
to a rolling machine at 125 deg. Cent. This heat suffices 
to destroy the vitality and enzymes of the yeast, the 
reverse of the process for drying yesst for medicinal 
purposes, where the' vitality anil enxymre of the yeast 
are preserved. The exposure to heat is so short that no 
KHsential chemical changes occur in the yeast excepting 
loss of water and destruction of enzymes. The srale- 
like yeast Is ground to powder and protected against 
dampness both in storage and transport. The yeast bas 
a ynllowish-white color, an agreeable odor and smell.'' 

Our author thinks the era of war the right time to try 
this food-yeast in tho kitchens of the German nation 
to supplement any scantiness in the supply of meat. 
To do so would help the larder and prevent the economic 
waste of the yeast- Praetieal experiments in using the 
yeast for food were tried in 1910 at Berlin by the ro- 
searoh institute for trades using fermentation in a manner 
similar to the cX|ierimeiils on the “poison-squad” at 
Washington. For four weeks 12 men belonging to the 
institute received daily at noon 20 grammes of tho food- 
yeast prepared in various dishes, which they ate with 
hearty appetite and good results. They were all in 
excellent health, gained in weight, and felt fresh and full 
of energy during the entire experimental period. 

Himilar experiments were carried on at tho research 
institute at Vionna of tho browing and malt industry, 
under the supervision of its director Prof. Cluss, who 
sought to in trod u«i the use nr yeast prepared for food 
in Austria. Several tests wore made there with soups: 
one wu a vegetable soup without meat, a second had 
8 grammes of tho yeast addod instead of meat, a third 
was mado with soup-stook instead of water, while a 
fourth contained both soup-stook and tho yeut. Tho 
volume of each experiment ms 0.25 liter, n little butter 
wu added in every ease, and the cooking wu carried 
on for half an hour, the water lost In boiling being replaced 
by hot wati*r. The result was tho following: tho first, 
soup wu miserable, the second proved a good average 
soup, while tho third wu ducidcdly bettor, and the best 
of all wu the fourth in which hut.h soup-stock and Hie 
yeut bad been used. 

The author also triixl sonic experiments in his own 
household and found that from one fourth liter of water, 

8 grammes of the food-yeast, and salt, a good-tasting 
soup could be made, somewhat similar in flnvor to houil- 
lon. Of his experiments in conking vegetables he nays' 
“Carrots prepared as a vegetable with water, nit, and 
the usual ingredients only, anil without I lie food-yeasl, 
were quite taalchns. When, though, I ho yeut was 
added, u 2>* grammes |ht ponton, tin- dish had a sub¬ 
stantial, agreeable flavor. As it is customary in the 
hotuo-krcplng of the well-to-do to prepare vegetables 
with the aid of soup-stork, a similar imrellrl uxpunmenl 
wu tried with anil without tlui food-yiast in the staled 
quantity. Vegetable* prepared with soup-stock and 
food-yeast bad much the best flavor, being thoroughly 
enjoyable, No tuto of the vi-asl a iu perceptible in the 
dishes. As the nxiult of my nmi rxjN-rimi-nls I nan, 
therefore, say: Kooil-youl nut only increases the nutri¬ 
tive value of viands blit alsu I tills them nil excellent 

The yeast has also Is-cn used in the preparation of 
other kinds of food, as zwieltaek. rake, i-lusuliUe, cocoa, 
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of Bin* drtnlir valdod nctloaa. Upon thli In ballt tbo ll*hter oaUld* hall of nrhn torpodo boot form. 

The Inner cylindrical section of the latent submarines for the AaatrUa nary. 


The Submarine in Naval Warfare—II* 

Problems of Design, Construction, and Recent Tactical Developments 

By R. II. M. Robinson 

Concluded from HeiENTinc American Supplement No. 2053, Page 208, May 8, 1915 


Ai.l. of the submarine operation* no for ohronioled 
during the preeent European war may be Raid to be in 
the nature of naval nidi, aa dialiugulHhed from strictly 
taetieol evolution*. The surfaco rodlu* of oven the 
nraaller type* of (uihmarina* ia quite sufficient for any 
of the raiding operations of which we have read. 

Undoubtedly the submarine proceeds on the surface 
to a lKiint where previous report* indicate that the 
onerale*’ ships ore, or ore apt to be. then comes to the 
awash condition* and wait*, if hi* quarry i* Righted, 
he may submerge and await him, or no direct his course 
an to eros* that of tho enemy. 

The fact that he was a long way from hi* hone was, 
at least in the esriy days of the war, on undoubted benefit 
to the submarine, as no one suspected him of being there, 
but, even if they did, hie invisibility when submerged 
and his aloes approaeh to it evon on the surface make 
him reasonably safe, though on a long run the crew 
might not be luxuriously comfortable. 

It is quite possible that the submarine will oontinue 
to be most heard from in this form of operation, to whioh 
its inherent qualities ore well adapted. The moral 
influence of this hidden dangsr and its constant wearing 
away of a near or far blockading fleet or one patrolling 
the seas to keep them open, as the British fleet is doing 
in this war, is not to b* underestimated in Its effect on 
the fleet itself or the public whom the fleet represents. 

1 have It on very reliable authority that tho Germans 
in the preeent war, in some instances, have used a Ashing 
boat or some other surface vessel, pretending It to be a 
mine-layer, as a decoy. 

The question of the too tied use of the submarine in 
group* is, however, of importance and will become in* 
oreaclngiy so. The maximum range for suoorarfui 
ottaok of a subnarinels limited by the drele of visibility. 
The sea horiion, viewed from a pwiseope 20 feet above 
the surface, is lust 10,000 yards. At this range the 
horizontd angle subtended by a OOWoot target is a 
little under one degree. When the periscope height 
Is 3 feet above water the sea horiion is distant 4,000 
ygktU, and when one foot exposed beoomee 2JOO yards. 

Tim practical difficulties of finding and t hen firing 
gg gpeoln on the horiion are so many ae to compel the 
submarine to toko advantage of her Invisibility and tm- 
munity from g unfire, to push the attack to dose quarters 
• Jmmil at tbs Tnnkdn lastltots. 


—2,000 yard* or less—or, If unable to do this, then to 
hold fire until more favorable opportunity offer*. 

What I shall give you now as to suhmsrine tootles 
1» quoted in acme port from a paper prepared by one of 
our beet submarine officers, and may be said to havo 
the weight of experience behind it. 

Before entering Into a discussion of the taotloa of sub¬ 
marines, one should first consider the various means of 
communication between submarines and snout* or shore 
stations before sighting the enemy, and between sub¬ 
marines themselves after sighting the enemy. 

On tho snrfaoe the submarine has the following m*nn« 
of signalling, tho order of their estimated value being as 
given: 

Radio (day or night). 

Searchlight (day). 

Searchlight (night). 

Shape signals (day). 

Flag signals (day). 

Wigwag or semopbon (day). 

Very’s start (nitfit). 

Wigwag torch (night). 

Submerged the submarine boa the submarine bell 
signal apparatus, and, more recently, the Feasndea 
oscillator, which performs the same function even more 
satisfactorily. 

The submarine beH can be used 'between submarines 
or between submarines and tender* or shore stations, at 
distances varying with the attending dreumstanoee. 
Under the most favorable oonditknis 0. e., all machinery 
stopped) signals may be sxehanged at distances up to 
8 mile* with fair locoes*. With machinery running, 
and tinder the moet favorable conditions (1. e., boats 
running in opposite directions), signals may be exchanged 
at diitansea up to one half mile 

Of the various means of rignaHing, none eaa be used 
In the face of the enemy without danger of betraying 
the presume of the submarine grout,}. 

As the rubmarinet of the types at present in exUteooe 
have a submerged speed probably Inferior to thr surface 
■peed of the enany, end as la that cos* the eneuy eaa 
keep out of torpedo range, it is important that no signals 
bo scat that might give the enemy wonting of the 
mam of submarines. 

It any be wise to hare give detiaiticu* to the ten* 
“Bght condition," "awash ooadWon," and "submerged 


condition,” w> that later refnenoca may be understood. 

A submarine in the “Hght" condition has all of its 
water-ballast tanks empty and has its cruising bridge 
rigged. 

A submarine In the “awash” condition ha* only tlw ^- 
water-ballast tanks empty whioh are habitually kept 
full when running submerged. The fore-and-aft trim¬ 
ming tanks and two smaller tanks, called the auxiliary 
tank and adjusting tank, ore filled with Just enough bal¬ 
last so that when the main ballast tanks are filled the 
boat will bo immediately ready for running submerged 
without furthw adjustment of ballast. Tho quantity 
of water in the trimming tanks and in the auxiliary and 
adjusting tonka, in the "awaeh" condition, is so small, 
in comparison with the total ballast, that the submarine 
has practically the same stability and safety as when 
running ‘‘light.’’ In the "awash” condition a small 
seotion of the bridge may be kept up for tho lookout, 
and the conning-tower hatch may be kept open and the 
radio rigged. 

A submarine in the “submerged” condition has the 
ballast tanks and other tanka so filled that then stfll 
remains a small reserve of buoyancy (0 to 800 pounds) 
and is all ready for submerged running. 

For tiw purpose of taetto, submarines may ba divided, 
sooerdbg to their capabilities, into thin damn, via.: 
hsrbor^We. ooast defense, and tee ksghgf offsariv* 

The taetlae of a group of harbor defence sahanrian 
arerimple. Thsir limited submerged radian and need 
do not enable them (o operate far from the entrenoe of 
the harbor which they are psoteetla* 1-Tle Ink of 

*'*^* t J* BM <* •***< «*• ** JS^sSSSS 

without giving the maty a ehte as to tits ohsoartM?* 
whereabout*. Any form of undwvwatsr ri gnMt g de¬ 
vice in use ot th* preeent time oan be aoeurateiy loeated 
ft dftw ft« by the eamajr. The apparatus fee Iptaltag 


area outride of the harbor aa Us wsti Mni, felin 
pom to bu n trieetrd **s s gysris &Z thThreg ; 


auy every monrn Hfip. For tut •«. i «kme tha 

plan of an rjttnkV' 
■adi hoa of a gnu would be as rimed a osrtafa 
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143 (net; lirwidth, 13 fret 4 Inches; draught, nt .urf.ee, 0 feet 8 Indus. Irtapla.wm nt ■ Hiirfnee, 335 ten.; submerged 300 ton». Mpeed; Hurfoee, 12 knots; subm«rg«l, 8.8 hunt.. 

One of two German-built aubmarinea for the Austrian navy. 

an pro too ted, and to bo at aunh a dlatanoe from the boat would act regardless of the other boat* and muat with greater offimt llw Damn dutioa that arc now ap¬ 
point of drfenoo tliat tho enemy will novor como within take the rink of ooiliidon. On thin final ohargo the sub- uompluliud by tho harbor dofeneo group, 

gun range. marine belle may lie rung continuously to audit tho sub- In eousidoring the taotloa of a group of "ooaat de- 

Moat of our harbora lend themselves naturally to luoh marine* to knep clear of eanh other. Having flroil their fence” boats it 1* assumed that information has boon 

a method of defence by the form of the channels leading torpedoes, the boats submerge totally, and reload their rereivod from reliable sources, scouts or shore stations, 

to them or by the presenoe of ialandi in tho vicinity. tubes if they liavo spare ton>edoe8. During tho porlod that tho enemy’s fleet is approaching our coast with tho 

A harbor defence group, having received warning from of reloading they may run at such depths as would on- evident intention of soiling a lutsc or of landing a force, 

scouts or shore stations of the movement of the enemy able them to pass under the enemy’s vessel, or, if tho Tho group proceeds at Its highest reliable surface speed, 

off the ooaat, immediately proceeds to the ontrsnoc, depth of tho water permits, tliey can rest on the bottom in column, in the “awash" condition, with radio up, 

leaving the tendon inside the harbor. Submarines until the reload is finished, when tliey should return to to intercept or to oome In oontaot with the enemy. The 

anchor In tho “awiah” condition, radio up, in tho cental the surface to inflict such further attack as is potsibio. submarine, with its low hull, can easily distinguish the 

of their tones, and keep a lookout for the enemy. By A submarine, having exhausted her supply of torpedoes, masts and otlier characteristics of a vessel when the 

tub-dividing the total area outside of each harbor Into has still a most formidable weapon in her ram. This submarine cannot bo scon at ail. On sighting tho smoko 

■mall squares and using short code words to designate has been proved in several instances where accidental or moats of the hostile floet, and having approximately 

squares and directions, scouts In touoh with the enemy ramming has occurred. determined its course, the entire group immediately 

can easily keep the waiting group of submarines in- The liarhor defence group, iiuving oxliaustod its means submorgos, after rigging down the radio, and.proceeds 

formed aa to the enemy’s movements. of offnnoe, should return to the tender, submerged, if submotgod at about one half mile distances, in the 

The waiting submarines, having been warned that In nnoemary, under cover of darkness, to replenish tore general direction of tho enemy, at such speeds and under 

all probability the enemy will pass olose to tliolr harbor, pedoes and storage batteries. luoh general instructions as may have been previously 

are prepared and immediately get up their anchors and For the night defence of Iha harimr submarines rev issued by tho group commander The lwiats of a suh- 
submerge as soon aa smoke appears on the horbson. main on tho surfaco in their xnno, being used in this man- marine group, submerged at one half mile distances. 

With a moderate amount of their psrisoopea exposed, ner most effectively as surface torpedo boats. Tho uan easily keep clear of each other, 

a submarine oan easily ace a largo ship In dear weather tootioi on tho surface as torpedo boats are similar to the Tliey should then maneuver to keop a position on 
for a distance of 7 or 8 miles. Tho submerged group, tactics omplnynd in surface torpedo craft, though as either bow of tho onomy’i column in order to insure their 

each boat in its aone. remains stationary until tho aunh they are somewhat less offioiont, owing to their getting within torjwdo range before being sighted. By 

movements of tho hostile fleet are definitely ascertained. lessor speed. "torpedo range” is meant 2,000 yards. This approach 

By the arrangement of the xonea the enemy must pass The distinction between a coast defenoe and a harbor must bo totally submerged, with an occasional “porpoise” 
doss to one submarine; tho other boats would then move defence submarine lies principally in tho greater sub- or periseopo exposure of short duration. Wbon within 

over toward the enemy at such speeds and with just merged and surface endurance, the greater submerged torpodo range periscopes should lie exposed enough 

periscope exposure to enable them to get within torpedo and surface speed, and the belter habitability condi- to keep an easy bearing on tho enemy, and the speed 

range without detection. Onoe within torpedo range, tkmi of the ooaat defence boat, which gives it a wider increased as much as possible to arrive within easy range 

they keep their periscopes exposed and make all speed range of action than its smaller sister. (botweon 600 and 1,000 yards) before the enemy has time 

possible to get within easy torpedo range to fire their It will be noted that in the defenoe schemes for cast for a oonoertod maneuver. Kaoh submarine fires its 
torpedoes at that part of the enemy's formation pro- and wnt coasts submarines of the coast defence typos torpedoes at the parts of the formation previously agrood 

vionsly assigned to them. In this last maneuver each were referred to. A coast defence group will accomplish upon, totally submerges, reloads as soon as posable, and 



fh8 < 'tah£wt>**( operates th# tOrlsgSpidsi* w4 for starts* Is s vertical plssa Is This show* th* roof, not tbs floor, of tbe submarine Interior. The hortuntal oyepteee 
{•ttrtt Wboei is S sens whore pointer shows tho dreth 0 1 th* boat The esrvod and lb* vertical tobwutm Inbe nr<irotated by mean ot th* band wheal whose plulun sngagre 

M 0 spirit tartwbkh shows th* ImUmHsb of tU boat so Internal fasr ring 


Eyepiece at kottogg of periscope. 
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return to the attack. tiling 18-lnoh torpedo** onpnhU 
of ancle lire, n four-tube boat should aet one torpedo 
to run 6 degree* to port of her keel, two to run straight 
ahead, and onn to run 5 degree* to starboard of her keel. 
* The movements of each individual boat in eon tact with 
the enemy will be depeudunt on the enemy's formation. 
A table showing the proper bearings on which to Are 
torpedoes with maximum ehauees of hits ha* been com¬ 
piled for every possible formation, and is readily under¬ 
stood by submarine ofQoen. It is not to be hoped that 
every shot will bo a hit, nor that every ship of the enemy's 
fort hi will be disabled. It is to be reasonably (upon tod, 
howevor, with the above metlwxl of firing, enough damage 
will result from tho diseharge of twenty toqiedoes to 
prevent the enemy from accomplishing its purpose. 

With Been rate knowledge of the onomy's whereabouts 
off the noast, two nr more coast defenec groups may be 
dispatehod to the pmhahlo destination of the enemy 
to deliver an attack as shown above. 

Hubmarine groups I laving exhausted every means of 
offence, including the torpodoes and mm, should with¬ 
draw submerged at low speed or lie on the bottom, if 
Dial is possible, until nightfall, and tlien return to tho haso 
of supplies under oover of darkness, charging their 
storage batteries on their way to the base. 

All attacks so for have been assumed at an enemy 
which is moving. Hluiidd the attacking group discover 
the enemy at ancluir, landing troops or estaldishing a 
base, it slsndd continue as above outlined, totally sub¬ 
merged, with only an occasional ''porpoise" of short 
duration, until well within torpedo range, when the pori- 
soopc should be kept exposed until the torpedo* are fired 
at easy rang)' at pre-arranged |iarta of the enemy's 
formation. No special difficulty sliould obtain in passing 
the line of the enemy’s scouts or pickets with the sub¬ 
marine* running totally submerged with occasional 
•'porpoise*.'' 

After the reload of tor|>ud<M« the submarines must 
aet absolutely Independently, as it is probably lm|Hissibln 
with the present lack of under-water signal facilities, to 
communicate. In all cases the chief duty and aim of 
the group commander must be to bring Ml of his group 
inin contact i nth the enemy and within torpedo range at 
the name lime. Having done (Ins, it is up to tho indi¬ 
vidual commanding officers to produce results. 

A “son-keeping offensive" submarine has been do lined 
above as a submarine which can kisip tho sea, ready for 
duty, under all condition* of weather, for considerable 
periods. Kuril a submarine group could obtain Its sup¬ 
plies from vessel* of the fleet which it accompanies, and 
be as mobile as any unit of the fleet. 


The tactic* of tush a submarine group altar contest 
with the enemy wifi be tbs same ** the taetio* already 
described for harbor defame and rote drfene* tab- 
marinee in eontaet with the enemy. The problem of 
maneuvering such a group Into contact with the ensmy, 
or, to state the eaee more accurately, the problem of 
maneuvering the enemy’s fleet into the "submarine 
danger area,” must be solved by the ooramander-in-ehlef. 

As an lUuftratkm of the use of one or more offenrive 
submarine group* aeeompanying a fleet, let It be assumed 
that the submarine* have a surface speed capable of 
cruising with the fleet at any speed that may be required 
to keep up with the fleet. Let it also be assumed that 
the submerged speed and the radhu of the submarines 
is about 13 knots for 1 hour, or about 8^ knots (or 4 
hours, or about G knots for IS hours—all within the range 
of present-day poeribihties. Suppose, also, that in the 
cruising formation submarine group* take position on 
either flank of the fleet The submarine group* are in 
the “awash" condition, ready for instant use. The 
commander-in-chief, having received information from 
bis snouts of tho presence of the enemy, or having 
sighted the tmomj, should Immediately send bis sub¬ 
marine group* "awash” off on a bearing previously de¬ 
cided upon, and then endeavor to maneuver his opponent 
into the area ooouptad by the submarines. 

The submarines may remain "awash” until the 
enomy'a smoke or masts are sighted. If our commander- 
in-chief possums a superior speed, he can ohooee his 
own position, and, having patience, can eventually 
bring the enemy into the submarine area. In this ease 
submarine groups should maneuver "awash" or "sub¬ 
merged,” a* is necessary to keep out of the enemy’s 
sight, and endeavor to attack the enemy's formation 
as soon as possible without interfering with the move¬ 
ment* of the oonunander-ln-ohief. 

if our oummander-in-ohief has the inferior speed and 
Inferior force, and if the enemy is determined to bring 
about an action, the problom of making him cross a 
submarine danger none is greatly simplified. The ap¬ 
pearance of several groups of submarine* within or very 
close to the enemy just before a general gun action would 
undoubtedly cause the enemy to so alter his plans and 
formation that he would be at a temporary disadvantage. 
Even If all the torpedoes shot mimed, the effnet on the 
morale of the enemy would be sufficient to give our 
commander-in-chief a temporary advantage. Most of 
the important fleet notions have been fought in sight 
of land nr oloao enough to shoals to oauae the movement* 
of the Vcosell In action to be somewhat restricted as to 
Bourses. In cases of this oharaoter the oommander-ln- 


ohief ean so station his submarine gi 


If tbeeommandar-ln-ehW derires to withhold the sab- , 
marine attack untH after the cnnflr* fae suhaarfa* 
ooun shcMitd he knot In the baApnumd within easy 
radio signal distance, but In doing this the commandos 
toohW will probably find it wfll be mors dUfeaH ft* 
the submarine group* to make a s uue em fu l daafe aero* 
tbe spaas between the engaged fleets, due to the inferior 
■peed of the submarines submerged. Ships of the may 
that an already disabled would in snob earn beeosne 
easy prey for the s ubm a rin es. Subm a ri ne group* ao- 
oompaaying a fleet are decidedly o ffensive weapon* and 
of the greatest value when used just presetting a genanti 
gun action. 

Arus* whloh might assist in forefag the enemy to h**p 
away from eertaln areas and thus liurwas the ritetwe* 
of making the enemy cross tbe submarine danger sons 
would consist of having the fast scout* of the fleet drop 
numerous poles, properly weighted, to float upright fa 
tho water, and painted to look Him a submarine pd- 
■oope. These same dummy periseopea floating Mb of a 
harbor with an ebb tide or dropped outrid* by mote 
or fishermen may greatly Infiuenoe the movements of an 
enemy sighting them. It is extremely difficult to dis¬ 
tinguish between dummy and rati periscopes, for h is 
easy for a submarine to lie submerged and stationary 
with only a small amount of pertaoop* showing. 

Something of this kind baa been amoenffuBy done fa 
fleet maneuvers ssvsnl times. 

The night mansuvera of a submarine craft an the 
same as far surface torpodo craft, nod the came taetioe 
apply. As there is no possibility of "torching," mid as 
the hull is so low in the water, it is extremely difflsult 
to pick them up at night, even in the full rays of the 
searchlight. Tbe maneuvers off Provinoetown In the 
summer of 1911 demonstrated that In nearly every ease 
the submarine could ooma within easy torpedo range of 
the enemy at night without detection. In a night 
attack submarines should remain in the "awash" con¬ 
dition, so that in ease of self-preservation, or to paas 
through a picket line, the submarine oan quickly mb¬ 
it may very well be that while I have been talking to 
you the submarine has again demonstrated Its effeotivo- 
nem, but whether so or not, it ha* already don* enough 
to make lte power felt. 

A weapon to which there Is no defense and no reply 
is one not to be tightly put aside, and no navy wanting 
in adequate number of submarines is complete. 


Commercial Glucose and Its Uses* 

A Misunderstood Product, Necessary for Certain Food Staples 

By George W. Rolfe 


Must well-informed iieuple know that in the early 
part of the last oentury Kirelioff was tho first to desoriiie 
a sugar made by boiling standi with dilute eulphurin 
avid, and that this sweet, wilxwquently found to bo other 
than oane-sugar was called "glucose” or "grape-sugar.” 
later it was termed “dextrose" when in the progress of 
science it became necessary to distinguish the individual 
from a whole family of "glucoses” which had been dis¬ 
covered. 

Nowadays, most of us liavc heard of “glucose" us a 
commercial product of doubtful reputation. People 
look askance when glucose It mentioned. Confectioners 
and grocers make hnslc to deny that glucose ever ap¬ 
pears In their product*, (lluooso is classed with harmful 
food adultnranta, and lias h«in called by pure food ex- 
lierts the "champion adulterant” of all. It has even 
been depicted in cartoons as a devil with hoofs and horns. 
Ulueose lias also boon railed “mucilage,'' the implication 
being that it is only fit fur postage-stamps and not for 
human stomachs. This may lie why many associate 
glucose with glue. The names sound alike and both are 
sticky, but the reasoning is lik» assuming that all gentle¬ 
men are gentiles. Glucosn makes a rather poor adhesive, 
but one who is hard put for mucilage might so use it 
with Indifferent success just as it is possible to use tapioca 
pudding, molasses or other sticky foods. 

Turning to the advertising literature of the glucose 
manufacturer*, we note that many eminent authorities 
laud giuoose a* moat wholesome, that it is the principal 
sweet of fruits and nue of the Intermediate products of 
the digestion of starch in the human organism, is found 
in the blood,—and similar statements, sll of whieh llks 
the tamping ones of aome pore food expert* are “im¬ 
portant if true.” 

Notwithstanding that annually between thirty and 
forty million bushels of Indian corn are made into giuoose, 


coiniiaratively few exncpt those engaged In tbe numerous 
industries in which giuoose enters, over see the product. 
Tho idi» of tho general public, professional as wnil as the 
laity, seems to bo that giuoose is mostly oomposed of 
grape-sugar which is made according to the Kirehoff 
mol hod by boiling starch and oil of vitrol and neutralizing 
the mixture with chalk. Many supposedly up-to-date 
cyclopaedia* make suoh statement*. 

Much of the ignorance concerning this important food 
product is due to the following facia: Pure commercial 
giuoose is practically unknown In household cookery, 
and so is net sold m a package convenient for household 
uso. While it is in multifarious food produet* found 
on the grocer’s shelves it is rarely non three in it* original 
stale. This is equally true of raw sugar. Tears ago, 
raw open-kettle sugars wore familiar to all New England 
housewives and were used by them In cooking. Raw 
sugars made by modern processes are used to some extent 
in England and European countries, but nowadays few 
of the citizens of this country, outside of the sugar pro¬ 
ducing districts, ever see raw sugar*, whloh are sent 
directly to tho reflneries in packages wdghlng several 
hundred pounds each and in a condition not fit for 


no eliaraetvrlstlo flavor other than sweet and will taka 
any added flavor unchanged. 

Glucose is not made by use of oil of vitrol and chalk, 
nor is glucose, in the ordinarily accepted sense of dextrose, 
its charantonstie ingredient. The trade nun* "gfaoo**” 
while well established by custom of years is no more 
suited to the present product than Is “chloride of lime” 
to bleaching powder or "hypaaulphlte of soda" to the 
sommereW salt sold under that name. It Is true that 
the basic process by which glucose 1* made from starch 
is on the lh>«* of Klrehoff’s original experiment, but th* 
methods are quite different, Tbe "staroh milk,” n sua- 
pension of the granule* in water, la pumped fate lerg* 
pressure boilers of gun metal, and is cooked for about 
10 minute* with a few tenth* of a per oect of hydro¬ 
chloric arid (commercial muriatic arid) mack* a p r im e 
of about 80 pounds of steam. Tbe starch fanot treated 
long enough by this p ro wess fa convert it entirely Into 
grape sugar, (true gturoe), only about 30 per etat bring 
produced. There is, fa faint, less Of the gfaeoae raprs, 
property so called, fa eornfaerefal ftueo#e,thap ooeur 
as natural ingredient* of onus sugar mol* me*. and far 
Iom than fa honey, which Is composed altaost entirriy 


dorasrtie u«o. Glucose, like refined sugar, u manufae- of fauodee sugara, n**riy bad of wUeh fa daxtrOasfarep* 
tured in comparatively few factories, and these of Urge sugar), this bring the stgv whieh (pantm out when fcb* 
oaparity, for the manufacture of giuoose require* a large honey granulate*. 

outlay of capital and consequently Urge output. Tbe Commsreial gfaop** as new made contain* fate tbfte 
cheapness of the product makes it* manufacture profitable 30p*e*ntof true gtMowmpr*,fa* fart feting fa tefatofa 
only on a Urge scale. THs Is oquaUy true of sugar. of malt m«ar (r&ttaee) arid dexfafas, more pr fate fa 
What U commercial glucose? In general appserene* ehemfasi wofabtifattw fa th* approximate aroporifcm . 
it is a transparent, vary viscous drop, often pnotteaOy of nfaa norte'dt bm&om to tefau .cf'detrirfa,'- fat. roil' 
colorless but usually of a light straw ootor, sweet, but *enUg**o< loidtoffav anti 

with tittle if any othsr flavor. Ter tbfa reason, gfaoo**, aambsra-uutitoos, 4A psr eeut, datteoae, 30 pec erall 
Hite sugar, hz* beau tented a "neutral sw**t”-oo» dextrin, fl# fair east, tite ptojorifefa rerytaff 
neutral la tbe ohsmleal sea*e although sash prodaH* fa dig Wziui lot*. , I? 

are always chemically neutral within practical Barit* Thro faro cteboMre tt at d-TOe, gfa*h fa* 
sf tetefag-but re efaUd broro whra pure toy bar* *rop !«*,:.«***: 
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mi making tv warty half af th* total, and 
# fitol raoDoUaT) n h a to aae dead* rdatod 
to «** FWto, emntM or* 99 P« <MBt at tte nUd 
oaHt'j to*Md «n»nU ghtrose. TUa eompoaj- 
tint fcasheea found to be tha mat desirable for Impart¬ 
ial to tba prodoet ttw p r ope r tUa moat auitad for a drop 
wbMtaan ba refined readily, and at tha aame time oon- 
tate. «Boagh ooOotdal material to prevent ita eryatalUsloc 
ataafeoaeeatmtton. TUa eoOoldal matt* also randan 
the drop eapabla of diaeolvinf eoeridmbto amount* of 
eaae togar without srystalltoation. Soeh a prodoet ia 
pcenfiady valuahl* In tha preparation of rirapa, oaodiea, 
pNmrvto, and jeOtoa, quite apart from ite use as a sweet. 
It also eantalna nearly the maximum amonnt of malt 
■agar that ean ba produced by aooh a prooeaa. 

The net of tha dtaaolvad aubataaoe of eommerolal 
ghtooae consist* of 0.3 to OH par oant of mineral matter, 
moetly composed of sodium ehlorkto from tha noutraltea- 
tkm trith soda of tha hydroohlorio said uaod In the manu¬ 
facture, anlpUtoa whieh are added at varioaa stages, phos- 
phatoa and other aalta horn the natural mineral matter* 
pre sent in minute quantities in the ataroh or ooming in 
part from tha bonehlack uaed in the refining prooeaa. 
There ia alao about 0X16 per cent of nitrogen correspond¬ 
ing to flva or ate timea ita weight of organic aubatanoee 
bom the gluten left in the ataroh. Much of tbia nitro¬ 
genous matter ia not gluten, but simpler organic eom- 
pounda resulting from the action of tbo acid (need to 
eonvert the ataroh) on tho gluten. Then nitrogenoua 
matter* hare much to do with tho quality of the gluooae, 
and It ia on thia account that they are of peculiar Im¬ 
portance although preaent in minute amount*. The lm- 
purltiea from the gluten which are leaa acted upon by the 
add*, the "albumoaea," give trouble to the candy manu¬ 
facturer by earning foaming In hla kettlea, while thia 
proper ty la the joy of the brewer. Thoee gluten aub- 
atanees whlah are changed further by the add, the 
“amino bodice,” tend to make the gluoom darken and 
aleo impart a flavor whleh though barely perceptible la 
diaagroaaUe—bitter or flahy. Manufacturer* uaed to 
correct the objectionable offocto of then impurities by 
the addition of aulphitm to the gluooae but thia waa but 
a temporary expedient and undedrable in a food product. 
Qhtooee ha* been much improved in recent yean by 
practically eliminating the effeot of then impuritlee 
by moA efficient purification of the ataroh uaed in its 
manufacture. 

The gheon prooeaa done not end with the add treat¬ 
ment of the ftareh and the neatraUdng, aa at thia stage 
the dilute (trap la far from pure, containing oily matter* 
from the corn, aome undmompoaed gluten and other 
impuritioa moetly in suspension. Thia liquor before it 
ia concentrated to a drop of about 80 per oent solid* 
undergo®* a refining with bonoblaok oloeoly reacmUing 
that of oane augar, the apparatus being practically 
identical—filtering through hag* and boneblaok filter*— 
but in the oan of the gluooae all imparities affecting the 
quality of the drop have to be removed or destroyed 
aa there la no purification by crystallisation. 

Hence, gluoon, like granulated augar, i« one of the 
purest food products In use, however pernidoua the 
properties that may be ascribed to it. 

Spam does not allow a detailed deaoriptlon of giuoose 
manufaeture which la of groat Interest owing to tha 
numerous by-product* which an made, and alao beoanae 
while glncoec ia the chief in output, ita manufacture 
is only one of many ataroh product* carried on at the 
BUM tiflW . 

The following table, taken from an advwtiring olr- 
colar of a manufacturer, shows In a eondao way how tho 
different part* of the corn kernel are utilised: 
r*tu ef CWa Jhnwf CmpetUitm PnOuta 

loom on, Ooro on 

1-rQaan Ofl and Ofl Oiks 4 Oaks, Ooro OU 
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tag ataroh tad entirely diffarent In oharacteristica from 
tha daxtrin ingredient of oommardal gtnooao; beside* 
numaroua “dry atarohea" used by laundries, oonfoctkmer* 
and in many other lndnatriea aa well aa for household 
Purpose*. 

At preaent prices, oommerdal glucose, a strap con¬ 
taining about 80 per oent of the pun carbohydrate* in 
solution aetla at about 3 K cento per pound (26-28 cento 
per gallon) or at about 2.7 oent* per pound of actual 
dissolved substance. Ia its sole use that at an adulter¬ 
ant of better food materials aa aome food reformers 
claim? Is glucose used to adulterate our ordinary 
grocery sugars? 

It is well known In the history of the industry that 
■omo 90 thirty years ago a Chicago concern spent some 
miltioni of dollar* and much valuable time la trying to 
adulterate fine grained white sugars with solid grape 
sugar of high quality, made from the starch, but the at¬ 
tempt failed miserably simply because the stuff would 
hot stay mixod and tho grains “sol" In a solid man after 
a short lime. In years gone liy, gtuoosc waa alao much 
used to mix with cheap, poor grade molaaaos, making a 
brighter, morn attractive prodoet which, *o improved, 
could bo sold at tho prion of higher grade molaaaos, This 
form of adulteration is so easily detected that it la rarely 
resorted to In these days of pure food legislation. The 
last case which came to the writer's notice waa one of a 
New York molasses dealer who was heavily fined for 
having a few per oent of commercial glucose in hi* mo¬ 
lasses, although his defense waa a plausible one--that 
some glucose waa accidently left in the barrel, old glucose 
barrels being much used for tropical molaaaos shipments. 

Glucose is now uaed in a legitimate manner to mix 
with cane-sugar sirup In the proportion of SJi par oent 
of gluooae to 15 per cent of sirup, a little salt and some¬ 
times vanillin being added In Improvo tho flavor. The 
cane-sugar sirup is usually refinery molasses (“barrel 
sirup") whioh imparts the principal flavor. Those 
mixed sirups are sold openly as glucose or "corn sirups" 
and as their flavor is superior to the original molasses 
there seems to be no reason why they are not whnlesnmo 
food prodoet* for legitimate trade, even though *omo 
people there are who prefer tho flavor of the sirup* made 
from the natural cane juice* and are willing to pay tho 
higher prtoe for such. Certainly, such glucose sirup* are 
preferable to the average grocery molasses either from 
the standpoint of the epicure or tho sanitarian. 

Commercial gluooae Is used In large quantities In the 
manufacture of cheap jams and preserves. Apple norea 
and skins from fruit in ita preparation for evaporation 
or preserving are the basis for moat cheap jollies; the 
peoten substance and juioe being extracted by the usual 
proocssfs of jelly making and mixed with gluooae and 
sugar, forms a Jelly material to which other fruit* are 
addad. The law requires auoh jellies to he plainly 
described on the label ao that the eonsumer 1* informed 
that he la using a jelly made of apple and glucose with a 
fruit Savoring, and la at perfect liberty to buy tho pure 
glucose-free fruit product if he so prefer*. What in¬ 
terest* the public ia; Are these cheap Jellies unwhole¬ 
some, or is there other reasons why the man with tho 
slim poeketbook should not buy them? This question 
is quite apart from whether they oontaln gluooae or not, 
hut deals with the soundness and wholoaomeneas of the 
ingredient* used and the cleanliness of their preparation. 

By ter the largest amount of gluooae ia oonaumed 
in the manufacture of candy, the peculiar properties 
of this sirup mating It especially valuable in this Industry, 
aa has been explained. The requisite for moat candy 
la that It should not “grain” (cryataUlxc). and glucose, 
owing to Its colloidal nature, 1* die moat effective and 
wholesome substance to prevent thia. The popular 
impression that glucose is uaed in candy-making because 
it ia a cheap substitute for sugar and that its sole function 
is to give sweetness Is only approximately correct. 

How sweet it glucose relatlvo to cane sugar? De¬ 
terminations of the sweetness of a saccharine product 
an very unsatisfactory, owing to personal equation and 
alto to the influence of the other mixed Ingredients and 
even tha physical condition of the substance tasted. 

Granulated sugar tastes sweet. Powder it in a mortar 
and It will testa less sweot. Owing to this faot it ia hard 
to convince soma people that powdered sugar is not 
adulterated, although this practice, easily detected, la 


th* efl It uaed principally for soap and for making 
vulcanised products used for rubber substitute. The 
oO-etota Md meal from toe oak* an need at cattle feed. 
The g fatau eied bran from the ataroh, mixed with the 
aoJobto matters extracted by the water used to soften 
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practically unknown at preaent. A quarter of a grain 
of quinine mixed Into a pound of granulated sugar is 
said to make It taste sweeter. Common salt in small 
quantities will improve the sweetness of cake and other 
sweet foods, as all eooks know. Raw sugars, even when 
they contain negtigtbb quantities of tha sweater mother- 
straps, taste distinctly sweeter than granulated sugar 
although their actual sugar content to teas. This to due 
to the salts and extractive matter in tha raw product, 
and It to why many eooks dgh for the oM-faahkmed open 
kettle sugar and even prefer the refiners’ Imitation goods 
to gran slated in making their apple pie*. 

Relative tests of tha sweetness of eane wear and 
gteoeea (isatom) hava been made by dilution expert- 
amato ou tha (tiro sac***, bat as far as tha writer knows, 


no relative tests of the sweetnem of aommerotol gluooae 
aa now made have beon published. Taking this value 
to ho 0.5 for the solid* in glucose, sugar at 5 cento to 
cheaper aa a sweetener than glucose. 

A* a matter of faot, very littlo candy to made with 
glucose as tho only sweet. Usually, candy contains 00 
pur cent or more of cano sugar, the sweetening of tint 
glucose being of muoh less importance than the other 
properties it imparts to the mixture. 

It scorns reasonable to infer that commercial glucose, 
rather than being a serious competitor of cans sugar, 
has really increased the consumption of the latter, 
especially in candies. Because of the groat advantages 
from the use of glucose in candy-maldng, tho industry 
has had an impetus which has greatly increased sugar 
consumption. 

The relative wholesomcncss of candies made from 
glucose and those made from cano sugar has never been 
decided, and may never he. Tho dextrin* of “glunosA” 
aa now manufactured are in great part in combination 
with the malt sugar and seem in every way identical 
with the malto-doxtrins obtained by the action of malt 
on starch, and are digested more in tho intestines than 
in the stomach as compared with pure sugar candies. 
Whether this is an advantage or not, the physiologists 
must decide. 

Glucose is extensively usod in Industries not making 
food products. It is usod In cheap soaps, for “filling” 
leather and tanning extracts, and as many of Its uses 
in such Industries arc apparently for adulteration, such 
practices have no doubt added to its reputation as the 
"champion adulterant." A* was pointed out in an 
article in a previous number of Sriener Cmtpaixu, No. 
2, 1913, on llie industrial uses of sugar, the highly 
respectable lient cugar of 99 per cent purity Is used in 
Kurnpe for precisely the same purposes, the choioe be¬ 
tween sugar and glucose os a "filliir” being merely a 
matter of price. Cane sugar has also Itcen used exten¬ 
sively to "flit" coal-tar ilycc and adulterate cliooulate 
without having Its re*|ioctahilily seriously impugnnd. 

In view of the undoubted commercial importance of 
glucose aa a food product it would seem as if its valito 
in dietetics and food economics, as well as its relative 
wholesomcncss, ought to bo studied in tbo light of a 
proper knowledge of Its special characteristics. To call 
glucose “mucilage,” or to ascribe to it. properties of a 
dextroso solution to either Ignorant or dishonest. As far 
as the use of glucose os an adulterant is concerned, It to 
the function of the Pure Food Laws to protect th* publto 
from these practices, and such obviously are quite apart 
from the legitimate and open use of glucose, sugar or 
any other ohrap and wholi-some food product as a satis¬ 
factory substitute for more expensive ingredients, and 
the propriety of such a mibctitutn always will be Its 
suitability for the purpose and its cost. 

If legislation Is appropriate for forbidding the ex¬ 
travagant claims of manufacturers and dealers as to 
the superiority of tlioir food products, why not legislation 
to prevent irresponsible statements of “pure food” 
authorities which nro condemnatory? Certainly, the 
one is fully as Important fur tho public interest as tho 


Protecting Steam Bollerw 

In large stenm power plnutM It Is very ilefdniblp to 
keep a cnrefill and constant watch nil thp feed WHtcr 
to guard against the entry Into the Mlcre of any piiii- 
tamlnatlug snbetance that might cense sonic nr Irregu¬ 
larity of working, for It has boon found that prevention 
in such cases Is much cheaper thnn cures, both In re¬ 
gard to labor and In lees from interrupted operation. 
In one of tho large i-lcclrie generating stations In New 
York salt water Is used for cooling tin- condensers, and 
to Insure that none of It gains access In the hollcra 
through a suddenly developing leak tin- condensed 
water I* tested every hour by titration with nil rale nf 
silver. This frequent testing Is necessary Is-muxc. Iii ii 
plant of the slip In question. It would lie but n mailer 
Of a short time for a eomparallvely small Irak to make 
a decidedly Injurious iidillllon to llie feed water Be- 
sides this test, tho contents of the Isillers llu-nisclves Is 
also tented once s day na a cheek, lint I lie prhirlph- 
dependenee to placed on (he scrutiny of the condenser 
water. 

Luxembourg Bridge 

Th* Adolph Bridge at Luxembourg Is constructed on 
the designs of M. Hfijoiirofl. a prominent Pnrla engineer. 
Hto idea to to reduce the amount of masonry for a given 
width of bridge, for Instance In a single-arch span, 
and to bnlld two arches side hy side with a spare be¬ 
tween them. Upon the pair of * rebec Is laid a rein¬ 
forced concrete floor. Span of the Luxembourg bridge 
Is shout 280 foot, and the platform to lilff feet above 
the level of the stream. Width, G2 feet. The structure 
coat (800,000, which la $50,000 leaa than tbe coet of a 
full-arch bridga at the rome kind. 
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Frrnrh surgeon inspecting hla fallow prisoner* in Carman/. 


Cripplaa wsrktng at tradre by «M of utttdal Hnha. 


An Exposition of Military Sanitation 

Showing How the Sick and Wounded Are Cared for in This War 


An efficient unitary aorvirm ia a nooeaaity to armloa 
for humanitarian aa well u practical roaaona. It la. 
In fast, of the highest importanee that patlenta should, 
if possible, be fitted to return to the firing lino aa soon aa 
practicable, while thoae unable to resume fighting ahould 
at lout be In a podUon to take np their punuita at home, 
and not become a burden on the atato. Humanitarian 
roaaona are, of course, also taken into consideration, and 
private u well u public charity find ample boo pc for 
their patriotic endeavors in the interests of the im¬ 
mediate vtotlms of war. 

Whilo strategy hu, of recent years, undergone a pro¬ 
found revolution, sanitation hat also made enormous 
strides, availing itself of all the latest achievements of 
medical and physical science u well u engineering. 

The vut field of sanitation in all its various pliases, 
u it ia practised in the proeent war, ia surveyed In a very 
attractive way by the Exposition of Military Hanit&tlon 
being held at Berlin. This instructive show comprises 
not only all olaaaea of sanitary equipment, models of 
means of oonveyanoe and unitary buildings, but a 
model about 12 meters long which represents a several 
days fight for a fortlflod town, thus affording an oppor¬ 
tunity of illustrating in all Its dotails the work of the 
sanitary corps in actual battle. 

On untoring the oxporitlon we are at first struck by the 
model of a ship hospital, whieh, in full rise, represents 
all the arrangements usual on war ships. Parts from the 
ships of the German navy have been used in mounting 
this model, the medloal Instruments and other utensils, 
u well u the ehemist's shop, being likewise derived from 
the navy stores. The model illustrates the arrangements 
provided fur peace and war use, showing, for instance, 
how the wounded are transported on sUireaaea and 
through hatches, in a special hammock developed during 
many years' trials in time of peace. The dressing 
stations, equipped with all surgical Implements are, of 
oouree, installed in thou parts of the ships which are 
least exposed to the enemy's fire; the operating tables 
are providod with special damping devices allowing fur 
the ship's movements. When an engagement is over, 
tlut remaining hospital rooms are, of oouree, available. 
Movable berths, adapted to the rolling and pitching of 
the ship, are used. Any seriously wounded are, however, 
at the earliest possible moment, transferred to some 
hospital ship or to a naval hospital In a harbor town. 

Adjoining this section ia the most important and ex¬ 
tensive department of the exposition, where the sanitary 
service of the German army Is illustrated in all its details 
by means of models and actual equipment as uaod in 
currant practice. 

As in all other modern armies, the sanitary service 
Isigins with the dressing package which every soldier 
carries about him, and whieh enable* him at any time 
to apply a first dressing to himself or some wounded 
comrade. Whenever any further care is required the 
ambulaneo staff take charge of the patient. It would 
he too lung to dneoribo the whole mechanism constantly 
at work in receiving and evacuating patients. The 
most Important phases of this service are, however, 
enumerated in the following: 

Every large detachment, e. g., every infantry battalion, 
has a special staff and some material of lta own, which la 
taken dose to the firing line, and installed In a sheltered 
position. Such troops as are equipped with vehicles, 
a. g.. the artillery, do not require any sanitary care. 
Apart from these arrangement* destined for rendering 
fint help, each army oorp* Includes three ambnlaoo* 


By Dr. Alfred Gradenwite 

companies distributed in accordance with actual require¬ 
ment*. and which carry not only more abundant sanitary 
material, bnt a oertaln number of am bo lance ears, aa 
well aa a supplies ear and field-kitchen. The work of 
these ambulance companies is oentered on a main dressing 
station, whence the men searoh the battle-field methodi¬ 
cally. However, the wounded are, at the ear Host possi¬ 
ble moment, evacuated from these (treating stations; 
those only slightly wounded will often be able immedi¬ 
ately to return to their division, while the balance are 
taken either to a convalescent camp or to a field hospital, 
of whieh each army oorp* has twelve. It being desirable 
to get these hospital* in readiness for any further work 
that may turn np at the earliest possible moment, a 
point is made of clearing them aa soon aa possible, 
patient* being returned to the front, if their rendition 
permit, or turned over to one of the larger hospitals in 
the line of oommunications or base. German praotloe 
in this wax has so far been to send home as many pa¬ 
tient* as possible, to be treated dther In some large 
hospital or in their families. This, in fact, not only 
prevents the hospitals near the theater of operations 
from beooming overcrowded, but exerts a most beneficial 
offoot on the sural* of the mom 

Apart from stationary hospitals portable barracks are 
used to a large extent, In fact wherever no adequate 
buildings are available. Those barracks, whieh are 
fully represented at the expoailiun, are readily installed, 
taken apart and conveyed to any plare where their 
services may be needed without the aid of skilled work¬ 
men. Patients suffering from contagious disease are 
housed in special hospitals. 

The arrangement* used in transporting wounded and 
■iok are likewise illustrated by actual outfits aa well aa 
models. While being used occasionally for the transport 
of sanitary material. X-ray outfits, etc., automobile* 
play a much more important part as a means of oon¬ 
veyanoe for invalid*. Motor buses converted Into 
ambulance oar* are shown side by side with all the 
various systems of motor ambnlanoes designed of late 
yean. 

Railroads and ahlpa are, of course, mainly need in 
conveying the wounded from the theater of operations 
and the base to their respective home districts; whom¬ 
ever required, the German oorp# of engineers will Install 
at short nolioe railroads for military use and for Urge 
scale invalid transports. Apart from Improvised am¬ 
bulance wagons, the arrangement of various systems of 
ambulaneo trains proper Is illustrated on actual speci¬ 
mens and models. The distinctive feature of three 
systems generally U the elastic suspension of the beds. 

The fighting of disease and epidemics in war b the 
object of another department of the exposition. When 
it U considered that contagious disease has, in most wan, 
wrought even heavier havoc among the armies than the 
projectiles of the enemy, the importance of this subject 
will be readily understood. Foremost among tits msans 
used in this connection should be mentioned the various 
sera, which have lately been developed to soeh im¬ 
portance, especially In the care of diphtheria, dysentery, 
meningitis, and quite recently, tetanus. The mana- 
factors of these sera (mostly derived from Inununbed 
horses) is illustrated in two pictures, white s third shows 
the way of using menfagHI* serqm. Pwphybetio la- 

and typhoid f aver—according to new proereere suceere 
fully employed in the prsrent wer I s Uhnrtet Uhuteated 
by photograph* and itetisti* tables. The dtvsn pro- 


ocasre of disinfection, of elementary importance in the 
fight with epldemios, are, of oouree, dealt with in great 
detail. 

Realising that tuberculosis is a factor of paramount 
importance in tha state of health of a nation, and, ac¬ 
cordingly, lta aptness for military rervioc, the army and 
navy have, for many yean, beetowed especial 
on this disease. A special eeotion of the department last 
named is therefore given up to the means of fighting 
tuberculosis and atatistioal returns on their effectiveness. 
Sufferere from tuberculosis are, of oouree, kept away, as 
far as possible, from the army and navy. Whenever the 
disease develops in oouree of eervlee, patients are die- 
charged and are, if neeereary, planed In some sanatorium. 

From this department we enter that given np to X-ray 

surglonl practice, X-rays play an especially important 
part In military surgery. In fact, even the smallest 
Gorman army or navy hospital comprises a complete 
X-ray outfit, used not only in discovering and locating 
foreign object* but In watching the heeling process of 
fractured limbs and allowing any displacement of the 
fragment* to bo effectually prevented. A number of 
special apparatus, transportable and portable outfits, 
etc., are on show. 

Another section is devoted to the dentist’s task. | n 
war. In the modem fortification war, tha number of 
wounds of the head and, especially injured Jaws, b 
particularly great, thus affording ample eeope for dent¬ 
ist's work. On the other hand, there Is tha prophybetio 
treatment of otherwise healthy soldiers, a man suffering 
from toothaohe being prastioally uaeleee from a military 
point of view, while the presence of lesion in or near tbs 
jawi, in tha event of a wound, greatly increases the risk 
of infaction. All these tasks are illustrated In a striking 
manner. We see the dentist at work In his improviaed 
consulting room, with a moat praotioal portable outfit, 
■peobl kinds of dressing being demonstrated on models. 
The use of X-ray* for the (pastel purposes of the dentist 
i* likewise shown. 

We now enter the department Illustrating the techni¬ 
calities of mining, which art has, especially of late years, 
undergone suoh a rapid development. The extensive 
material b distributed in aooorrtenee with sdentlfle 
Principle* in ton eabias arranged alongside the wall*. 
We thus acquaint ourselves with the of w.w n l 
patients, tha principles gowning tbs dress of Invalids 
sod nurses, and the arrangements usd to hasp patient* 
oban. In a fourth cabin, than are technical arrange- 

for adminteteri^ B mo(Uefar < The redrew*mreuii*!? 
opening a patient's bowels are found in a'cabtfc of thrir 
own, a* are the methods for warming apd eooBag pa¬ 
tient*. Apparatus for Uw retire and pa^vs motion 
□f the sick and wounded and means of Instruction in the 
technicalities of waring are likewise <jn show. Thsra 
i* finally a special exhibi tion of a ll sorts of methods and 

Another most instrastire department la that devoted 
to the owe for sripptes, whm nil tin reriou more* of 
treating wounded fates from becoming crippled are 

otssre. The training of 
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lag*, worked merrily ft way on Iba Lathe. How tfali ap¬ 
parent miracle la wrought, what arrangements terve u 
artifloial limb* and by what means the cripple ia enabled 
to handle any tool with hia mulltated arms, ia fully 
Uluatrated. The German authoritlea are oonfldent that 
all war otippla* will be able to work at aume craft, and 
not be dependent on obarily. 

Voluntary aanitation in war time—the organisation 
and work of the lted Croaa Bode lie* and order* of knight¬ 
hood—ia represented in a mainly atatiatioal department; 
and the laat aeetion allow* the hiltary of military aanita- 
tlon from antiquity, through the middle ago*, up to 
modern time* to be atudied from a large oolieoUon of 
hiatorioal objeota and picturoa. 

Modem Theories of Gravitation* 

UairaaaaL graritatlon atUl remain# aa myaterloua u 
it waa two oantnrtes ago, Hleetrlcal, magnetic, and 
other physical force* are dependent on the nature of 
matter, and they can be aubjectad to influences that 
modify their Intensity and effects, but universal gravi¬ 
tation, Intangible and Immutable, defies the art of the 
experimenter. The weight of a body does not change 
when the matter of which It la composed pa am* from 
one physical atate to another, or even when It nnder- 
gom the most profound nhemlnal alteration, and the 
acceleration of all bedim filling In a vacuum Is exactly 
the mine. No modifies don of the mutual attraction of 
two bodies produced by the interposition of a third body 
has ever bean detected, and It muat bo admitted that 
gravitation can paas through the whole earth without 
being appreciably weakened. In a word, nothing In 
gravitation can be altered. 

Electrical and magnetic forces exhibit a considerable 
analogy with the force of gravity. The attractions and 
repulsions of electrified bodies and magnetic poles obey 
Newton’s law, and the same equation* apply to these 
and to gravitational phenomena. The potential of 
gravitation and the electrostatic potential are defined In 
the am manner, and the equation* of Laplace and 
Polaaon apply to both. But can the analogy be carried 
further} In electricity an important rtle U played by 
the medium in which electromagnetic effects are propa¬ 
gated with the velocity of light Is gravitation pro¬ 
duced In like manner and propagated through the 
ether with n finite velocity, perhaps equal to that of 
light? 

Thin question la of fundamental Importance, for equal 
valoeltiea of propagation of gravitational and alectro- 
magnatie affects would suggest a dose relation between 
the two phsaorosn* 

Ctaranl yuan ago H. A. Lorenta proposed an electro¬ 
magnetic theory of gravitation, based on then recant die- 
Tto f nwiinin^i mutt w 
of this theory contain the velocities of electrified particles, 
relatively to the ether. Bo long aa two electrons am at 
mat their mutual action la given by Coulomb's law, but 

panda on the ratica of thair velocities to ttha of lihgt. 

The haw law of attraction differ* from Newtoo’a law 
by Oo Inclusion of tana which depend on the motions 
of the bodes andean bo developed In series of ascending 

of ^ and y, b wfakah * and ft denote the 

tatoottiee nf the two bedtoa, and V denote, the velocity 
of, tight The formulas obtained contain no terms of 



(v)'"* 

An Important question la now presented. Do ob¬ 
served astronomical pbenomena permit u* Ihus to mod¬ 
ify Newton's law ? The ratio — is about 1-10,000 for 

the earth, 1/8,COO for Venus, and 1/0/100 for Mercury. 
The effect of tbo terms which contain the squares of 
such small fractions Is always exceedingly sme ll and 
very difficult to detect The longitude of the perihelion 
of Mercury Is found to be subject to a secular variation 
wblcb does not appear to be attributable to the attrac¬ 
tion of the otbor planets. This Is one of the rero 
phenomena which show discordance with Newton's law. 
Lorents computes the secular motion of the perihelion 
at 4 seconds, which Is about one tenth of the observed 
discrepancy. The motion may be due, however, to the 
attraction of a swarm of small bodies surrounding the 
sun. The existence of such a swarm has sometimes 
been assumed in order to account for the sodlacal light 

Lorenta abandoned tils theory after the publication. 
In 1900, of Einstein's principle of relativity, with which 
the Lorenta theory of gravitation disagree* In retain¬ 
ing the old laws of mechanics, and also In introducing 
the movement of tha entire solar system relatively to 
the ether. 

The momentum, or quantity of motion, of a body Is 
usually defined as the product of Its mass multiplied by 
its velocity, but la "relativist" mechanics this product, 
\/' »’ 

aw, Is divided by V 1 — and the Icinetin energy is 
mV divided by the same factor. In these expressions 
v denotes the velocity of the body, F the velocity of 
tight, and m may be called the “constant mass." It Is 
often advantageous to Introduce a "variable maos" M, 
obtained by dividing m by the above-mentioned factor. 
Tha momentum then becomes Me, and the energy MV, 
plus a constant 

A relativist theory of gravitation has twen developed 
by Polncarf and Minkowski If we know the force ex 
orted by a motionless body upon a moving body, tbe 
principle of relativity enables ns to calculate the force 
acting on each body when both are In motion, and con¬ 
sequently to determine the motion of each body by 
means of the aquations of relativist mechanics. The 
problem la not quite determinate, because tbe principle 
tells na nothing of the effect of a body's own motion on 
the force exerted on It by a body at rest If we take 
the mutual action of two electrons as a model, we are 
led to conclude that the force thus defined Is Indepen¬ 
dent of the velocity and redoes# to the Newtonian at¬ 
traction, On this hypothesis De Sitter has computed 
the variation* In tbe elements of planetary orbits and 
has found 7 seconds for tbe secular motion of tbe peri¬ 
helion of Mercury. This result la due entirely to tbo 
new definition of momentum, and Involves no modifica¬ 
tion of Newton's law, so tar aa tbe force acting on tbe 
planet la concerned. 

Einstein's theory of graritatlon differs from tbe pre¬ 
ceding theory In that It leads to a force differing 
slightly from tbe Newtonian attraction, even for a 
planet at rest Ita point of departure la a very remark¬ 
able deduction from tbe principle of relativity. Aa tbe 
kinetic energy la equal to MV, plus a constant, It fol¬ 
lows that every variation In tbe kinetic energy Involves 
a variation In If, tbe “variable mass,” wblcb may be 
e xpr essed by nylng that energy Itself poohm or rep¬ 
resents a certain mass Hsnoe tbe weight, if it 1* pro¬ 
portional to tbe mass, la likewise tnereaaad by any 
increase in tbe klaetio energy, and all kinetic soergy 
(that iff radiation, tot example) poeaseem weight 


AIm, to aay that a material point to acted on by a 
force to equivalent to aaylng that Its momentum to 
changing. As tbo motion of momentum has been ex¬ 
tended to electromagnetic waves, It follows from the 
preceding considerations that the velocity of light to not 
the same at every point of the field of gravitation. 

If a body acquires a velocity « In falling from one 
point to another under tbe Influence of gravitation, tbe 
velocities of light et those two points should differ. 

according to Einstein, by about 

This to Eluateln’e theory of gravitation In its first 
form, ills incessant efforts to Improve It have resulted 
In the admirable theory which be baa recently pub¬ 
lished, In collaboration with Qroesmann. 

In ibis Improved and very complex theory, a field of 
gravitation Is characterised, not by a single potential, 
but by ten parameters which depend. In general, on the 
geometrical co-ordinates and tbe time, and whose varia¬ 
tions determine all the effects of gravitation. The 
application of tbe theory, however, to simplified hy the 
fact that many of the terms are too small to produce 
ubservable effects. One of the ten parameters to pre¬ 
dominant, taking the place of the single potential of the 
old theory sad the variable velocity of light of the pro¬ 
visional theory. 

The Improved theory leads to the conclusion that 
gravitation to propagated with the velocity with which 
light move# In the absence of a gravitational field. The 
expression for the attraction exerted upon a planet by 
the sun contains. In addition to the principal terms 
corresponding to Newton's law, terms of the second 
order of magnitude that depend on the planet’s motion. 

Einstein has pointed out some results of the theory 
that may, perhaps, make It possible to observe almost 
directly the variation of luminous velocity In a field of 
gravitation. 

First: A luminous pencil should be curved by tbe 
Influence of weight. The change of direction would be 
quite Insensible to tbe terrestrial, bat very much greater 
In the solar field. Einstein calculates that a ray of 
light coming from a star and grazing tbe sun’s surface 
would be bent Inward by 0.88 second, Increasing by that 
amount the apparent angular distance of the star from 
the (tin's Umb. This effect might possibly be observed 
In a total solar eclipse. 

Second: If light coming from two sources of differ¬ 
ent heights to examined with the some spectroscope, tbe 
spectral lines of the higher source should be a little 
nearer tbe violet than the corresponding Unas iff tbe 
lower source. This effect also to absolutely Inappre¬ 
ciable In tbe terrestrial, but not In tbe Mlar field. Tor 
two similar molecule* situated respectively on the 
sun's surface and at the earth’s distance from the sun, 
the difference to about one hundredth of an Angstrom 
unit Hence, the Fraunhofer lines of tbe solar spec¬ 
trum should be nearer the red, by this amount, titan 
the corresponding lines of a terrestrial source. Dis¬ 
placements of this order of magnitude have actually 
been observed. They have been attributed to effects of 
pressure and movement, but they may be line to the 
cause Indicated bj Wn^Ain 

Tbe ontj important difference between tbe electro- 
magnetic and gravitational fields to that the former to 
determined at every point by six parameters (the com¬ 
ponents of tbe electric and tbe magnetic force), and tbe 
latter by tea In each case the field to tbe seat of mo¬ 
mentum and energy which It can Impart to, or receive 
from, matter. It to quite possible to regard both fields 
with all of their properties aa consisting of different 
modifications In tbe Internal condition of tbe same 
ether. 
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Salts Colored by Cathode Rays' 

Their Peculiar Characteristics, and an Endeavor to Explain the Phenomenon 


bromide-vivid color* lire |innlnced immediately on 
IlieNc hu lie. 1 Thus common Null bcroineM yellow-brown 
(like umber), potassium chloride liirn* Into a Ix-nullful 
Wolel, polUHHlum bromide liecomex u dee)) blue color 
finite like copper sulphate. Here you nee u Hpecltnen of 
Cfiuiuion suit tniunformed In IliU wuy oil the nurfuce of 
lhe single crystals Into a yellow-brown sulwtance. I 
hIiow «Iho sodium fluoride, which token u tine rosy color. 

The colors ho Heipilred In u very hiiiuII fntcllou of a 
wound mil) lie prewrveil fur u long time, even for many 
)enrs. If Hie colored HubHlauceu are kept In the dark 
mid III Inn lcin|H-nilurcH. Hut In (he daylight, mid nlao 
under lieul, I be color* will gradually dlaappcar until 
llie original white eonillllon In rencliiil ugnln. 

The color* of different null* lire sensitive to heating 
In ii very different degree. I could *how you the yellow 
mullum elilnrlde, pre|*ired Home uionlh* ago In Euru|ie. 
Iml 1 1-11111101 hIiow you here thu violet ltd anil the blue 
Kltr, iH-cnuue IlieNe colors, even III the Uurk, do not 
Hinnd the lieul of the equator. The sumo Halt. If dls- 
moIvihI, muy keep very different color*, according lo the 
inedium In which It ho* been dissolved, even when the 
pure luedliiiu Itself cannot be colored at nil by cathode 
rays. I nm HiH-iiklng of aolid solution*, prodm-ed by 
fiiNlng ii ihiiiii 11 iiuiinllty, for liiHlanee, of coniinoii suit 
or of ivrlHln other nlkull Mall*, logellier wllli u great 
iiiuhm of ii milt which remuliiH ltaclf colorhsw In the 
enlliiHle rays, H*, for example, the pure ixituiwlum *nl- 
pluile. IJibluin rlilnrlile acquires u bright yellow color 
In the entluule rajs; but if dissolved In iiotnuduni huI- 
pliutc u lilac line 1 h prwluced. u* you umy *ce 111 IIiIh 
M|*< cllucll. likewise the pure curboiiule of potassium 
nei|ulre* u reddish llllt, but lifter dissolving It III the 
potmsduui Hiilphnte ll bccomeH u vivid r/reen In lhe 
enHindu ni)*, us you seo here. 

Very mniill admixture* are sufficient lo iiriHlucc In- 
leiiHH color*. Mo 1/23,Out) of cartHiiuite will produce the 
green color In the polussluin Hiilphnte; even 1/100,000 
give* u marked color, and an union id of ccrtulii admix¬ 
tures, which l eHlIniHti-d n* l/l,C00,<X»> only, may pro¬ 
duce a Hllglit but Iiulle iN-rcepllble eolonittou In uome 
Null*. So If )uu work wllli iHiliiHHlum *iilpbBto which 
you obtain from chemical fuctorle* guaranteed ** cliem- 
li-ully iiun>. you may olwcrvc a wt of dlffcn-nl color* In 


)ou will detect the nature of ihc different miiiiiII admix¬ 
tures wlilcli adhere to the protended pure preparations 
of the different facliirle*. Iii I hi* way u new uuai) Ileal 
priwf, much more aenslllve Hum the urdlnury chemical 
luctluste. Ih ulitnlneil, mid lui|MirlHe* may be detected 
even when h eerraln N|H<cliueu of will contains more 
IIiiiii a single Impurity. Ik-ihiiw Hie color* prnducnl by 
dlffi-n-nl iicliiilxliirtK generally disappear with different 
*1***1 In I lie dui light or under rlno of lemiK-rulure. For 
liiHlunce, (lie onllimr) ihiIiihhUiiii sulphate lurii* to a 
<lurk gray wllli ii single greenish tint at Unit. After a 
short while llie ver> senslilve gray will dlsn|i|s-or, slin- 
|d) under Hie urdlnury louiporaluro of the laboratory 
riHun. and a vlild gn*-n conies out. The gray hue ludl- 
eutss a very miiiiiII amount of sodium chloride, 1/100,000 
or so. mnl Hie n-maliilug green Indicates the admixture 
nr ii curlHHiiiLe. Here are some preparations of potas¬ 
sium Hiilphnte. encli containing a single small admixture 
iK,ll()„ 1,1/30,, MCI. KCI. KHr). You will notice how 
different are (lie eolor* of the originally white sub¬ 
stances. varying rmni grtx-n to bluish-gray, ash-gray, 
gru)lsh him-, mill violet 

Ity friietionul crystalllmtlon one roily finally get a 
really pure preimniHon of i*itHS*liim snlpbnle, which Is 
no longer colonsl by eiilbiHle myB (or only In n very 
sllglii degree, Indlcntlug minimal trace* of sodium 
Chloride). Ibit lliere ur<> oilier preparation* which, ao 
far u* I know, ciniiml l*< nci|iiln*l In pure condition* by 
liny mean*, not even liy friic-tlonnl cryatslllxHtlon. I 
is-ver came across a pnre sodium sulphate— the purity 
exists only on Hie munuflictiirers' IhIh-Ih. Kven the brat 
pn>|iarullons of this sail cnnlsiii nil nmoiiut of sodium 
curlHinnte which up to Hie present cannot lie separated 
from It, not even b.v frequent fractional crystslllmtloo, 
Tlie color produced by file sniull ndmlxture. which al¬ 
ways remains. Is a very marked ash-gray. Ily an Inten¬ 
tional further nddlltou of aodiom carbonate the color 


By Prof. E. Goldstein 

The question arise*: What may be the caoaa of thaaa 
eoloratloiM lu pure salts and also In solid solutions of 
them? Shortly after the colon of the alkali wits had 

I men discovered, an explanation waa given," sooerdin* 

10 which the pbeDomeoon mainly conalata In a chemical 
redaction. For Instance, In the case of potassium 
chloride the chlorino would be set free, while the re¬ 
maining potamlam la dlwolved In the unaltered main 
quantity of the salt, coloring it et the tame time, And 

II seemed a convincing proof for this theory when 
Uelsel" and also Krentx, simply by heating rock salt in 
the vapors of sodium or of potassium, produced colors 
In this rock salt quite almlUr to those produced by 
cathode rays It seemed that the problem was settled 
Onally. However, It was soon discovered that the 
colored Olceel salts, although they look to the eye quite 
like I he cathode-ray salts, lu nil other respect* behave 
■ pi lie differently. For instance: 

(11 Tlie cathode-ray salts, as I mentioned before, are 
very sensitive to daylight: after an exposure to diffuse 
daylight of a few mluutes, or In some salts even of ser- 
eni! Hcconds only, Urn coloration diminishes, while the 
Hlesel sails remain unaltered eren when they are kept 
lu full sunshine for days or eron weeks. 

(2) The cathodc-rsy salts, if dissolved In distilled 
water, show absolute neutral reaction; the diesel salts 
are strongly alkaline. 

(3) The cathode-ray Halts give very marked photo¬ 
electric effects (as Elater and 0eltel‘ observed) ; the 
diesel salts are quite Ineffective. 

(4) In certain circumstances, which will be men¬ 
tioned further on, the cathodo-ray salts may emit a 
phosphorescent light, the diesel sails none at alL There¬ 
fore the question arose again, Whether there Is not a 
marked Internal difference between the cathode-ray 
Halts and the diesel salts, and what Is the ns tore of 
the latter? 

I have succeeded in settling this question, having pro¬ 
duced salt* by cathode ray s, the behavior of which is 
In every respect abaolulcly Identical with that o/ the 
(ItcK'l salts. You may produce such substance* If yon 
allow thn cathode rays to fall on the original Balls not 
for a short moment only, but for a somewhat prolonged 
time, until the oath are atrongly heated. Produced in 
this way Ihe salts will keep colors; but the substances 
colored In this way are ant sensitive to light: they show 
no phulo-electric effect; they glre ntrvny alkaline reac¬ 
tion, and I hey are not soiled for phosphorescence—all 
like the dleael salts. It Is unite sure, and you may test 

11 iiIho directly by spectroscopic priwf, that lu this case. 
If, for Instance, you hare worked on sodium chloride. 
the chlorine la set free. Then, of coarse, sn amount of 
free sodium la left, which dissolve* llself lu a deeper 
layer of nnaltered sodium chloride, to which the cathode 
rays could not jienetmte. I call these non-sensitive 
colore (he after-cdora of Ike tecond data, while Hie 
ordinary sensitive after-colors, produced In a short time 
on cool salts, arc called after-colors of the first class. 

Now, If the after-odors of the second class are ldeu- 
llcul wllli those of tlie diesel salts, then, of course, the 
very different sulwtenrea of tbs first class cannot lie 
also Identical will) the Ulead salts Therefore the ques¬ 
tion arises anew, What Is the nature of the first-class 
uftcr-colore? 

One observes with regard to solid solutions that tha 
Unit class colon depend not only upon the axel si cop- 
Inliissl lu tho small admixture, bat they vary greatly, 
for Instance, In the case of the admixture consisting of 
iwtasslum chloride or bromide or iodide. This Indicates 
that the metals aloue do not cause the after-color*. If 
liecomea much more clear when we expose some smruo- 
nluni salts to the cathode rays. (The ammonium salt* 
are cooled by liquid air In the discharge-tube to prevent 
tlieir evaporation.) Then you get strongly marked 
after-colors likewise; for Instance, ammonium chloride 
becomes yellow-greenish, the bromide becomes yellow- 
brown, the lodld* become* brown, and the fluoride a 
deep blue. In the daylight these colon are gradually 
destroyed, quite like other after-colors of the first class. 
The colon tbemaelvea-yallow-freenUh for the chloride, 
yellow-trown for the bromide, and ao go—indue* us to 
presume that the aftar-oolon In this rase are produced 
by the haloids, and not by tho hypothetical ammonium 
radicle. This presumption becomes a strong eocriction 
when w* observe that alao a gnat number of <mule 
preparations which contain no metal at aU (and pot 


any metal-like radicle) acquire marked after-ootors of 
the first dare in the cathode rtya ado. (Tha part «C 
Ihe discharge-tube which eoatalna tha organic rab- 
Hlaueaa Is cooled by liquid air.) 

Then yon may observe that aoUd sortie add (0,11,0,) 
remains quite colorless in the cathode rays; hot if you 
substitute a hydrogen atom by chlorine, the substance 
thus produced (tha monocbloro-aeatle add) acquires a 
marked yellow-green after-color. It you introduce an 
atom of bromine Instead of chlorine, you gat CVH*BrO» 
stsJ the after-color is of a marked yellow. Bronwfortn 
(CHBr,) turn Into the color of loam, and chloral 
(C.MCLU) becomes a deep yellow. In (hie way We ere 
that not only salts, but likewise substituted adds, sub¬ 
stituted hydrocarbons, and subetitnted aldehyde* ac¬ 
quire after-colon if they contain any haloid. 

Now. It seems highly Improbable that in the ease of 
alkali salt* the electro-positive component 1* absorbed 
ouly (producing the after color), and that, on the 
other band, in the ammonium salts and in the organic 
substances the electro-negative component to efficient 
only. The moat probable Inference to that in each case 
both components remain and that both are efficient, but 
that under the same conditions the haloids produce a 
slighter color than the met*Is, so that in tha caaa of 
Hu* salts the haloid color is overwhelmed by the metal 
color. 

Therefore we are compelled to suppose that we hare 
not to deal with a decomposition in tho ordinary form, 
by which the different component* are finally separated 
from each other and at least one of them to wt entirely 
free, but that the components detained by absorption 
remain at a quite short distance from each other, so 
that they may easily meet again. I realise that, for 
Instance, In the caw of sodium chloride, at every point 
of the colored layer there to an atom (or perhaps a 
molecule) of chlorine and an atom (or a moteento) of 
sodlntn; but they cannot combine, bora use they are 
flxed by absorption and distended from each other by 
the absorptive power, which in this raw surpasses the 
chemical affinity. But the absorptive power may be 
weakened by besting and the chemical affinity or the 
amplitude of the molecular vibrations may be strength¬ 
ened by the energy of daylight 

if we grant thaw assumptions, It to immediately 
evident why the reaction of all dissolved color sub¬ 
stance* of the first elaw to a neutral one, for the two 
components may combine again and re-establish the 
original substance. The other special qualities of the 
first-class colors, and especially their different* from 
the diesel wits, which contain the electro-positive com¬ 
ponent only, may be deduced likewise from this reten¬ 
tion of both components and their opportunity of meet¬ 
ing each other again when the alworptive power to 
weakened or Ihe chemical affinity to strengthened. Now, 

I be two components in the colored substance* being dis¬ 
tended in some degree, I propose for this special con¬ 
dition of mutter the name of Uateauhm. If We acropt 
Ibis, have we created a new name only, or doa* matter 
In this condition really show new quali{liM? It seems 
to ma that we have to deal with a peculiar condition of 
matter, which deserves a more elaborate study than it 
has met until now. I will enter again Into some speeds! 
qualities, which have already been mentioned—the 
photo-electric effect and ao on—hut I should like to 
point out that matter in the dfcteaatoc state shows a 
strongly strengthened absorption of light. 

Wa noticed with regard to ammonium chloride the 
yellow-green lab after-color, of ;be chlorine Now, 
cathode rays, as used in these experiments, will not 
penetrate any deeper than one-hundredth of « milli¬ 
meter into the wit In aneb a thin layer mV put* 
liquefied chlorlna would not ahew any pereepUMe color. 
But bed doa thto It teust bo noticed that we (terra this 
after-color at the temperature of IfeuMl air, and that 
chlorine at this temperature, os Dewar and Motwan ob¬ 
served, to snow-white, eren In thick lay ere. In a sta¬ 
ll* r degree the brawn color of brandna to weakened gt 
low temperature*. Now, If Dovtrtbetow we' observe, gt 
this very tow temperature the tracked characteristic 
colon of chlorine end breratae, wa watt eoaetofie that 
the absorptive power of there rebate nee* ha* haeamg a 
multiple of Ite ordinary ralaa. One mey observe this 
strengthening of the akraiptire pew* dtreetfy ta *a 
pare sutpimr. Mphur Ukewtah traua Into a raow-wblta 
aabriarae if eooied kg liquid air., Bat wbra.tt* rattofie 
rays ten an tiw whtee eutehur 4 takes JMgftMHrX' 
yeDow-rada* <N*r, Itto fi rati after*** feate 
at mmetaat »* tw*et*ttgrejt* 




SCIENTIFIC AMERICAN SUPPLEMENT Not 2054 




919 


" Jtow,ri»te the strengthening of Ught absorption ocv 
ran 1» tm etomoaton ntatuoa, It toMma svMsnt 
that tteeaara cannot to any chemical prooeas tot only 
e jph?nm allotrepy. Tbs special etaracter of thli 
atotrepr (wbleh may to connected with an absorption 
of aliattnna) wiu not to entered on In a discussion born 
Protest? w* bare to deal with a polymeriaatico, to that, 
for Itotanea, tbe yellow-reddish sulphur would be 
anatogoos to polymerised oxygen—to oxime. 

I bare m enti one d already tbat the first-dam after- 
colon are (radoally deotnqrod by incident daylight A 
pantos phenomenon U connected with this destruction 
of color. I found tbat after tbe daylight bad fallen on 
the colored substances, even for tbe aborted time, meet 
of them (bowed a marked pbospboresceuce of long 
duration. I bare oteerred tble phosphorescence even lu 
toasts oces which bad been colored twelve yean ago 
and bad been kept In tbe dark since that time. The 
dlffased dim light of a gloomy November day, tvben 
falling through a window on tbe colored snbsUnce tor 
one or two aeconda only, le sufficient for tbe pngluctlon 
of this phosphorescence la a marked degree. It you 
allow tbe daylight to All several times on the name 
■pot, than tbe color la weakened at this spot, and we 
come to tbe preanmption tbat tbe lues of coloration la 
generally attended by tbe emission of phosphorescent 
light This Is In acoordance with the experience of 
Wiedemann and Bchmldt tbat If the destruction of tbe 
color la produced by heating, likewise a phosphorescent 
light lo produced, which lit tills rase le strong but of a 
abort duration, corresponding to the quick destruction 
of tbe after-colors by airong beating. 

If tbe salts, after baring been colored In tbe condi¬ 
tion of a fine powder and then baring been put between 
two glasa plates (in order to obtain a plane surface), 
are placed In a photographic camera Instead of tbe 
photographlo plate, yon may get a Due phosphorescent 
picture of a landscape or of architecture after a very 
abort exposure. Time does not allow me to mcntluu In 
detail several other peculiarities which ant shown by 
matter In tbe distension slate. In one direction only I 
may bo allowed to make some remarka 


Tte flret-dus aflar-coiori may to produced not only 
by cathode rays, but also by tbe 9 ray* of radio-active 
«ubounces, aa you probably know. But they may also 
be produced by sllye-ofolel light, for Instance, by ultra¬ 
violet spark light, even when a quarts plate U Inter¬ 
posed between tbe spark and tbe aalt More than thirty 
years ago 1 brought forward a hypothesis, according to 
which in every point where cathode rays strike a solid 
body a thin layer of ultra-violet light-radiating mole¬ 
cules la produced In tbe gas, to which ultra-violet light 
of very short wave-lengths, for Instance, tbe phosphor¬ 
escence of tbe glim walla In tbe cathode rays, le due. 
llut I came further to the assumption tbat nearly all 
effects which are commonly ascribed to siieclsl qnsll- 
tlee of the cathode rays, and llkewlao of p rays, are 
more effects of the ullra-riolet light which la produced 
by tbe stopping of these rays 1 have bceu guided by 
thia assumption during many yean, and bare very 
often been aided by It In foreseeing new phenomena. 
For Instance, lu tble way 1 was Induced to expect that 
tin? aftercolors would be produced not only by cathode 
rajs, but also by the ordinary ultra-violet light; fur¬ 
ther, I could gums that also tlic X-rays would produce 
after-colors (which In this case hnve been otiaerved by 
Ilnlaknccht), and In recent times I could foresee that 
solid aromatic sulmUnces (the Pennine derivatives) hi 
I he ultra-violet light must change their spectra of ordi¬ 
nary phosphorescence, composed of broad bands, anil 
turn to peculiar spectra composed of narrow stripes, the 
wove-lengths of which are characteristic of the single 
aromatic substances.* So I believe also that the aflcr- 
colors are produced not directly by the calhode rays or 
l»y (I rays, but by the aforesaid ultra-violet light which 
Ih connected with the stopping of tbe other rays. 

Iu this way the after-colors enter at once Into a great 
clmw of phenomena known as rrnersible offrvlt of light. 
yon know that certain effects of the visible spectral 
rays ure destroyed by rays of longer wavelengths, by 
the Infra-red rays And the analogy to this phenom¬ 
enon Is. In my opinion, the destruction of the aftcr- 
eolora; they are produced by the ullra-riolet light of 
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tbe stopped cathode rays and are annihilated by the 
longer risible wave-lengths of daylight In thia way 
you may likewise understand, for Instance, that tbe 
colored spots, produced by X-raya on the luminescent 
screens utter long exposure, may be destroyed again by 
exposure of tbe screens to ilayllght. You may also ex¬ 
plain the peculiar medical observation that therapeutic 
radium effects In parts of ibe human body not covered, 
Kiwclully lu tbe face, are ofteu not of long duration, 
for the face is exposed to Uie counteracting risible rays 
of daylight. 

We notice here a connection of our subject wllh a 
department of great practical Importance. For all 
thcraiN'Utlc effects of X-ra)s. radium rays, and meso- 
Ihorlum rays would, according to this view, be effects 
only of ultra-violet light produced by the stopping of 
these rays In the humun Issly, and the special cliar- 
ncter of Lbe radium- and mesolhorluiu and X-ray treat¬ 
ment would consist mainly lu tbe carriage Into the 
Interior of tbe body, by the rays. of ilie ullra-riolet 
light, which 1* not contlued to tbe surface nf the body, 

I ail la produced at every place where any ot tbe enter¬ 
ing rayx are Ntopfied. You may notice further that Ibis 
view of llu- medical ray-cffccts presents a heuristic 
ini-1 Inal for the treatment itself, which up to Ibe present 
followed quite fortuitous and merely empirical paths. 
For II may be hoped that treatment by radio-active sub- 
slnnces will Is* useful In every dlw-ase In which ultra¬ 
violet IlgbL lias lieeu proved to la* cttlclrnt In some de¬ 
gree; you will avoid sweh treatment In the well-known 
macs In which light nf short wave-lengths la noxious, 
■uni you limy la- justified lu substituting an nltra-vlolet 
light Ireatnieiit where radium nr mesothorlum Is not 
obtainable. At Ibe same time It la-cumes evident why 
Hie Iren Intent nf certuln illsenses by Hie p rays has ef¬ 
fects very similar In those produced h.v fulguratiun, that 
Is, by the light of very strong sparks; the cfllclent agent 
Is lu Imtli eases the ullro-vlolct light. 

• llut It can not lie a physicist's bisk In cuter tt*> far 
In niedlcnl iiueHtlons; It whs only my Intention In show 
how IntercHlIng are some of Hie prohlems wlilrh are 


Mutation and Modification of Bacteria* 

A Knowledge Which is Important to the Recognition of Species and Kinds 
By Sir Ray Lankmter, K.C.B., F.R.S. 

Evas since we gained (In the later half of last ecn- thorns. Tbe leaven of tho white wntrr-butteroup when n monscl It lias lost Its virulence; that la lo say. Its 
tury) a knowledge of the nbhjulty hihI Importaui-e of growing in water are totally different from those of former s|ieelal chemical aellilly. Hilt Basleur fouml 

tbe minute plants called bacteria—as the agents of specimens growing on the pnml side. that animals Inoculated wllli Ihese "attenuated" Imrllll 

various “fermentations," Including putrefaction and It la, therefore, no exceptional or unex|iectcd tiling proved, HuliHcqucntly awl lu cuiiwquem-c, to be coin- 
disease—the Inquiry has been punned In various labor- Hiat a given kind or example of tb« simple thread-like pletcly nwlsteilt to the deadly effects of lion-attenuated 
stories, trader the gnldsDcc of varbma able observers or rod-llke bacteria should be caused to change rillier lalcllll of iinllirax when Injected Into tliem. Thus was 

and experimenters, as to whether the “kinds" ot bar- In Its shape or In Its chemical activity and products slurled a method of protecting sheep and cattle against 

terta which we can distinguish from one auotUer by wlien the coudltluna In which It Ik growlug—such as ex- (he deadly disease "anthrax." which on the Continent 
their shapes and structure as soon under the micro- ixwure to light, beat, raulsture, sml various sorts of laid lie, hi a very serious trouble to farmers, and la now 
acope and by the different chemical changes, ferments- nutriment- are changed. And, Indeed, Ibis lias long kc|d lu check by l , ns|cur’a limculalbai. It was sisui dls- 


dlslinct "spectre," aa are, for Instance, the different 
“spectre" of a group of idaiils—say, the carrot-llke 
family or urabelllfene. This family presents an enor¬ 
mous number of kinds which breed true and, though In 
a general way, much alike In spiiearanee, yet having 
each Us own form and producing each Its own peculiar 
chemical substances In Its Juices. Homo of these kinds 
or “species" are valued by us for flavor, aa, for Instance, 
oriery, samphire, chervil, fcnnell, parsley, aniseed, and 
coriander; while some, inch as hemlock, rowbane, and 
others of the group, are highly poisonous Do the 
"kinds" of bacteria breed true aa those higher plants 
dev or can they be largely changed by the Influence of 
light, tampers to re, moisture, and the nature of the food 
tb which they gain accent The auswer to this quee- 
Uon has obvious importance In regard to the origin of 
those diseases which are caused by bacteria. 

Closely fitted aa moat higher plants and animals are 
to om set pf conditions of existence—Urn change of 
which lands to their death—yet there la a certain range 
of triers Uoo, varying in different cases. And some¬ 
times tha change tolerated has no obvious effect In alter¬ 
ing the phut at animal subjected to tha changed condi¬ 
tions; sownttmaa It remits lu a change of either the 
Obrioga strwrtan or ot tte more subtle chemical actlri- 
tfaa and sometimes U both. Thus some plants, such 
to tha Water-boalock, which, are poisonous wten grow- 
tog ta Wrshy, wet land,' epaae to* form a poisonous 
totototr' fcteh grotto in dry Solh Tte wood of tte 
fefrijto tok urban grown at tte Caps la worthless. 
Hsc* aod tsx %xzriah and SOed welt lo tte plains of 
iatot.'-tor fitote ftw an hrittls and uaeleas. The 


of Imcteiia seem to be more liable lo res|siml to changes 
of eondltUai by consequent change 111 their own form 
anil properties than others. In IKTI I described, umlcr 
I In* name “Useterlum rubescciis," a iicach-colored bae- 
terlinn which Ih very eouiuimi In tlie decaying vegetable 
■natter of ordinary |Kinds and rivers and also of salt 
marshes. I showed that It takes several different forms, 
namely, (1) rods of various shniie, (2) fllnmeuta, ami 
(3) mlnnto spheres and ovolda of varloua sixes, vari¬ 
ously aggregated or set together In a Jelly or a film 
of definite pattern, or rise freely swimming, according 
to the nature and abundance of the nutrition supplied 
to It, and otter conditiona. It has also been shown to 
take oo a corkscrew shape. I called U a “protean” 
specie*, and subsequently this doctrine of the “pleomor- 
phlsm" of bacteria, a term referring to the multiplicity 
of shapes which can be assumed by many kinds under 
diverse conditions, was adopted by Zopf and other 
writers, and It is now regarded as based on established 
fact dome kinds are much more limited In shape sod 
mure Intolerant of changa of eoodltloua of existence 
than otters. 

The changa of chemical activity of bacteria by change 
of their coodltktna of life was first demonstrated and 
made use of by the great Investigator of bacteria, tlie 
chemist Pasteur. He found In 1880 that the rod-llke 
bacillus snthracU, token from tbe blood of sheep which 
hove died of tte disease called “anthrax” In consequence 
of Its preseooe, cu to cultivated on chicken-broth In 
tte laboratory, tad that If plenty of oxygon be passed 
over tte surface of tte broth and It to kept at s 
temperature six or seven degrees above blood-teat, tte 
properties of tte barillas are altered after a few boon' 
growth. It Is do longer oapabis of producing tte disease 
“anthrax” wten Injected too an animal, not even In 


Iciiitm or Im,-lllns from one hijocIcx of nnluinl. In which 
It was deadly, to another more tolerant of it, the 



Ism) could lu many cases be “atlpiiiinlcir that Is to 
say, Its virulence could In* reduced, 'lints the protec¬ 
tion afforded by “vai’clnatlou" In small-isix wus ex¬ 
plained - tbe small-pox microbe of innn Is-couilng at¬ 
tenuated In borlno animals yet serving to render hu¬ 
man beings when Inoculated wltb It reslstent or “Im¬ 
mune” to Its poisonous action. The ciswlilerntluu of 
tbe theory of this protective action wioiltl take us far 
from the preeont subject 

A number of cases have been studied In which the 
chemical activity of bacteria, ns tested by the prislne 
that of recoaulxnble chemical conqtouiidM, Is altered by 
culture. The most aliundstit Itacterliim lu tlie contents 
or the Intestine of man and animals, culled InicIIUih roll, 
lias Iteon studied lu regard to Its |lower of attacking 
various kinds of sugar (lactose and gliwosc) forming 
stills, liberating gas, and also producing Inidol when 
grown on broth, in these respects It acts different^ 
from Lhe “Hadllns typhosus,” which Is closely similar 
lu form to It. coll, but can do none of tlicsc llilngs, anil 
Is the cause of typhoid fever. By cultivation of baell- 
Itis typhosus on a film of agar Jelly, to wblcb the sugar 
called “lactose,” or BUgar of milk, was addeil, various 
strains of bncllU, with misllfled properties, have been 
obtained by a series nf Investigators. Tbe most Im¬ 
portant result la that, though R. typhosus cannot fer¬ 
ment lactose, yet aftor continued cultivation lu Its 
presence strains of tbe cultivation are obtained which 
actually develop this power, and ctoaety resemble bacil¬ 
lus coll It news that the milk-sugar eventually acta 
on B. typhosus, so as to convert It Into B. coll. 
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Recently, moreover, Ur. Cedi Revl* bu experl- 
mentally determined (according to bis paper* published 
hy the Royal Society) marked chaoses) Id cultivations 
of hactllua coll, the purity of which be lnenred by grow- 
Inu them from a elnflo Isolated bacillus, so that ther* 
could be no question of the accidental mixing of other 
kinds in the culture. The same principle of growing 
a crop of the microbe to be studied, from a single Indi¬ 
vidual, was Introduced liy Pasteur, and subsequently 
carried out by Hausen In the Investigation of beer-yeast. 
Mr. Her Is cultivated bis pure bacillus coll In broth, 
containing milk-sugar, at blood-heat, and added a small 
percentage of a chemical called “melachlte green" to 
the lirotb; In another scries of experiments he added 
"brilliant green.” His object was to see whether small 
quantities of these more or less poisonous chemicals 
would alter In any way the form and activity of the 
growing crop of bacillus eotL The green dyes have 
come into the hands of students of bacteria, In connec¬ 
tion with the method of study, which depends on stain¬ 
ing these microbes either after death or during life, 
and many varieties and different colon of these com¬ 
plex chemical dyes have been used. One of these 
"greens" happens to be described by chemists as the 
sulphate of tetra etbyl-dlamluo-tripbenyl-methane. It Is 
not an easy name to remember, and there la no reason 
why anyone should try to do so. But It might be used 
to mystify the unlearned os successfully as an Invoca¬ 
tion of "the nltra-vlolot rays.” Ur. Nevis found that 
the effect of the presence of a little "malachite green” 
was that a culture of the bacillus colt was produced 
which was neither In Its activities, nor In Its form, nor 
In Its mode of growth, a true B. coll, but greatly altered. 
It bad completely lost the power to produce gas, and 
never regained It When he used a trace of brilliant 
green (called also ethyl green) two distinct strains 
arose In hie col tore—one A modified in form, and re¬ 
taining in subsequent growth the same modified form, 
the other B undergoing increasing change In con¬ 
tinued cultivation, and resulting In a completely differ¬ 
ent organism. A was very small, B was relatively large 
and branching; A coagulated milk after seven dsys’ 
growth, B in two days; A fermented a certain sugar 
after twenty days’ growth In It* presence, B not at all. 
There statements will serve to give some Idea of the 
kind of facts which have to be observed In the pursuit 
of this question of the alteration of bacteria and badlll 
if dtohge of condition*, and It becomes "evident that 
there Is no reoaou for surprise that the ultra-violet 
rays (which are known to be those rays of the solar 
emanation which especially excite chemical changes In 
organic substances, and hence are often called the 
"chemical rays," as opposed to the "heat rays" at the 
red end of the solar spectrum) should excite changes 
in the growth and properties of bacillus snthred* simi¬ 
lar to those excited by traces of disturbing chemical 
drag*. 

The various chemical products manufactured by bac¬ 
teria are thrown out by them Into the Infusions, solu¬ 
tions, and broths In which they live. Some, such as 
there which are poisonous and disease-producing, can 
only be recognised and their variation estimated by 
Inoculating animals with them and watching the result; 
others are recognised by their amell; others by their 
production of color, nml even of “phosphorescent" light; 
others Jiy the special chemical fermentations which they 
excite, and can be precisely measured and distinguished 
by the analytical chemist. The fact that the peculiar 
smells and odorous products accompanying bacterial 
growth are duo to the bacteria themselves and not to 
the kind of material on which they are nourished la 
demonstrated by the Interesting fact that when culti¬ 
vated In a pure odorless solution of tartrate of ammon¬ 
ium the putrefactive specie* of bacteria produce an 
offensive smell of putrescence, although no organic 
matter Is present Similarly many bacteria produce 
brilliant colors—red, yellow, green, and blue-due to 
chemical compound* which they form and throw out, 
and these are produced freely in col or Ires solutions of 
tartrate of ammonium aa readily as wfieri thg'bute 
rlum Is growing on animal or vegetable refuse. My 
bacterium rubeaesns la an exception la the fact that 
the peach-colored pigment which It prodnoee la not 
thrown out but Haulm In the substance of the bac¬ 
terium and color* It The coloring matter la called 
“bacterio-purpurin," and appears to act somewhat la 
the same way aa chlorophyll or leaf-green, —the 
bacterium In Its chemical work under the lnfiueoo* of 
sunlight 

One of the mast remarkable color-producing bacteria 
Li that which occasionally appears In large mssswi on 
bread, and, sine* U looks like blood, has on seas occa¬ 
sion* canned BtttttSUUoua fears, and area panic (record¬ 
ed In the lagttd of the Bloody Host due to the Inva¬ 
sion by this Mjttarium of the holy water), it to known 
aa “bacillus prodigiosan” Races of it doeur which are 
colorless, and from tbsa* eolor-prodsdng races may 
proceed, when cultivated, aoma darker, eeme lighter. 


It appear* that the addition of oaftaln aalto to the mat¬ 
ter oa which the a prodlgtoeoa to growing toads to the 
production of white races, and also of dark red renal, 
which are permanent—that to to say, the chamical 
capacities of tbs organism are permanently affsoted. 

Another feature In which bacteria vary owing to 
variation of conditions to la the production of "sporea" 
—minute oval bodies capable at resisting desiccation, 
and even the beat of boiling water. Only a few bacteria 
are known to produce thaaa resisting spores (the hay 
bacillus and the anthrax badllua are among them), and 
there kinds sometimes give rise to a changed race or 
growth, which ceases to produce spore* It 1* not known 
what conditions cause this loss of the spore-producing 
quality, nor whether, when once Icet, It can be reac¬ 
quired. We thus aee that there are a number of changes 
of form, chemical activity, and other Important features 
which a kind or species of bacterium may luddouly ex¬ 
hibit when subjected to change of renditions gad sur¬ 
rounding agencies. They all require—and are seosiv- 
lng—further study, In order that their real causes end 
nature may be understood In the fullest detail, and 
It la rather absurd to print telegrams In the dally 
paper* about each little tact concerning them aa It 
comes to light 

Borne of these alterations or changes are more per¬ 
sistent when once brought about than are other* in 
some cases the altered bacterium goes on multiplying 
for as long as It Is kept under observation In the labora¬ 
tory without reverting to It* original condition; In 
other cases It soon reverts, or, on the other hand, may 
vary still further, and eo from one original stock we 
may obtain three or four more "modified” or “altered” 
strains, more or leas persistent 

It Is difficult perhaps not passible, to compare these 
changes In bacteria with the variations which arise In 
the many-celled higher plants and animals. Berne varia¬ 
tions appearing In higher organisms are pasted on to 
a new generation produced by sexual generation, that 
Is, by the fusion of an egg-cell and a sperm cell; but 
when a change of some part Is caused merely by the 
direct action of a change of external agendas, It to not 
passed on to s new gneration which Is no longer acted 
upon by that external agency. The bacteria do not 
reproduce by egg-cel Is fertilised by sperm-cells, but by 
simple continuous growth and division, or breaking of 
.tho^parent into $wol Heap* ^be ghsuga of oonstitipjou_ 
produced by changed external ormdltlona to in' them 
more likely to be continued, since the new growths or 
generations are merely bits of a single minute parental 
Individual which has been more or less profoundly 
altered throughout its substance. But when we have 
reproduction by fusion of two small reproductive par¬ 
ticles thrown off from two distinct massive parents, It 
U dear that a change brought about In one parent by 
conditions which acted on It, but did not act on the 
other parent, may very well be obliterated by the fusion 
of Its reproductive particle with that of the other un¬ 
modified parent (the “fertlllxatlan," aa It to called, of 
the ovum by the sperm). And this Is the more likely 
to hold when the modification or change produced by 
Home new external agency 1* one affecting only a small 
part of a large, massive plant or animal, and not one 
altering the parent’s on tire substance, as la the case In 
the modified microbe or bacterium. Hence, though the 
knowledge of these changes In baotrto Is Important In 
regard to the proper recognition of spoctos and kinds 
among them, and aa to their permanence and derivation 
or distinctness from one snother, we cannot maintain 
that It throws any light at present on the disputed 
views put forward by De Vries and others aa to the 
frequency and Importance of two kinds of variation 
(mutations and fluctuations) In sexual]y reproducing 
plant* and animals. Nor can It be applied to the dis¬ 
puted question aa to whether lanate or ’Haatogenlo” 
characters originating In th* germ alone ash tfatotads- 
rible while acquired changer eapertndneed on the body 
(somatogenic character) are not a* There to tn the 
bacteria no distinction between the "germ" and the 1 
‘tody.” All ws can at present say to that these ml- . 
<^06 aw . are liable to undergo, as tag resail of changed 
conditions, structural end functional , which 

are In some cases evanesoeat and In some ceam more 
persistant; but to what axteot persistent and why more 
or leer eo, we do not yet know. 

Three who desire to know more to detail the results 
and tendenctoe of reoent studies and espariawnto on bac¬ 
teria should compare the article on bacteria written by 
me to Watt's "Dictionary of Ohamtatry" In 1888 with 
the masterly ereay on bacteriology by the late Prod. 
Marshall Ward and Prod. Bobsrt Unto to tite ‘■neydo- 
pmdto Britannlca" to 1910. Twenty-five yean ago I 
wrote In the article above cited: "W* hare to expect 
th# most Important *dvanre* to tha Mora from the *n- 
deevore at becteri oto g to to experimentally to breed by 


dmtractire ration upon bacteria of the ttomrical ray* of 
light was known baton USA Mediae Etaari has no* 
found that moderate exposure to eoch tight, tike moder¬ 
ate dosee of chemical poisons, may modify ereaa ktodi od 
bacteria without destroying their Ufi* 

The production of inch ehaagss od ton end function 
aa we have bean reviewing to the beetotta haa been 
studied with mors striking snores in (he yeast* and 
some of the mold* which are also minute eerliee ergaa- 
lama. It alto forme e feature od very greet thecretieel 
and practical Importance In the proper unde r e tattdln g 

wrigUbtg Uah-beartog anlmalcnlre found to (he Hood 
of mammals, birds, reptile*, and fishea, end censing sev¬ 
eral serious disease*, such as nagana, sleeping sickness, 
and other hone and cattle plague* The rela ti ons h i p 
of the bacteria to the green filamentous Bchlsophyta— 
known aa oeclllatorim, which live to frafc waters end 
on damp rocks and walla—to one of great tot eree t, 
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Various Forms of the Periscope* 

Principles and Development of a Valuable Instrument Used in War 


Whiijc the lierJon 
In the direction nr g 
nttlou, there Iiiih h 
curliest typcH of i» 


parallel In inch other, mid Inclined 
direction of the Incident llithl. ’I 
mounted In n tul>e and hoixi ruled a 
(Fig. 1). 

For modern trench wurfure the ei 
Ik about IS In 2-i IncheH, end the 1 


In lubes, In boxes of square nr oblong wctlon, or at- 
taclied to a long rod. In eucli caac It Im necessary that 
the mirrors ahould lie fixed ui the correct angle, mill 
that there ahould lie no doubling or distortion of the 
Image. 

The prltK-l|iul rwiulremeiitK n( them- treueh perlxcuiaw 
are portability, lightness, small stop and Inconspicuous 
appeiimucc, and law Held of slew. When there are 
no leuaea the Held of view l» exactly the aame iih would 
be obtained by looking through a tube of the wine 
length and diameter. Thus, with uilrrora of 2 Inchon by 
3 Inchon and n separation of nlaiut 22 Inchon, u Held of 
view of 0 degrees would be olilulned; and by moving 
the eye about, tlila Held could bo nearly doubled. 

By using a box of oblong aeetlou the horliuntal Held 
of view enu be Inereaaed without unduly iDcrennlng tbe 
slxe of tbe |ierlaco|ie. As the Held of view In nuinewhnt 
limited In any case, tbe prluclpul objection to tbe uso 
of 11 lelcncope or bluocular, via., the reduced Held, uo 
longer applies, and muny iierlacopes are arranged to be 
used with a monovular or u binocular Udcncoiie. 

Mont lwrlncopcs can be need with a magnlHcatlou of 
two or three, L c., with ono tube of au ordinary opera 
glow; but wben blgbcr magnification U to bo used the 
mirrors munt be of better quality, both as regard flat- 
liens of nurfaces ami parallelism of the glass. When the 
mirrors are Urge enough—8 to 10 ceutlmetera wide— 
both telescopes of the binocular may be used, but In 
this case the requirements for tho mirrors are even 
mere stringent, oa the Images formed by tbe two lele- 
M-oiies will not coincide unleu tbe mirrors are plane. 
When suitable lenses are placed between tbe mirrors, 
1 be slie of the mirrors can be reduced or the field of 
view lucressed; It Is easy to provide a small magnifica¬ 
tion of tho image or even to arrange for a variable 
magnification. 

In such cases tbe lenses must bo arruuged to give an 
erect Image, or mlmim or prisms employed to erect tbo 
Image. An example of a periscope of this type la shown 
In Fig. 2, where tlm. mirrors are replaced by reflecting 
prisms, and tbe prisms erect the Image In mucb tbe 
sume way 111 tbe prisma of a prism bluocular. 

This arrangement la very suitable for a large magni¬ 
fication, but for larger fields the prism la unsuitable, 
unless It be silvered, and It la preferable to erect tbe 
Imnge by mcana of lenses. 

Wben longer tubes are used or larger fields are re¬ 
quired, llte design should approximate to that used In 
the submarine periscope. 

This optical system baa been steadily, developed since 
Its first introduction by Rlr Howard Grubb In 1901. 


bmarlne la developing Tbo ay stem consists of two periscopes, of which one 
I perfection and elabo- la reversed, so that the Image would be reduced In rise, 
lo the simplest and while tbe other magnifies this Image, so that tbe final 
uhc In bind warfare. Imago la of tin same aloe aa the object, or la magnified 
■ccall the polcutoscope. <>ue and a quarter or one and a half times. (As a very 
ventcenth country fur large angular field of view la required In theee peri- 
pe In IIm simplest form scopes, the beam reflected Into tbe tube matt cover a 
idr reflecting surfaces largo angle, and would soon fall on tbe alike of the 
■d ut 45 degrees to the tube; the reversed telescope, however, reduces the angle 
These mirrors were of the bourn, and so enables It to proceed far enough 
a convenient distance down tbe tube lo be received by the second telescope, 
and so transmitted to tbe eye) 

convenient scisinttlnn In modern submarines tbo tube has a length of from 
> mirrors arc mutinied HI to 24 foot, tbs diameter la from 6 to 0 Inchon, while 
tbe field of view la about 65 degrees. In order that 
objects shall look their real slxe, It 1* necessary to give 
a magnification of one and a quarter to one and a half. 

Fig. 3 gives an Illustration of a periscope In which 
\ threo telescope systems are employed. The drawing la 

_ —- made from Information published by Messrs Goers' of 

1 1 Berlin, and relates lo periscopes made by them. It la, 

I . of course, undesirable to give any details of KngUab 

I periscopes at the present time, 

s An outer tube has a spherical glass cover. In tbe 

* / Inner tube la Lbs optical system, which can be rotated 

I lo face In any required direction; the eye piece, bow- 

I ci or, remains fixed 

I The optical system, which follows In lLa general prln- 

- -j cl pics Nlr Howard Grubb's original design, consists of; 

/ (1) A reversed telescope, giving a reduction of about 


(2) A telescope, giving a magnification of about two; 

(3) An erecting prism which can be rotated so that 
tbe Image given by tbs system Is correctly oriented; 

(4) A telescope giving a magnification of about three. 

This telescope Includes a fixed eye piece and prlam, 

so arranged lhat the observer looks borlsonUUy at the 
object At the focus of the eye piece are placed a scale 
and pointer to show tbe bearing of the object sighted, 
and a ruling to allow tho distance to be estimated when 
the slxe of the object is known. 

My tbe nld of a subsidiary system, apectil parts of 
tbe field can be further magnified to allow of objects 
being examined In more detail. 

Tin- eunUnned use of the perlacope la very trying to 
the eye, so that devices have been used to throw the 
Image on to a ground glass screen. Tbe ordinary eyo 
piece and ground gloss systems are made lnterehange- 
nble, so that tbe observer can readily pass from one In 
I ho other; be miy observe with the ground glass lu the 
ordinary way, but examine special objects with the 
ordinary eye piece. 

Tlie field of view of the periscope Is still limited, and 
various attempts to overcome this difficulty have been 
rondo. More lhan oue prrtsroi>e can be used aud the 
Images cnuitilued to form a complete Image. A recent 






Jects are seen la ono to wbtah tbe aye is not pew* 
accustomed. The conditions of lighting, too, nodar 
difficult to distinguish objects, especially wben than 
mist or spray, so that tbe effective twa of a periaoc 
requires considerable skill and training. 

Trench periscopes may be obtained from most < 
Brians, and tbe following are a few typical forma; 

Tbe Uampoon, wooden stake carrying two micros 
price 7a fld. 

Tbe A da mi, Jointed rod; prloe 10s. fld. 

Tbe Stanley; the support la In the form of buy ton 
and la of a light alloy; {nice 23*. 

Theee open-mirror types are tight, portable, with go 
Hold, but the mirrors are not protected from rain, a 
tbo useful field la surrounded by blight iky. 


sssmussi 
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which enables a view of tbe whole boriaon to be ob- 
talned at once. Tbe Image formed by tbe ring system 
I* much distorted, bet wben any objeet la picked up K 
can be examined by means of tbe ordinary sy stem. 
These two optical aystams are combined tn one lnatra- 
ment, so that tile two Image* are seen In the one Arid, 
the Image formed by tbe ring system tumuddtag tbe 
other. 

Bnt theee ring per la co p ee are still far tram perfect, 
their distortion making It very difficult to tdawrisy ob¬ 
ject* ; and this difficulty, tbongb not eo pronounced, 
occur* with the ordinary periscope. Tbs point of view 
from which tha eartsee of the aaa and **rro un < B og ob- 


Tulw types arc made by Messrs. Negrettl and Zambra, 
I'lxoy, The Periscope Company, and many others; 
prices from Hs. fld, to IBs., depending on the metal tube 
used. In Ihcae types the Held la rather limited. 

Messrs. Charles Baker A Co. supply a type with large 
mirrors, which can be satisfactorily need with both 
lwirrels of n binocular. In aplle of the large mlrren, 
the trim Is very portable; price 80a. 

Many makers supply types in which tbe optical system 
I - Incorporated with the perlacope, and tbe prices of 
these range from 2Ss. to 61. 10a, according to tbe type 
of optical system used. 

Battery-Operated Locomotive Headlights 

It Im rather notable (hat tbe Hontbern Pacific road to 
lining lottery operated lights on Its locomotives. The tatt¬ 
ler}’ outfit to a 300 ampere-hour toad cell storage battery 
that Ih carried on top of Um boiler, from which It to 
removed at the end of each trip tor recharging by a 
Hieiial crane. Tbe headlight take* IS ampere* at II 
volta and tb* battery will operate this, together with 
three cab light* and two "Wtorard" light*, for thirteen 
boars. For tbe headlight 140 candle-power attrogse- 
nilnd tungsten lamps are need In the Old standard 
reflectors. 

Oiom SterilixiHf Plot 

A oood example of the Otto 0 * 00 * riariltolag peace** 
by electric apparatus to semi In tbe plant at Sabtoe- 
d'Olonne, France, one c< tbe wall-know* Atlantic OoMt 
waterlog place*. The water.to ftett put through land 
filter* hi order to clarify It, and than goes to the oaon* 
plant A producer go* engine and dynamo ffir*l*m* 
tbe current for o*one apparatus and for motors Vrbss 
tbe, mala well electric motor pomp* take *p the water 
and send It Into the'-Boone atcriltoing tank. TO* water 
then flows Into a ctetas.fi from whence s l ee tri e 

Pfitflp groups deliver it to tb* town piping. Tbs pres¬ 
ent plant contains eppmatu* for &009 cable fect a*h*0r. 
total, and to laid st la t*o Ukefatifitl group* of 9pm 
cubic feet each. A separate dynaaw grocp to pgovMMl: 
for each group, *0 that they are Independent. Two s l— ; 
trie pomp* serve to toped* tb* fitter. tarigg 
sotuee, and fipo^qr. pair of, pom* « W* im 
output each handle tit* water between batetwafid ate& 
Iwr. For tb* offtake of tit* *tttiB»fi mter Sbjsay Site-', 
■too two oeatrtfugai pmttte of Um**roet 7 »u. nfetegjjU 
pump groope U *U for tto pteat We Mi atetptfi; 
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The Romance of Motion Pictures' 

A Scientific Toy that has Grown to be a Great Commercial Factor 

By C. Francin Jenkins 


Wim tlM Mm of motion pictures originated I <k> 
not know. But a hundred yean before Christ, Lucretius 
strangely wrote bln friend, thus: 

“Do not tboa moreover won dor that the linage* ap¬ 
pear to mors, and appear In one order and time their 
let* end arms to nae; for one dlanppeara and lnrtaad 
of It appear* another arranced In another way, and 
thka arena each gaatare to change. Cor yon mnat un- 
derttand that this takes place in the quickest time,” 
which la an exnet description of the motion picture of 
today. 

If this la really what he meant, then It took two 
thousand years to get a suitable picture ribbon and a 
perfect machine to handle It, and ten year* more to put 
the hr-*—m on a paying bantu. When we had motion 
pictures at the Atlanta Cotton Mates Exposition, in 
IhOG, we were not able to convince the people there was 
anything Inside worth looking at So we threw the 
duors wide open, Inviting the weary sightseers to come 
in and sit down for s rat, and after the exhibition 
explained that anyone who wished to contribute twenty- 
five cents for the exhibition he bad seen of this won¬ 
derful new invention, might leave it at the box office 
golug out, and wo should be duly grsteful therefor. 
Nor was our confidence In the American's lore of fslr 
play misplaced, for the money began to roll Into the 
box office. 


The year before. In Washington, 1 found It Just ne 
difficult to make penonal friends understand In ad¬ 
vance what these pictures were. And agsln, lu the 
winter of 1M4-UW0, In an exhibition before the Frank¬ 
lin Institute of Philadelphia, a gentleman, In seconding 
a motion which had been proposed by someone that the 
society award the KlUott-Oreoon Medal for this Inven¬ 
tion, said, that while he heartily eccondad the motion, 
he would like to Inquire whether Mr. Jenkins could tell 
them of any way by which the device could be made 
commercially profitable. I had to admit that I could 
not, for I was ouij an Inventor, and an Inventor rarely 
know* how to make money tor himself. 

And so matter* drifted aloug some eight or ten year* 
until a venturesome spirit ojieucd a Uttle five-cenl 
theater In a vacant store on Fourteenth Rlreet, nesr 
Broadway, in New York city, lie made arrangement* 
with cameramen which guaranteed him a now picture 
every day, and this was the beginning of the motlon- 
ptetura theater Industry end a film exchange system 
which has continued until uow. 

So now we have a device for dramatic representa¬ 


tion which gives m every form of entertainment known 
to man since the beginning of time. We present the 
story teller In a pantomime far more effective than 
mere words alone; we show every form of spectacular 
reproduction In a splendor never dreamed of by a 
Cesar; we present every human emotion known to 
exist In a realism and costume true to nature; we mul¬ 
tiply the magic lantern a thousand-fold hi every reel; 
we brtug every distant country, every strange people, 
every quaint custom, every new and wonderful Inven¬ 
tion, every "denlUlc discovery, all thla we bring to the 
stay-at-homes, and the humble utckel pays the fiddler. 

Of the early worker* In motion picture* Prof. May- 
bridge obtained an analysis of motion that caused ar¬ 
tist* to change their accepted notions. Ill* animal 
locomotion stadia have become classics. But little later 
I Tot Marie need motion pletura In certain scientific 
work ha was doing. In Paris And stlU later Ancbuts, 
exhibiting motion pletura at the World’* Fair, Chicago, 
Idea, with a box Into which one- looked to see small 
picture* However, these gentlsmefi all contented them¬ 
selves with analysts of motion, mainly. When they 
triad synthesis the resultant pictures were but small. It 


Ml to my lot to take the one step which made thaae 
Httl* picture* large and unlocked the flood gates of a 
lipsluaa amounting last year to near **>0,000,000. 

Motion pfcftura net only show strange, truthful 
things, tat trill entertain yon with unreal thing* with 
each g mailetlc rambtsae* Of troth that yon grip your 
ohalMaaxetUamt Too fWlow with th* hero through 
5*n the Stage* Of tor* and hate and passion, and aettie 
'tihwfe-toft * Ugh relM*w^» tha criato Is past. It 

E x* halting to th* street, bead 
; knotted down by g ten-ton 
«i thla "ad g idea of paper, 
•n Me way gU oncooaroed; 
Maid mltians of a pickpocket 
e thelr ahtifi erode the room. 


climb up tbe chair leg, up the man’s hack, reach quietly 
under his chin and steal Ihe diamond from Ills tie? 
And you Hee these mittens caught lu the act and looked 
In a solid box, go groping around Inside search lug every 
nook a ml comer fur uu avenue ut escape, only to ship 
at the lock, and alnwly unraveling, steal through the 
key-hule and deposit themselves In a pile of loose yarn 
on Lite table, and Immediately thereafter patiently ro- 
knlt themselves tuto a pair of mltteus again. 

The moving picture la rapidly coming to be rvcog- 
nlaed by tbe educator as of great value In Ills work. 
The legislatures of three Htales have passed bills and 
appropriated money providing for motlou lectures la 
their schools, while the Inw-uiaklug bodies of several 
other Ntates are Mug urged to pruvhle those pictures 
as an aid lu instruction. It being conceded that picture 
education was our first and Is the quickest and the most 
Inst log. Education la simply the forming of mental 
pictures, but these pictures should be alike on every 
bralu. If a class of a hundred students learn an oral 
Itswnn a hundred meulal pictures are formed, hut they 
are prububly all different. If, however, the lesson Is 
taught by motion pictures the hundred mental Impres¬ 
sions are all alike. And these picture lessous are 
brought from every nook and corner of the earth, with¬ 
out translation, for the motion pictures speak a uni¬ 
versal language. 

Perhaps It la not known to all of you that thla pic¬ 
ture ribbon la the only unit that Is standard In every 
country. Hallway gages, for example, vary lu different 
countries, units of valne, volume, weight aud of length 
differ, even the color of the people vary in every dime, 
but the motion-picture film Is the same the world 
over. Tile usual unit length Is 1,000 feet, known as 
a roeL 

And now a word about the mechanism by which them* 
results are attained. It may seem perhaps unnecessary 
at thl» tale day to say that a motion picture Is the 
synthesis of a long series of separate pictures placed 
end to end on a ribbon, and that these pictures arc pro¬ 
jected by means of a modified magic-lantern onto a 
eanvn* or screen, sixteen pictures per second Much 
little picture Is brought Into the focus of the projecting 
lens Intermittently, and It Is this Intermittent move¬ 
ment of the film at Ihe picture aperture of the ma¬ 
chine which Is the vital featnre of the mechanism. The 
device by which this Is accomplished In an enlargement 
ut the Geneva atop, found In many watches, to prevent 
winding Ihe spring too tight 

I'luii the ucmrncy of the locking portion of the driven 
member of the Geneva gears referred to dei-ends tbo 
steadiness of the picture on tho canvas, for the film 
must be started mid stopped with microscopic pxsetnesa 
nearly one thousand times per minute. 

The other of the two essentials of occcptsble motion 
pictures to-day Is the absence of scintillation or “flicker," 
as tt Is known In tile art, which some years ago mi sf- 
fected one's eyes, often the cause of serious lieu-laches. 
It Is the alternation of Ihe light aud darkness mused 
by the leasing shutter blade which muses the fileker, 
and title occurring sixteen times per second was l-aln- 
fully conspicuous. Later someone suggested cutting the 
light i-erlod twice more for each jilctare hy putting on 
two more blade*, resnUlug In forty-eight flickers per 
second Instead of the original sixteen, and because tha 
eye dues not readily perceive forty-eight alternation* of 
light and darkness per second flicker la practically 
eliminated. 

The machine which I shall use to-night avoids the 
flicker, Imt In another way. It depends on tbe fact that 
It takre a perceptible time for tbe retina to recover sen- 
attlvcnem after the Impress of a strong light So, If 
one Impresses the picture on the eye for a sufficiently 
long time, relatively, one does not notice the changing 
of th* picture, and Uttle or no flicker Is observable. 
Thla enable* on* to secure brilliantly lighted pictures 
with a small amount of current for tbe picture la Im¬ 
pressed on the eye continuously, except for the 1/100tb 
of a aacond employed to bring such Uttle picture Into 
the projection aperture of the machine. 

These two device*, then—tho Geneva gear and a 
proper shutter—are tbe obscure essentials of the mod¬ 
ern plcture-lirojectlng machine for producing a ateady, 
flicker less picture, while all tbe other* elements are 
■Imply matters of convenience or of fire Insurance 
undsrwrtter*' requirements. 

Two chingas am rapidly nearing adoption to over¬ 
come conditions which bars heretofore handicapped tbe 
owner of ■ photo-play bcuao. First, within a very abort 


time lie will Is- nblo to cli-s-se ii programme ili-i-ordlng 
In tils own concept ion or the lusted and utalies of his 
lullmiiH; and second, the price of admission will be 
higher unci tickets will Is- sold wlili-li represent u |wr- 
tlcular seat In tbe buuse Just ns they lire now sold fur 
the ordinary talking theater. 

This change of method logically results, anil lu show 
tlic n-umm for this trend In tin- nrl one might bike, us 
un example, any one or u down picture-producing com¬ 
panies with studios located lu southern Culiforuln, 
where photographic light Is practically uulform the 
your niuuiL Here uro hundreds of Ihuinuiuds of acres 
under purchase or lease, and above u million dollars' 
worth of wild antmuls, lu great variety, handled by 
skilled aniwul trainers, the whole used us playground 
unci accessories for the making of motlou pictures which 
will enlcrtniu and instruct. At least flfi,uuu,uu0 ure 
Inn-sted lu sonlheru Cnliturutn In the making of pic¬ 
tures. These uud otiior piny grounds ure Mug used to 
produce pictures of u higher class uud quullly. The 
nisi of cuch sueh picture runs Into large figures, conse¬ 
quently lllm-roulHls tire higher, uud n llve-cvnl uduita- 
ston Is no lunger ns profitable ns formerly. 

Borne live or sl\ years ugu 1 hupis-iusl to Is- In u studio 
lu New fork when a little girl and tier friends came In 
fimii the street to watch the making of u motion pic¬ 
ture und is-rhups with the hupu that they might lie 
requisitioned for extras In the play. The piny being 
photographed ]K>rLruycd an old musician who had been 
inmuceessful lu his efforts to lmve a piece of music he 
hud written produced and liud at InsL Iss-u reduced to 
tile necessity of playing the violin un tin- street corners 
for such iH-unles us might be Usuu-d hint. Between 
times lie Imil taught the little gruudsoii to plsy the violin. 
And so the plot was luld. A l-oy wits needed for tile 
park The director, glancing at the row of children 
ugninst the wall, Instantly picked out the |-articular 
Uttle girl I have mentioned. Calling tier to him, he 
naked: -Will your mother let your hair be cutV The 
little girl thought so, lull would go mul ask. und nwuy 
she run, presently returning with the required permis¬ 
sion; and so to I lie barbers they sent Uie tussle, while 
n messenger was dlspulcbcd to buy u boy's suit. 1 dis¬ 
tinctly remember seeing thu director tearing the pucki-ts 
uud slushing the coot with Ills knife to innke a new suit 
limk like an old one. In Ihe (q-enlng scene the hid 
"rustles" the few dishes uud isms lu supper unticliai- 
lloti until preocntly Ihe old man comes lu mid drops 
wearily into a chair. The little fellow runs to him and 
strokes his forehead mill hair until lie fulls asleep under 
the gentle touch. Then be slips quietly out of Ihe roum 
with the violin and how under Ills nmi. Jn the next 
scene he hursts Into Ihe room with Ills bat full of 
money, iiihI waking the old iiiun shews him tbclr wm 
derfui luck. That little girl whs Mary I’lckfonl. Blit 
received fits fur her day's work; but wlml whs more 
Important, It was scon that she ismsussod in exceptional 
degree those rare chm-nclorlslh-s so necessary In the 
picture business—u g-ssl pliulugruplih- filer, tile girt of 
feeling the purl played, and the ability lu do It 111 panto¬ 
mime. ller salary to-day Is WJWO a week whether she 
works or not, and she Is known to every motion-picture 
"fan" hi tlie whole world. Of course, not all players 
got any such salaries, hut It Is tills very example of 
erstwhile unknown l-enple reaching up to l-lg liny en¬ 
velopes that turn caused the almost wholesale exodus of 
nioinit Into the billions; and surely u business which 
Ihcntcrs, from the "dlvlue Surah" to the must lowly 
player. Bat I assure you that many of them will be 
disappointed, for acting before a camera Is a very dif¬ 
ferent thing from acting before (lie footlights. The load 
players for motion pictures are those who liave grown 
np with the business. Tlu-y don't linvo to imlcurii 
anything. 

Among the prislueers the same story might In- told. 1 
can nauu- amt mg my own personal acquaintances at 
least s dozen mlllhniulrcs who four to eight years ago 
had practically nothing. But do not for a moment think 
lliul money Is so easily rondo lu motion pictures thut It 
requires no effort of Jndguieiil. for while un opis-rtuidly 
Is there. It takes Judgment In this business Just us 
surely as It tokos Judgment lu any other business 

So tills is the Industry which has grown up since llie 
little exhibition which I gave In ISM lu the first club 
rooms of Hie Capital Camera Clnb, nn Industry which 
has grown until the property interests represented 
mount Into the billions, and surely a business which 
give* so much pleasure to more thini ten million of 
peoi-ie dstly cannot be wholly had. 
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The Measurement of Distances in War* 

Ingenious Modem Methods and Instruments Now Used 


In wnr (lie direct iiieimiireiiiont of tin* diatom* of the 
cm-iuj's position Is out of I lit* ciuratlou, aud moasuro- 
uicnl hy trlmiKUluttou Is prod U-iihle uuly Id fortified 
plum*. In nil other nines, until recently, distances 
could only Is- miensisl. Mini) iitteiiipts Imve been made 


before tbe right eye a small mirror. Inclined 45 degrees 
to the line of sight, which reflects into the eye the 
Imago of the scene formed by a larger parallel mirror 
placed 15 Inches to tbe right. 

If a binocular field glass Is Interposed between the 
telestcreoecope and the eyes, tbe ecene la again sppar- 


more convenient to place In the focal plane a fixed Male, 
so graduated that each Interval corresponds to a dis¬ 
tance of 100 meters. This produces In the field of the 
telescope a scale of measurement that can be applied to 
any part of the landscape. The operation of this de¬ 
vice la illustrated In Klg. T. The marks m\ and ■»'. MI¬ 




LA, left eye; HA, right eye loner mirror* ; 88, outer 


glass or by artificially Increasing tbe effective lnteroc- 
ular distance. The second method la adopted In the 
telestereoscope of UeUnhotU, which conalirta essentially 
of two pairs of Inclined mirrors arranged lu the man¬ 
ner Indicated by rig. 1, The large lateral mirrors SB 
are parallel respectively to the two small central mir¬ 
rors JBp, which are rigidly connected at right angles to 
each other. (They may be adjacent faces of a right 
augle prism.) Each eye sees the landscape by doable 
reflection from the Urge and small mirror on one side, 
aud the effect U the Mime ae if the eyes were moved 
outward to the pneltloni of the Uteral mirrors B8. It 
tbe distance between these mirrors la six times as greet 
as the real InterocuUr distance (2.6 Inches), the effec¬ 
tive interocular distance and the atereoscoplc effect are 
increased six-fold and, as all dimensions are estimated 
In reUtion to the Interocular distance, tbe Undaeape 
appears six times smaller and six times nearer than It 
U in reality. The same effect can be produced by view¬ 
ing the scene directly with the left eye, and holding 

• Abstract of Prof. Keltsr’. artlela Is DU Dmaeksa. Trass- 
latad for tbs Hciixrinc Auasicas lonuanr. 


duced by the Abbe-Zclas prismatic field glam (Fig. 5), 
In which the objectives aro about twice aa far apart aa 
the eyes, so that, with a magnifying power of 10, tbe 
depth of the stereoscopic field U 10 X 2 X 1,500 — 
30,1)00 feet, or nearly alx miles. 

In both of these Instruments two a tightly different 
Images of the Hcene are produced In the focal plane of 
the objectives and are viewed through the eye-pieces. 
The stereoscopic Impression of distance la due to the 
fact that the two images of a near point are leas widely 
separated than the images of a distant point. If two 
marks, m, and m» are placed In the axes of tbe eye¬ 
pieces, just In front of tbe focal plane (Kig. 0), they 
will appear as a tingle mark at Infinite dlstanoe. If 
the mark si, U then moved to the position in', or m'» 
It will combine with st, to produce the appearance of a 
mark at the distant point st’ or the nearer point st'. 

In this manner the mark can be brought Into ap¬ 
parent coincidence with a church steeple or other ob¬ 
ject P. The distance of this object can be calculated 
from the amount by which the movable mark has been 
displaced from Its aero position st. 

Instruments with movable marks have been coo- 
xtrnoted and employed In practice, hot they require a 
•sparata calculation for each observation, it la far 


scale Is made In throe Inclined suctions and tha rowi 
mark** appear to traverse tbe scene In slgug reest 
lines, aa will appear In the most striking manna 
Klg. 8 la viewed through a stereoscope, or if each i 
is viewed with the corresponding eye, a large card b< 
held vertically between the eyes, If necessary. 

The Zelsa stereoscopic telemeter, In which this mea 
Ing device la employed, la shown In Klg. 0, and the i 
of the visual rays in the Instrument In Indicated In : 
10, while Klg. 11 Illustrates the method at ndn g 
telemeter without the aid of a stand. 

Tbe Instrument Is made In three models, having 


a distance, more acmuatt results are 


too stiff to band appreciably and an envelops at 
protects It from nneqnal beating, which might prof 
curvature. Tba eye-pieces can be adjusted to the to- 


unm f mi mu m 
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tfrooalar diatom* of the observer, tod the rata can be 
Ulurtaatad tor naa at night The height* of object* can 
bo Interred from tba marks already described, which 
rise and diminish la alas as they recede, bat the Instru¬ 
ment abo contains a vertical scale for more precise 
measurement of heights. 

The stereoscopic telemeter Is especially valuable for 



Fir- f-—Zeiss relief telescope folded. 


messarlnr the distance of a too vim object and In dis¬ 
turbed conditions of the atmosphere, when It la Impos¬ 
sible to me a theodolite, and it Is indispensable tor 
measuring the elevation of airships and aeroplanes. 
The Instrument, furthermore, fives a simultaneous com¬ 
prehensive view of the distances of all points In sight, 



Flf. L—Prise!*}* a i storable masks. 
L, left are tC, rights*. 


while the theodolite toQtire* repsatsd settings and 
tedfctaq dakoUtioe* la arte to todra tht dtatanoe of 
a tete POtot Tha a tsracoop to tataamtar la teat, 
patrte c h shtret t> pwrerete of an soot, Urlsg mote 
•( to* 4w:#Wte> and BlM of a ooattete mala te 
tote** f & mmm to army dbaMtoa, rraa te 
# te * te . 


Fuel OH* 

Tus use of oil In one form or another a* fuel for gen¬ 
erating power or for domestic heating should be consid¬ 
ered under several conditions: FI rat, where oil Is the 
most efficient source of beat and power because of the 
absence or Inadequate supply of cheaper fuel. This la 
the condition on the entire PaclHc slope. Second, where 
tbe use of oil as fuel represents a means of disposing 
of excess accumulation of crude oil, residues, or distil¬ 
late*, for which no market Is at hand. This condition 
frequently prevail* in tbe newer fields of the United 
Mates: It always represents a means of disposal by the 
refineries of undesirable products which would other¬ 
wise go to waste. There Is a third condition of use of 
crude oil nr lta products as fuel which Is In n radically 
different class. This Is Its application to the generation 
of |s>wer liy making stsam or tn Internal combustion 
engines In the Navy and tho merchant marine. This 
use Is not so strictly limited by the price. 

The production of s sudden flood of new oil In any 
part of the world naturally carries with It the utilisa¬ 
tion of more or less of this oil for fuel when the price 
per barrel goes below the limit of competition with cool. 
Thu* at present In Wyoming, although (hat Htate con- 
HIiih adequate supplies of coal, use I* made of the 
otherwise nnssluble products from the Casper refineries 
for locomotive service over long distances In that Htate. 
This use must naturally Increase front the fact that the 
production of oil In Wyoming Is extending faster than 
any ixmdble adequate market for tbe heavier products. 

Crude oil seldom remains cheap for a very long 
iwriod, and therefore the supply for railroad oho and 
for other fuel purpose* Is so unreliable that crude oil 
as a fuel has lost favor very rapidly, and recourse la 
eventually made to those products from the crude, 
which happen In the particular oil under consideration 
to more than supply tbe demand for those particular 
products. •' 

A short time ago the separation of a given crude oil 
Into marketable products was strictly limited by the 
quantity of those different products naturally occurring 
In the crude on. But more advance methods of re¬ 
fining have lately Included the ability to break up the 
lees salable products In crude oil, and thus Increase 
to a very great extent the yields of those products 
which are most salable. 

An Interesting example of this Is found In Csllfornls. 
where the oils obtained a few years ago contained only 
small percentages of gasoline and kerosene, no that 
there was a very large quantity of heavier products 
from tho OH, all of which happened to find a good 
market as fuel. At first. In order to make up the deficit 
In gasoline and kerosene, gasoline and light crude oils 
containing mnch gasoline were Imported from Borneo 
and Sumatra; then recourse was msde to extracting 
gasoline from such natural gas as occurs In association 
with oil and contains considerable quantities of gasoline 
vapor. Within the last two years, following this ex¬ 
traction of gasoline from natural gas, the supply of 
gasoline has also been augmented by cracking the heavy 
crude oils under pressure, with the resulting produc¬ 
tion of “motor spirit’' 

Within the last two years also, a more significant 
change has occurred. The oils recently produced, espe¬ 
cially those from considerable depth, have shown a 
much greater content of gasoline and kerosene—so mnch 
so. Indeed, that the effort to produce an adequate sup¬ 
ply of gasoline has been overdone. This material, so 
mnch In demand in the Bastern United States tor auto¬ 
mobile and other internal combustion engines, has 
glutted the market of the Pacific coast with conse¬ 
quently greatly decreased prices 

It is evident that the ability of the refineries to fur¬ 
nish, from an Muds of crude oils, those products which 
are in greatest demand has anormoualy increased with¬ 
in tht last few years. As a result there la much leas 
of tny waste product to be thrown into the waste tanks 
and sacrificed under the general term of fuel oil. The 
pricto of this material rose significantly in all parts of 
the eastern fields. Low prices ter fuel oil In the future 
win depend chiefly upon the production of oO of *11 
grades, In such quantity that much of It can only find 
market as fori. 

Within the lost tow moo tho, however, the tendency 
toward cheaper foet oil bss increased because of the 

• Fraa the noert of the OalMBtatmOeotasieal Sarny m 
tbe Piedaetiee of Fstntaea la IBIS. 



producing of low-grade erode oils in larger quantity In 
tbe Gulf field of Louisiana and Texas—that la, at Vin¬ 
ton and Edgerly hi Louisiana, in Orange County In 
Texas, and also at greater depth In the old Helds of 
Sour Lake, Saratoga, and Batson, In Texas. 

The mld-Contlnout fields are forcing the heavier oils 
of tho Gulf region to find u market elsewhere, chiefly 
bh fuel. These Gulf oil* yield good lubricant*, but 
only a munll pru|>ortUm of the supply can Hud a market 
tor that limited u*c. Farther, the large fleet of tank 
HtCHmer* Intely Imllt enable* Mexican oils to Invade the 
restern coast of the United States. This makes it prob¬ 
able that a large vine of fuel oil may become a feature 
In manufacturing enterprise* of tbu e*Ht coa*t region, 
anil flint while this uhc Is l*-liig develiqn-d inreful study 
will he given to modern method* of burning oils In 
Internal eombustlon engines. It hIioiiIU Is; home In 
mind, however, that If thl* Miilwtltutlon of eoitl by oil 
n*vires very gnul fnvor the movement would easily 



Fig. B.—The Zeiss stereoscopic telemeter. 


overtax the llmlliitioos or all the tank steamer* In tbe 
trade- III the meantime, the advantage* of fuel ell for 
iDHrlne engine* are no great that the navies of the world 
will demand It Independent of lta price, and the mer¬ 
chant marine will be obliged to give this matter ex¬ 
tremely careful consideration. Should an outlet for 
fuel oil* really tic opened by one large transatlantic 
steamship line, the effect upon the price of fuel oil 
would he marked. 

Harvest Forecast* for 1915 

Tiik Board or Agriculture and Fisheries have received 
Die following Information from the International Agri- 
ill! turn I Institute; 

Kcixirtn hare been received on the sowing and tbe 
condition of winter cereal crop* In the Northern Hemi¬ 
sphere. 

Krgnrdlng the extent of crop*, there I* an Increase 
In the area sown In i-ouqinrlson with the 11)14 area of 
wliont In Italy il2,8.H>,00» acres, an Increase of & per 
cent), Id (lanoila (1 “03,000 acres, an Increase of SR 

K 



Fig. 7.—Principle of tolaaeter rale. 


per cent), In tbe United Htatre (41,240,000 acres, on in¬ 
crease of 11 per cent), and In India (20,001:000 acres, 
an Increase of 22 per cent). For the present crop con¬ 
ditions are not generally stated to be abnormal. 

For wheat tho 1014-15 harvest forecasts are available 
for Argentina, Chita, and Australia, the total present 
crop tn all there countries being estimated at 181,748,000 
hundredweight*, compared with 128,004,000 hundred- 
weights In 1818-14. The excellent yields of Argentina 
and Chile largely oompeoaat* tor the reduced crop In 
Aretrelte lta Loads* Daflr Fetaprapk. 
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Atoms and Ions—IV* 

A Comprehensive Discussion Especially as Related to Gases 
By Sir J. J. Thomson, O.M., F.R.S. 

Continued from Scientific American Supplement No. 2064, Psge 311, May 15,1016 


In opening the fourth of hie lectures, the lecturer 
Held that he wished to draw attention to caaee of Ionian- 
tlnu produced by beating various salts. The prob¬ 
lems here lnvidvod bad two aspects, according as the 
cliy-trlilty wua liberated from the ad Id aalt Itaelf or 
from I ho vapor occupying the apace Immediately above 
It. It waa necessary that there two aapecta should be 
kc|>t nimrt and considered separately If clear ideaa aa 
lo the nature of the lonlaatlon were to be attained. 
WIicii certain salts were heated llicre waa, he proceed¬ 
ed, a marked production of electricity, the character of 
wlilcli waa found to depend a great deal on the nature 
of tlie aalt. Where the electricity waa liberated from 
the solid aalt there waa In aome cases a marked excew 
of isjaltlve electricity, while with other salts It waa the 
negative electricity which waa In excem. 

Taking a little aluminium phosphate and raising Its 
temperatnre by-means of an electric heater, the lecturer 
allowed that when a plate connected to an electrnxcdjie 
was brought over I lie hut salt, the electroscope wiw 
rapidly dlacbarged when Its own charge waa negative, 
hut that the leakage whs lnalgulllcnnt when tin* electro- 
wnpe was poaltlvely charged. When aluminium phos¬ 
phate waa heated, he proeoedeil, poaltlve electricity 
waa produced 111 grent ciccaa, while with other aalt* 
similarly treap'd It waa tho negative electricity that 
waa hi excess. Whether the one result or the other was 
attained tepended n|ion tho chemical nature of the 
aalt, and he hud found an Interesting connection be¬ 
tween tho character of the charge liberated by heating 
and that liberated wlion the aalt waa crushed In an 
agate mortar. Most snlta, he aald, get electrified when 
carefully powdered, and the sign of this electrification 
was the annic ns that of the electrification produced 
when the unit wna rntwd to a high temperature. It 
would aeem, therefore, aa If III both cnaca the electricity 
waa due to the tearing off from the aalt of a surface 
layer of electricity spread over IL If thla layer waa 
removed to some extent by tiowdertng or by heating, we 
should get exactly the effects observed. 

It waa Important In such caaee to know what was 
the carrier of tho electricity produced. The usual 
method of measuring the mass of the carriers was not 
readily applicable In experiment! of thla kind, na the 
high temperature would affect tho photographic plate 
or phosphorescent screen used. Another plan was there¬ 
fore adopted. A plate commoted to an electroscope waa 
placed parallel to the plate supporting the heated salt, 
anil between the two platen and parallel to them a 
Mining magnetic Held wna entaUlshed. If tho Held were 
destroyed, every electrified particle from the aalt would 
reach the oppnHhig plate and help to dlachnrge an olec- 
Irowope connected therewith. On rc-eatahlbddng the 
Held, however, the magnetic force would curl round 
Ihe paths of these particles Into circles, mid the strong¬ 
er the field the sharper would be the curvature of the 
trajectories. Hence hy making the Held sufficiently 
strong, the orbits of thn particles would be bent round 
so much that none of them reached the apposing plate, 
hut fell bark on to the salt below. Hence by varying 
tlie mngnette field, It was imsstble to pass from a stats 
In which nil the pnrileles reached the oiipcalng plate to 
one In which none of them Old: and the transition was 
a pretty aharp one. Knowing the distance at which 
the iinrtlclea Just failed to reach the plate, tho ratio 

— oould be (iutormiuod by means of the equation: 


where i denoted the distance between the plates, X the 
electric force urging the particles from one plate to 
the other, and II denoted the magnetic Held. 

Prom experiments based on thla principle, It had 
been found that when either sodium or potassium was 
contained In the salt heated, the carrier* of positive 
electricity were nearly always atoms of one or other 
of these metals. Indeed, Prof. Rlcfaardaou had gone 
so far as to maintain that atoms of alkaline metals 
were the carriers In all cnees, whether the salt* were 
or were not auppoeed to contain aodlnm, the alkali 
being present. In fact, aa an Imparity. 

The speaker bed hlmseir made experiments no the 
nature of the carriers produced when platinum was 
heated, and found for them, In this case, an atomic 
weight of 36, which Btted In very wtil with the eap- 


iKwition that tho carrier* were molecules of carbon 
monoxide. He believed that In the majority of casta 
It was the gases absorbed on the surface of the bodies 
under Investigation which provided the carrier*, and OO 
waa always given off when metal* were heated In 
vacuum, end hla own experiment* mpported the view 
that In *uch cases the carrier* were molecules of this 
gas. If the carrleri were sodium stoma, the atomic 
weight found should have been 28 Instead of the 20 
actually observed. Nevertheless, In caaas In which the 
salts under Investigation actually did contain sodium, 
nichnrdaon bad got very abundant electrification, show¬ 
ing that sodium and potassium were very well adapted 
to serve aa carriers of poaltlve electricity, but the lec¬ 
turer could not accept tlie view that the carriers were 
In nil cases atoms of three metals. 

Hr would next consider cases In which the electrifi¬ 
cation arose from the vapor of the salt, and could be 
detected even If thla vapor were sucked off Into another 
vessel, and tested there. Thla phenomenon had been 
H|icelally studied hy Hcbmldt and Kalandyk, the Utter 
working In thn Cavendish laboratory. The vapor* ex¬ 
amined were those of cadmium Iodide, a Inc iodide, and 
sine bromide; these vaisirs showed a high conductivity, 
and there must therefore have been a separation of the 
ixadtlve nnd negative charges In the molecule. By de¬ 
termining the way lu which tbla conductivity varied 
with the temperature, It waa possible to calculate the 
work required to separate the charges, and In this way 
Kalandyk had found for cadmium Iodide the value 1.711 
volfs, which. It would be seen, was very much lees than 
the IS volts required to Ionise mercury vapor. This was 
nn Interesting Instance of Ionisation being effected with 
n very smnll expenditure of energy, and apparently 
till* tonlxattnn of the vapor of this salt might be con¬ 
sidered lo be a genuine lonlaatlon of a gas, effected 
with an energy expenditure of leea than B volts. There 
was, however, one suspicion* point In the matter—vl*., 
that the lonlaatlon waa greatly Increased If a little 
water vapor were present There were other cases 
In which the presence of water vapor had a marked 
effect on the production of electricity. Thu*, If sul¬ 
phate of quinine were heated to about 180 deg., and 
allowed to cool, It gave out electricity, If the cooling 
took place In such conditions that water vapor could be 
absorbed, bat none If water vapor were excluded from 
the cooling aalt In all these phenomena we found 
throughout the enormous Influence exerted by the pres¬ 
ence of difference substance*. When the greatest pre¬ 
en nitons were taken to purify the bodies under lnvretl- 
gntlnn It was found that In many cases the effect dimin¬ 
ished lo a more fraction of Its original valuo. Tor ex¬ 
ample, tlie purer aluminium phosphate was the leas was 
the electricity produced on heetlng It. Again, Prlng 
nnd Parker luid found that hy taking extraordinary 
rare to get rid of the gasea occluded by carbon, tho 
lonlxatlon produced by boat waa diminished to less than 
one millionth of Ita original value. 

All through these observations tbe Importance of mix¬ 
tures was, in fact very evident and In all them canes 
wc were perhaps In the presence of the oldest type of 
lonlxatlon known—via., the electrification produced by 
friction of dissimilar bodies. Thla was tbe original 
method of producing electricity, and as yet but little 
definite waa known about It 

The hypothesis which for tbe present fitted In best 
with the facts observed was that when two different 
molecule* came anffldenUy close to each other, there 
waa a tendency for negative electricity to pare front 
one to the other. In general, however, raffldent energy 
waa not available to separate tbe poaltlve and negative 
charge* from each other to any appreciable extant; but 
the bond between tbe two had, as it were, been cracked, 
and the operation could then be completed by brute 
force, applied either mechanically or by beat treatment 
Volta waa not able to show the electricity produced 
by contact of copper and tine, but ou patting them apart 
again—an operation requiring the expenditure of work 
—the effect produced was large enough to affect even 
hi* comparatively i Moral tire I n str um e n ts. Ou thla 
view, the putting of two different molecules together 
served as a delicate tod coped* of starting the fotot 
between tbe charges, putting them into a atotd to which 
tbe reparation could be completed by “unskilled labor" 
to tbe ibipe of friction or beat This viewpoint arade 


examination. Thai tbe hydrogen occluded to Charcoal 
craning I a to contact with the molecule* of oaffcoo pro¬ 
duced a difference of electrical condition, and then a 
supply of beat furnlabed the energy nnnsaaary to tap¬ 
ir* te tbs positive and nagative charges to an appradp 
able extant. 

Having considered so far what different agent* pro¬ 
duced ionisation, the lecturer aald be would next dto- 
cuss a care to which electrification waa observed, but 
of which the origin was most obscure. Ordinarily air 
wa* regarded as devoid of conductivity, being a typical 
insulator, Nevertbetaaa, very delicate experiment* bad 
shown that ordinary air did pcanes* a certain amount 
of electricity, though not very much. To demonstrate 
tbi* the lecturer tucked a large quantity of air through 
a tube, along tbe center of which waa a wire connected 
to an electroscope, the wall being earthed. On setting 
tbe pomp to work, tbe electroscope showed a very slight 
lint continuous loss of charge, which atopped on stop¬ 
ping the pump. Tbe conductivity which caused thla 
lorn of charge was, tbs lecturer said, to part due to the 
presence of radium or it* emanation, which, to fact, 
was responsible for about half the conductivity found 
In the air of an ordinary room. If, however, the con¬ 
ductivity was measured of the air lnalde a box with 
very thick walla of lead, tins screening out any action 
of radium, some conductivity waa still to be otawrved. 
Similarly, If tbe state of the air was measured to mid- 
ocean, near the center of a f roe ea lake, or to othar 
places where tbe effects of radium were excluded, this 
residual conductivity waa always percaptibla. Meas¬ 
urement* made nearly all over the world showed, more¬ 
over, that thla residual conductivity waa much the 
same everywhere, from Canada to near tbe Booth Foie. 
In amount It corresponded to the production of four 
Iona per second per cable centimeter of air. This might 
seem so small aa to be rtdlcnlou*, and. to fact, the year - * 
Mrth-rete of Ion* against the molecules of sir wa* lea* 
than one In a million, but this residual ooodactivity 
was. nevertheless, one of the most Interesting probtanre 
how under consideration. 

These four Ion* per cubic centimeter per second were 
produced whatever the region of tbe globe to which 
the experiment was made, and whatever ths material 
of which the box waa constructed, and this occurred 
with the walla ao thick that no radiation of which we 
had as yet any expertenea oould penetrate from the 
outside, now there Ions were produced waa tbe prob¬ 
lem. It might be thought that they were canoed by 
molecular ooUbdona, since by the kinetic theory of 
gases particular'-particle* might poaneas on abnormal 
energy, sufficient, perhaps, to liberate electricity on 
colliding. On thla hypothesis, however, the rate of 
lonlaatlon should Increase very rapidly with a rise of 
temperature, bat apparently temperature chancre had 
no appreciable effect. Throughout a range extending 
from 0 deg. Cent to 180 deg. Cent, the number of lone 
produced was practically constant, whereas did they 
originate to a bombardment by exceptionally quick 
molecules, tbe rate of lonlxatlon should have been tar 
more at 180 deg. Ont than at 0 dag. dent 

What the explanation might be wa* a matter of ab¬ 
sorbing Internet The conductivity could not be due to 
a special radiation from tbe walls of tbe ves s el , a* tbe 
Inns were produced at the same rate per cubic centi¬ 
meter whatever the stoe of the reari, although to —n 
vessels the ratio of well ana to cubic content was gnat- 
er than It waa In large vessels. At ptreeut, Indeed, the 
whole matter waa a mystery. Perhaps tit* gas itreif 
gave out something Ilka Bfiatgen radiation, which was 
nnt^afhetsd by temperature ehangae, or peretbly it 

with the air to vary small quantities, whih could be 
loniaqd at ordinary temperatures. At present, bowrrar, 
we bad no light on tha etwee of three four law per 
cubic centimeter par sternal, which waft gscreatsd tor 
ordinary air, after SB,external tafiuawres were iitr.anid 
oat It would, the lecturer said, be very tatatretiw to 
try bow thfc reddest conductivity varied wttb the 
nature of (ha gas, bat ao fiat aa he lag# no experiment* ' 
had yetb*eaae*««Nebred. \ ' - 

la town air, or to ether iWto'wtato than w.»»*c* 

daat the hma pcodoead wtt* boafly’atobtod'.Vfcf * 
dost, and the Heattirity waa bteh* trEtowA' 
Hdte, and not by to* ^al.relm. SSLu- 
Petto Lanaarb toto'ttitoitoSWlMf 
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w*» ooropgrotlTriy few float putkdaa, the electricity 
«W esb*fe M rabOe, 6«Ss» carried by molecule*. A 
peculiarity found fey Lugeria «u that there were no 
Iftw tatermediate In aim between molecule* end great, 
beery tfetase like data pertlcJi*. Under a field of 1 volt 
per centimeter “molecular" lone would more at the mte 
of 1 eentlinetcr per aacond, while the “duet" lone In the 
ean^fidd would only more at the rate of 1/1,000 mil II- 
meter per eecond. Innyarln had need a very Ingenious 
method of determlniiif the type of particle present. 
Peering a atream of air through a tube across which an 
electric field was eateMIshed, the particles were im¬ 
pelled toward the wall. With a certain strength of 
Held all (he particles of a particular stao within a' given 
distance from die wall would be drawn down and cap¬ 
tured before they escaped from the tube. By Increasing 
the field, the Bdcknem of the layer from which the 



-S 
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whole of the Iona were removed would be Increased, 
mui, finally, a certain stage would be reached at which 
all the ions of that kind contained In the flowing 
stream would be removed, lip to this stage, assuming 
one kind of Ion only to be present, the number captured 


would bo proportional to the electric force, so that a 
graph between this force and the numlier of Ions cap- 
lured would have the form Indicated In the annexed 
diagram by the ARC. At the point R tbc whole of the 
Ions would hnve been token out, and no fnrther Increase 
In the electric force would raise the number captured. 
There would thus bo ii sharp kink nt the imlnt R. If 
the Ions hnd been of n more slowly moving kind, a flat¬ 
ter curve, such ns represented by A (t II, would be ob¬ 
tained. tbc kink at U denoting the point nt which all 
these hcnvler Ions hnd been captured If, however, both 
kinds of Ions were present In the ulr. the combined 
curve, having the two kinks IJ. would he obtained. 
Kaeli kink. III fact, denoted the existence of a different 
kind of Ion, nml latngevln'M curve roiilnlm-il two kinds 
only, showing that only two Ljih-h of Ions were present, 
one being gaseous molecules, the other |mrllcles of ilust 
(To tin continued,) 


How Much Albumen is Needed in Our Diet?* 


Interesting Results of Some Extended Experiments 


l*Sov. Max Russes asserts that the quantity of albu¬ 
men required to keep the human orgnnlsm In balance 
varies with the character of tho diet, because tho albu- 
mena of fooda differ In nutritive value, so greatly that 
a man requires 81 grammes of the albumen of bread 
for his dally needa, which are satisfied by 25 grammes 
of the flb»u"cn of meat. This statement Is lamed on 
experiments In which men were foil on breed alwie for 
three days. The minimum dully low of nitrogen In the 
urine was 18 grammes, the qnsiitlly contained In B1 
grammes of albumen. Flenco Rnbner concludes that 81 
grammes of albumen muat be nsidnillntcrt dully; 81 
grammes of digestible albumen correspond to 00 or 100 
grammes of total albumen. The minimum ration, how¬ 
ever. should be somowhat exceeded In a standard diet, 
and ao Rnbner approves Volt’s old daily allowance of 
118 grammes of albumen. 

The statement that 81 grammes of albumen dally are 
required In a diet of bread alone hns lieconio a corner¬ 
stone of dietetic doctrine. As my earlier experiments 
with this diet had shown that tho dally elimination of 
nitrogen could fall much below 18 grammes. 1 decided 
to Investigate tho question thoroughly. For thlH pur¬ 
pose two strong young men, 27 and 22 jeers eld. were 
fed almost exclusively on bread, or on breed end fruit, 
for six months, from January to July. 1913. The ex¬ 
periment was divided Into periods of about twelve days 
each. It began with three periods nf a pure bread diet. 
In the tint period tho mean dally excretion of nitrogen 
was 8.0 grammes, the amount decreasing from 11.8 
grammM on the first day to 8.8 grammes on the twelfth 
(toy. Tho mean daily intake of nitrogen In the food 
wna only 0.0 grammes, sq there was n moan dally loss 
of 0 l8 gramme. In the second period the mean dally 
excretion was 7.9 grammes and tho lnlnUc 8.1 grammes, 
showing a gain of 0.5 gramme, in the third period tho 
excretion was 7.8 gramme*, tho Intake 7.4 grammes, the 
gain 0.1 gramme; 7.4 grammes of nitrogen correspond 
to 46 grammes of digestible albumen, n quantity vory 
rnneb smaller than Rnbner’a 81 grammes. 

In a research of this character a three days' test U 
utterly worthless, because It takes the organism front 
alx to twelve days to come Into equilibrium with s new 


albumen ration 

The equilibrium was maintained, even when the albu¬ 
men In the pure brand diet had been reduced to 4(1 
grammeu daily. I could net reduce It further, although 
I used rye vary poor In albumen, coarsely ground and 
unbolted, ao that about 40 per cent of Its nlbnmen was 
lont In the fecea. The experiments, however, proved tho 
practically Important fact that a pure breed diet suffi¬ 
cient for general nutrition supplies enough albumen to 
cover the dally outgo. 

ThtoMcany. It would be Interesting to Investigate 
the possibility of maintaining equilibrium with s still 
smaller quantity of albumen. In some old experiments 




to subject could 

aetltfecY tout period. In other experiments sugar, 
starch gfifi fat prepared in various ways, were used, 
huff, m.'m produced naneea, heartburn, gastric pains, 
aad Oarvham. Nobody appears to have thought of the 
rimpta expedient of adding frutt to a breed diet. At raw- 
* i ‘— Lm other fruits contain little albumen 
ibiesKraiaon, and they can be eaten 
•A T*r$ pa Ip table dish can be made 
-,guitar, i found that a dirt of 
Ifltgeetive fctonblea. A typical 
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eaeh of sugar, starch, and margarine. This ration con- 
tHlnod 8.4 grammes of nitrogen, of which only 3.5 
grammes were assimilated, the remainder being ex¬ 
creted by the bowels. But still the body gained nitrogen 
slightly, for only 8.4 grammes appeared In the urine: 
3.5 grammes of nitrogen corrosimnd to 22 grammes of 
albumen. This Is Utile more than one quarter of Buh¬ 
ner's minimum (81 grammes) and Is even less than his 
minimum allowance of meat albumen (25 grammes). 
Similar results were obtained In several oxperimontnl 
IN'riods. The albumen of bread, therefore, Is equal to 
the albumen of moot In nutritive valuo. 

In earlier experiments. In which two subjects lived 
for a whole year antirely on potatoes and margnrinr, 1 
found the minimum dally ration of albumen to bo 20 
lo 25 grammes. This result also Indicates Ihnt vege¬ 
table albumen la oqnal to animal albumen In nutritive 
value. 

It may ho asked whether my subjects remained 
healthy and vigorous on these diets. Rnbner asserts 
that deprivation nf albumen produces sluggishness, 
weakness, and nnwlllliigness to work. If R1 grammes 
of albumen dally are required to maintain mnsoulsr 
strength, my subjects hnd good reason for weakness. 
In 192 days ono of them received only 5,297 grammes 
of digestible nlbnmen. lindcnd of tho 18,122 grammes 
corresponding to tho dnlly minimum of 81 grammes. Ilo 
should, therefore, have Inst 8 kilogrammes nf albumen, 
corresponding to 4fl kilogrammes, or 88 pontiffs, of 
mnacle. 

This Is more muscle than he possessed nt the slnrt 
and. as loss of any considerable proportion of the mus- 
mlsr weight ta fhlal. he should. theoretically, hnve died 
several time* In the course nf the experiment. This 
man, Frederik Madsen, hss now lived for twelve yenrs 
on a vegetable diet exceedingly poor In alhumen. Dur¬ 
ing the last eight yenrs he hns scarcely tasted milk or 
rags, which mnny vegolarlnns consume In large quan¬ 
tities, and has very seldom eslen beans or pens. For n 
whole year he lived nn margarine and potatoes, which 
usually contained only half nf tho normal percentage of 
albumen. In tho following year he giihmllted to tho alx 
montha’ lest described altove. On Sundays and holi¬ 
days, when he Is not employed In my laboratory In 
Copenhagen, he works as a gardener, partly In order to 
earn money, partly for the soke nf exercise. Tils espar¬ 
ity for work Is so remnrknhle and so well known Hint 
he easily finds employment at high wages. Dnrlug the 
spring of 1013, In the course of the sir months' test, 
ho worked In this wny at a villa several miles from the 
city, going and returning on hlR tricycle, and working 
from one hour after sunrise nntll dnrkuess compelled 
him tn stop, without tasting food, (As a rule he neirr 
rots dnring working hours, except at m.v request, and 
he has never been Induced to drink anything lint 
water,) Ills employer tesltdes that wnrk seemed piny 
to him, and that he necnnipllshed nn astonishing amount 
of It, with never-fUltng cheerfnlnoss and good humor. 

In order to trot tho powers of the other and younger 
subject l allowed him. after the exnerlments were fin¬ 
ished, to take part In n "Marathon" race of 292 mtlo*. 
although, na be waa entirely untrained. T did not expect 
him to complete the course within the time limit nf 102 
hours. Tie did so, however, In 99 hours. 

A diet poor in albumen appears tn Increase endur¬ 
ance. I have never beard of n great inrol enter winning 
a long-distance race. 

It cannot be denied that meat "tastes good" io most 
perrons, or that It stimulates metabolism, accelerate* 
oxidation, and thus produces a temporary feel Inti of 
warmth and oonfort Rut the organs seem unable to 
aodura this rtartfeticc for long period*. Tho mortality 


from diseases of the liver, kidneys, and bowels la three 
or four times greater among well-to-do city dwellers 
tint n among pennants living chiefly on bread, potatoes, 
and fat. The Eskimos, who eat large quantities of 
ment, seldom attnln the age of 90 years, and tbr mor¬ 
tality between the ages of ISO and 55 Is four times 
greater In Oreenland than In Denmark. 

I am not n strict vegetarian, but I eat very little 
meat My experiments have proved that health and 
strength can be maintained nn a diet of whole grain 
bread, fat. potatoes nnd fruit, and experience has 
proved the saini- thing a thousand times. This fact 
possesses great Interest in these times nf threatened 
scarcity of food. Army radons are sometimes umoitls- 
fnelory because they sre too complex. The Arabs llvo 
on brrad and bananas and exhibit nn endurance that 
lb* French and Italians find difficult to overcome. The 
dally ration of the Sikhs of India, reputed to be the 
heat aoldlera in the world, consists of about one pint of 
milk, 25 ounces of meal. 2 ounero nf bntter. 4 ounces of 
beans, and 5)4 ounces of potatoes. They rot meat only 
two or throe times a month. 

Measurements of Radium 

Is the recently issued circular of the Rurenu of 
Standards on fees for various teats nnd Investigations 
the following Information In regard to nullum ts given. 

As recommended by tho International Commission 
on Hndlttm Standards, nil determinations of tho radium 
content of bermpttrnlly sealed sisvlmons are based upon 
n comparison of the isuiol rating gamma radiation of 
the specimens with thnt of the standard. 

This penetrating radiation proceeds not from radium 
Itself, but from nnitam—<1, mte of the disintegration 
prodnets or radium. Consequently. If the products of 
disintegration sre entirely removed when the salt is 
sealed, there will ut first be no |B'urtmtlug radiation 
whatever: n measurement will give no Indication of 
Hie presenee of Btty radium In the specimen. Owing 
to the eontlmuil disintegration of the radium atom, the 
nnsliiets of disintegration will nt once begin to accumu¬ 
late nnd nt the end of four days radium—O nnd conse¬ 
quently Its penetrating radiation will hnvr reached 
ulsiut one half of Its equilibrium vnlne: anil at the end 
of a month It will ls> within a half or n per cent of 
Its equilibrium mine. After equilibrium Is ronchcd the 
iiinoinit of radium -0 In the specimen remains eonslnnt: 
or. rather, to lie exact, tt dec refutes nt the same rate ns 
nullum disintegrates, namely, about ono half tn 2.00(1 

On the other hand. If only radium emanation (a 
gaseous disintegration product of radium 1 Is sealed 
in n lithe, the nnumnt or radium - 0 which Is In eqnl 
librium with the nmnnnt of emnnnlltiii will he formed 
til i it oh t Iniiiiisllately. nnd sit observation will sbow the 
presence of mi Intensity of the [tonefratlng radiation 
which Is equal to thnt emitted by n tills- which conlnlns 
n certnln amount of nullum nml which hns hccu sealed 
for over n month. That Is. n tills- containing an nullum 
may give a penetrating mdlnllnn equal to thnt given hv 
a I ulic containing radium. 

If the tube containing only radium einiiiiiitlnn and Its 
disintegration products Is observed ngiiln fonr days 
Inter, its penetrating radiation will Is- found to he nnlv 
one hair of what It wns before: after n mouth the radia¬ 
tion will hare practically disappeared. 

Tims, It is evident that no conclusion na to the 
amount of radium In a tube ran Is- drawn from niens- 
nrements made upon a single dny. The actual amount 
of radium may be either greater or less thnn that Indi¬ 
cated by the observed Intensity of the |s-nelrating radln- 
tlon. 




Aerottehaic Institute of Saint-Cyr, view of first platfora equipped for a trial 


European Aeronautical Laboratories—I* 

Their Organization, Equipment and Methods of Investigation 

By A. F. Zahm, Ph.D. 


Dounu August and September, 1913, in company 
with Jerome C. Hmuaker, Assistant Naval Constructor, 
U. H. N., I visited the principal aeronautical laboratories 
near London. Parie, and UMtingcn, to etudy, in the in- 
toroat of the Hmithiionian Institution. “the latent develop¬ 
ment* in instruments, method*, and rosoiuww u*ed and 
contemplated for the prosecution of scientific aoronau- 
tinal iniostigatioii*.” 

Those establishments resemble each otlier in Home im¬ 
port lint featiinn, lull differ in ollierH. Ail uiv devote 1 
to IhiUi ueodrliue and engineering iii\ Mitigations. All 
an. three led by highly trained scientific and teehnioal 
men. The directors ure not men«ly executives; tliey are 
the teehnioal iieaiU -scieutists or cngiuM-rx specifically 
qualified by su]>ennr training in aeninaulieai engineering 
and iu Immediately eoguatc branches -who initiate the 
nwcarehes, and assert their teehnioal staffs in donning 
apparatus interpreting results, and making syslomaliu 
reports. 

The utablisluiunits differ in their organisation, re- 
soumes, and equipments. and, to a considerable extent, 
in tlie acopo and nliaraeu<r of their Investigation*. Of 
the five institutions mentioned, the one in England and 
tile one at (UHtingen are now *upported largely by 
governmental apprupnation*; and the other three are 
maintained by private capital, allotted a* required, or 
accruing from fee* or endowment fund*. Again, the 
UlHiraloricH near lamdun, at St. Cyr. and at Adleniliol 
are prartloally unlimited in tho noope of their researnhes, 
while Eiffel's and tile (UHtingen laboratory haveconfined 
their aetivitie* sulwtantially to wind-tunnel oxperimont*. 

The neronauheal retearrl ie« nj the Brtiitk government 
are in charge of the British Advisory Committee for 
Aomnautie*, a self-governing civilian organisation which 
was appointed hy the I Time Minister of England to work 
out theoretical and experimental problem* In aeronautic* 
for the army and navy, and comprise* twelve to fourteen 
expert men, under the presidency of Lord Rayleigh. 
Thi* committee initiate* and directa investigation* and 
tret* at the Royal Air Craft Factory, at the National 
Physical Laboratory, at the Meteorological Office, at 
Vicker* Son* * Maxim’s, etc. It expends, in per- 
forming it* regular functions, a sum exceeding the in¬ 
come of any private aeronautical laboratory, and re¬ 
ceived directly from the government treasury. 

Tho committee Is primarily occupied with work for 
the government, but also performs researches and tests 
for private individual*, for suitable fees, but without 
guaranteeing secrecy as to the results. The work of the 
eiuiiinitten is manifold and comprehensive. Whlrllng- 
tablc measurements, wind-tunnel measurements, tasting 
of engines, propellers, woods, metals, fabrics, varnishes, 
hydnimeolianic studies, meteorological observations, ma¬ 
thematical investigations fet fluid dynamics, the theory 
of gyroscopes, aeroplane and dirigible design—whatever 
studies will promote the art of air craft construction and 
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navigation may bo prosecuted by this ouuunlUeo. A 
dotailed programme and the results of actual investiga¬ 
tion* have been published in the annual report of this 
committee. 

M. Kiffel has paid from his personal fortune all the 
expenses of his plant and elaborate researches, though 
it » understood that he may sometimes charge nominal 
fees for investigations made for private individuals who 
wish oxolusivn rights to the data and result* obtained. 
The general director of the laboratory 1s Eiffel himself— 
wlio initiate* the researches and publishes the results. 
He ha* In immediate charge two able engineers, MM. 
Kith and lstprcMli., aided hy three trained observers wlio 
are skilled draughtsmen. Two mechanics and one 
janitor complete the personnel. The work of ths labora¬ 
tory is all indoors, and is confined to neearches in aero¬ 
dynamics alone, or more specifically to wind-tunnel 
imwsurement* and reports thereon. 

The inslHute of 31. Cyr wa» founded by Dcutwh de la 
Mourth, who gnve 9100,000 fur the original plant and 
has provided 93,000 per year, during his life, for main¬ 
tenance. It was presented by him to the University 
of l’ans, and is now under the general direction of the 
professor of physics, M. Mauraln, aided by a technical 
staff and a large advisory council of eminent engineers, 
scientists and uffloen of the university, o(Boors of the 
French government and members of various clubs and 
aeronautical organisations The staff oomprisos the 
direotor in charge and his assistant, together with suoh 
students, two or throe at a time, as may oome as tem¬ 
porary volunteers from tho University of Paris. 

The institute conducts large-scale experiments in the 
open fields as well as indoor researches, makes investiga¬ 
tions for general publication or for private intcrosU, 
on payment'of suitable fees, and permits private persons 
to conduct researches in the laboratory. Ths scope of 
the work is practically unlimited, as is the case in the 
English aeronautical laboratories, A special feature of 
tho institute is its three-quarter mile long track with 
dec trie cars for testa on large screws, large models and 
full-died aeroplanes. 

The Gottingen aerodynamical laboratory was begun as a 
private enterprise, but Is now to be enlarged and main¬ 
tained In part by financial aid of the Kaiser Foundation, 
Ths original building, with its wind-tunnel, eras erected 
in 1008 after the plans of Its director, Prof. Prandtl, of 
the University of Gottingen, at a cost of 30,000 marks. 

SNOLISB AMBONAUTICAL LABOBATUBISS. 

Aeronautical laboratories used by the Britieh govern¬ 
ment.—Ol the various aero technical plants supervised or 
used by the British Advisory Committee for Aeronautics, 


ship of Dr. R. T. Qlasefarook, F.R.S., chairman of the 
Advisory Committee for Aeronautics; its engineering 
department is directed by Dr. T. E. Stanton; and the 
subdivision of this assigned to aeronautic investigation Is 
In general charge of Mr. L. Bairs tow. 

The part of the National Physical Laboratory devoted 
exclusively to aeronautics comprises the whirihw-table 
house, the large wind-tunnel house and the small wind- 
tunnel house with its liberal spaoe for minor apparatus. 
The part* available for aeronautics, but not exclusively 
devoted thereto, sre the general grounds, the large marine 
model tank, the ample chops for wood and metal working 
the Store rooms, the offices and library, the heatiiy and 
lighting system, etc. 

The whirling-table home, a separate building, Is a cor- 
rugated iron shed some 80 feet square, having an earth 
floor, and at its center a motor driven vertical shaft 
whioh supports a trusted horizontal arm and eauasa it 
to whirl at any desired speed, Its out* extremity describ¬ 
ing a circle about 00 feet In diameter, and carrying In 
steady flight any model that has to be tested. The moat 
Important use of this whirling table hitherto made seems 
to have been to prove what was demonstrated and pub¬ 
lished in America by myself about one decade previously, 
vis., that a suitably designed pressure-tube anemometer 
is competent to measure the velocity of a uniform air 
current accurately to one per cent, or leas, 1 and needs no 
calibration when it* readings are Interpreted In accord¬ 
ance with Bernoulli’s theorem. The whirling arm has 
also boon used to test model screw propellers, but is not 
neoessary for this work, and is much leas oonvenient for 
the purpose than the wind-tunnel, as used by Eiffel, for 
example. 

The large wind-tunnel konst, a wing of the engim&ng 
laboratory, is a oonorete structure 100 foot long, 40 
wide and 80 high, having a wooden horisontal wind- 
tunnel placed equidistant from the tide walls, and mid¬ 
way between floor and ceiling, and supported between 

The large tunnel Is acme 80 fisbt long and 7 feet square 
in cross-section from Its mouth to Its middle; It expands 
oontidwably through the rest of Its Bngth. lUUrgssex- 
tremlty^usjrtlrat « and,MO of tha room, ?<■ , £ ha 

scre^Mtnsted by*^*^tp^rm 
designed to give a current of 00 feet a seoood in ths fore 
part of the tunnel. The screw sueks the air of the tins nil 
room through tbs mouth of the tunas!, whioh Is SDmawbat 
ferine, thence through a metal honqmomb, into the 
experimental part at ths tunnel when tha models an 


we visited the <ae at the National Physical Laboratory, placed for study. These* the air flows tato the expanded 
at Teddington, tad the one at the Royal Air Craft half of the tunal paminc first through ths uw tin 
Factory, at Fern borough; but not the m e te orological Laterally outward tfcrofnrh •nrniiimsMi V-Whi the tun- 

atetions, nor the plant* of private ooaeeraa working fur ~i —n »i-rfirnnhtkin «Vtb 1> ths un 

tha oommittee, such ss Vleksrs Sons A Maxim. obstructed room till It tairwaa uU* 

The Hetiveal PkyeM Uharaiery, which eorreaponda T k. _^ ' 

to thoU. S. Bureau of Btandreds, Is under thsdlrustor- m ***—«"»»«*"***> 




it the opposite end. The air i 


ity at sll parte of a aeotion, at laaat to a fraction of one 
per cent. If doe care be taken. The expanded and per¬ 
forated part of the tunnel is said to be the final outcome 
of long montha of trial and study by the technical staff, 
and has enabled them to produce the steadiest aerody¬ 
namic current in the world; thus removing one of the 
greatest difficulties In the accurate determination of the 
flow and pressure of air about wind models. The current 
velocity is reported to be uniform to one half per oent 
both In time and space. 

The complete structure of the tunnel need not he de¬ 
lineated here, as it may be had better from the general 
plana and detailed working drawings whloh the director 
of the laboratory has kindly offered to furnish the Smith¬ 
sonian Institution. It may be explained, however, that 
it within the flaring mouth of the 


deprived of eddlea. It may also bo observed that a glass 
door is placed on the side of the tunnel, through which 
one may take observations, or enter to adjust the models 
to be tea ted. 

The east of the 7-foot wind-tunnel is given as about 
>3,000, end of its wind balance about 13,000. This, 
with an expsndltura of 112,900 for the building, makes a 
total of lie,900 for the plant. 

TJU setoetiy of the air flow in the unchecked current, 
near the model held Inside the tunnel, is oomputed from 


so produoed la. tween the room and chamber, V the speed 1 of inrush, 
and a the nearly oonstant density. The method has since 
been adopted at Eiffel's laboratory and at the National 
Physical Laboratory. 1 This for the speed of flow; the 
direction may be shown by fine silk threads moored in 
the current, or by floating particles, fine streams of smoke, 
etc. In passing it may be mentioned that the direction 
of flow in the unchecked oorrent is parallel to the tunnel 
wills truly to a fraction of one degree. 



outalde of the tunnel wall. The accuracy of this method 
was experimentally proved by me in 1902 at the request 
of the Navy Department, and, together with a matho- 
waa set forth in the Phyeical Semisw the 


at low press u re is, for ordinary transportation speeds, 
given tr uly to a fraction of one per oent by the formula 
V- p,-p being the pressure difference be- 


Hrsndtl’s henry comb In wind tunnel. 

The pressure difference in question is found by eon- 

• More strictly speaking, V Is the incresss at velocity at the eh 
es H nowe from the room Into the tunnel: bat ss the sir starts 
Iran near rat, tho Increase at velocity Is mctfcelly the whale 
velocity ol Inflow. A considerable error may resue If Vbs talum 
as the true speed ol Inflow for the case of a tunnel at goodly eeo- 
tlon ss compared with that of the room. Thu* for the new Eng¬ 
lish tunnel the creeaweetiau Is 7 X 7 fees In a room whom eection 
Is 30 x 40 fees. Renos tbs avmaga speed of flow through the room 
Is 4 per oent of the speed through the tunneL Rnsoe eo m et htn g 


• At the Rational Physical U 

and outside the tunnel wxD Is oorwterl b> use of a i 
Lkn (xxulanfa obtained b j placing k 1*1 Lot lube la it 


mteting the Interior of the tunnel wall by means of ex¬ 
ternal nipple and hose to one branch of a U tube mano¬ 
meter whose other branch opens into the quiet air of the 
room; then observing the dlfferenoe of level of the liquid 
In the two arms. Manometers are made in many forms, 
according to the accuracy desired. The English one, 
known as the "Cbattook tilting gaug e," made publ io in 
1903, measures barometric: premure differences truly to 
one lire hundred thousandth of an atmosphere. My 
gauge, made in 1902 on a different principle, was gradu¬ 
ated to millionths of an atmosphere and for the most 
accurate measurements of statin pressure differences was 
always read to tenths of a graduation. At Eiffel's 
laboratory, and at various other places, a leas accurate, 
hut somewhat similar, manometer gauge is used. It 
consists merely id an Inolinod alcohol tube suitably 
mounted Inside a graduated scale. The bitter instru¬ 
ment, a long known typo of gauge, !« 


lUor 

forenoe between some standard pressure and the actual 
pressure at various points on the surface of a model, or 
elsewhere. Thus one arm of the U tube may be con¬ 
nected with the internal surface of tho tunnel while the 
oilier arm is oonneoted successively to various points on 
the surface of a model. The dlfferenoe between the 
standard wall pressure and that at each point of the 
model surface may then be plotted, giving a diagram of 
surfaoe pressure distribution all over tho modeL 

The wind balance. —Besides the pressure distribution 
and resultant pressure on models, it Is desirable to de¬ 
termine also the total wind force, which is composed of 
both the pressure and the friction of tho air. To this 
end the English experimentalists use a bell-crank balance 
which is a modification of tho typo devisod and used in 
my laboratory, and now employed also by Eiffel for the 
aoourate measurement of small wind foroes. The Eng¬ 
lish balance consists of two horizontal weighing arms, 
parallel to the tunnel, tho other perpondloular, at- 
1 tube, or arm, supported at Its 
nmter on a conical pivot just beneath the tunnel floor. 
The vertical arm of the bell-crank balanoc has its upper 
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half extending through the tonne! Door up to the center 
of the ourrent and ii duly ihielded by a ttreant-Une 
Incasing (heath, while ite lower half extendi downward 
from the pivot and dip* into a pall of oil intended to damp 
tho oscillations, The upper half iupi>orUaUteoxtromlty 
the wind model and near the pivot ban a graduated joint, 
eo that it can be rotated about its own axis, and thus 
orient the model ea desired. Sliding weights on the two 
weighing arms are made to measure the components of 
wind foroe parallel to the How and perpendicular thereto. 
If tho wind form tends to rotate the balance about the 
vortical axis, this tendency, or wind moment on tho 
model. Is determined by observing what horizontal re¬ 
straining force must be appliod to one of tho horixnntal 
arms to prevent such turning. Thus tho balance may 
be used to measure lift, drift and center of pressure. 
There are numorous ingenious and important details, 
such aa theme for studying stability coefficients, whloh 

can best be obtained from tho British Aeronautical Com¬ 
mittee's technical report for 1013, or from the working 
drawings which the laboratory has furnished the Smith¬ 
sonian Institution. Though this aerodynamic balance 
is accurate and moderately convenient, I am of the 
opinion that sovoral new types oan bo dovisud which 
shall be equally precise and probably more expeditious, 
requiring ices adjustment at each change of model. Sueh 
new typos I have liad in contemplation since Ant de¬ 
vising the beli-erank aerodynamic balance, in 1002. 

The tmall wind-tunnel house, a wing of the engineering 
building, is of structural iron and ooven rather more 
space than the room just described. Its chief apparatus 
is a 4-foot wind channel for testing small models. Other 
apparatus in this room are an engine testing plant, now 
dismantled; a bnrisnntal water channel, duncribed in tho 
Advinory Committee’s report for 1012-13; and a small 
vertical tubo down whloh tobacco smoko, formed ut its 
top, oan bo sucked by an up-draught in a parallel pipe 
beside it haring a burning gas jet in the bottom to main¬ 
tain a heated column, the purpose of tho descending air 
mingled with the smoke being to dolineate the flow about 
models immersed therein and visible through tho glass 
■idee of the tube. 

The small wind-tunnel is the working prototype of the 
7-foot tunnel already describod. Mads of one inch lum¬ 
ber, it measures soma 40 feet In length and is sup¬ 
ported more than fl feet above the floor by heavy angle 
iron trestle work whloh also forma the framing for tho 
wooden tunnel wall. The first half of tho tunnel mesa- 
urea 4 feet square; the second half, joined to It by an ex¬ 
panding motel oone, measure* 0 feet square, is thickly 
perforated with Inoh square holes In lU aide, and has iu 
farther end shutting against the brick wall of the room. 
In the expanding oone at mid-tunnel la a low-pitch four- 
blade wooden screw driven by a stool shaft proceeding 
from a 10-horee-power eleotrio motor on a wall bracket 
at the large closed end of the tunnel, and capable of 
maintaining an air current of 40 foot per second in the 


Moot tanarf. The ehuaeter of the th flow and ft* 
fnteremente need are preetiootiy th* name for tb* anal 
aa for the Urge tunnel, float C90400 was sxpeadid ia 
developing and constructing this naO tunnel and its 
appurtenance*. 

The email water ohanneL, soma 4 inches square la arosa- 
eeetion, has bean used to exhibit the stroam-Ha# flow 
about modal* of •hips’ hulk, aeroplane porta, inclined 
wing forma, etc. By photographing tha stream, duly 
dotted with day particle* of forrign matter, dear pto- 
tuna of tb* stream-Unes and addle* have been obtained. 
Than serve to show what forma are likely to encounter 
least resistance in moving through a fluid. But it eaa 
hardly be supposed that tha phenomena of flow about 
a model slightly submerged in a shallow stream of water 
ire identical with those for deep aubnwrgence in tha 
atmosphere, unless for very slow speeds. 

WinHovrt .—On tha ground to the wort of the Na¬ 
tional Physical laboratory buildings, two wind towers, 
each 60 feet high and provided with rotating platforms 
20 feet long, are used to determine the flow and pressure 
of free air about large-scale model*. Tbs first results 
of such determinations were published by Dr. Stanton 
In the proceedings of tbs Institution of Civil Engineers 
for 1007, and later studies may bo found in the reports 
of the Advisory Committee. The Smithsonian Insti¬ 
tution oan doubtlere obtain a like service from the three 
tall radio towers in ite neighborhood. 

The Royal Air Craft Factory, under the direction of 
Mr. Mervin O'Qorman, member of the Advisory Com¬ 
mittee. is adjacent to the headquarters and flying grounds 
of the Military Wing,* at South Farnborough, Its work 
is oo-anlinoted with the aeronautical reaearehea of the 
National Physical laboratory, and >■ professedly con¬ 
cerned with the scientific Improvement of air craft con¬ 
struction, though in reality directed at times to tha 
manufacture, on a Urge scale, of aeroplanes, propellers 
and parte of dirigibles. The factory construction and 
research are in charge of a civilian staff which oo-operatea 
with the Advisory Committee for Aoronautioa In per¬ 
forming aero technical work for tha naval and military 
branohes of the aerial service The clow co-ordination 
of the Air Craft Factory with the Flying Corps and with 
the Advisory Committee U an obvious advantage to the 
progTew of aerotechnics, which might be (till farther en¬ 
hanced if all toe experimental plants were In one locality 
aa proposed for the United State*. 

Apparently no very sharp Hue separates the aerutech¬ 
nical work of the Royal Air Craft Factory from that of 


Rngtaae h known as "Tha Royal Firing Corps,” sod la tmdsr 
sensnl saperrWoa of lbs Air OcnmlMse. Itself s nbaommlttes 
of tea OoaunlMss aa Imperial Dstma*. The Firing Corps eom- 
priasi at present four branches: The Central Flying School; tha 
Naval Wing: the Military Wing; tbs Reams. Tbs Advisory 

by the Prime Mlnktw. and nerivlag Its appropriation* dkeotly 
from the Lewd at tha Treasury. 


OsNationalBo*tenawkM- 
tag table) boah teraimterffcw ptaaaij feortt hare 
atedied L i t a terial i of arartreitfcm; bo* darignb- 
iWwmewte. But *te orariappta* b not aw waive. 
Broadly speaking, tb* laboratory i ara e ti g atoa medriei 
the faetory faBweato air eraft, parte and apportewnma, 
The faetory ln r e st j gatew, dovtiopas. manufactures, 
and teats air craft. It b a maarmntb plant, eoverfag 
many aena and oompririog half a doom laig* tafldtagm 
It h raid to contend half a mUUon doflarepar yaar and to 
employ 700 man, 400 of them working oa asropiaaa*. It 
haa facilities for pcodnotag dafly one oomplete artopiaa* 
excepting tha englna, which at meant ia bought else¬ 
where, Ite sir eraft are systematically tooted on the 
gnat flying Add nearby, bearing tartrameuta will* re¬ 
veal their complete working in pnetiaal manoorera. On* 
tutnnsHi iIdb^ fl rihd the “vipogfipk/* fwofda toflr 
teneooaly the aaglce of pit*, roil and yaw, tha spaed 
through air, the altitude, tha three control movmnmte 
and the dine. The strew in the wires, the propeller 
thrust end the prcce ur c distribution an the wfaige end 
other surf boos may likewise be reootded.* The eetab- 
Ikhmait doee in hot the work planned in the United 
States far both the field laboratory and tha sxpertmsatal 
air eraft faetory. Bui the Royal Air Craft Faetory laoke 
some of the farilltiw planned for oor plant, eo* at aa 
expanse of water for testing naval aeroplane* and the 
immediate aooeeeibfllty of allied laboratoriw, worinhopo 
*nd othof rajoirmta 

The result of the fuH-scale experimwte has been to 
dlsokne the defects of the leading types of aeroplanes, 
and to indicate means of betterment Substantial im¬ 
provement has been made In the efficiency, stability, 
faster of mfety and range of speed of the aeroplanes 
specially studied at the faetory. The final ootomne has 
been to produce a stable, effiotent aod wfs biplane having ' 
a range of speed of 40 to 80 mil** an hour. It Is expected 
shortly that a standard oontrol will bo adopted after the 
best type* have been given a comparative tort. The 
type at present moet in favor ia the Depardneeln control, 
which routes a wheel for warping, shoves It for sieve ting, 
and usee a foot lever for steering, flu* pnetiaal fufl- 
eoale work cannot be too • too ugly recommended for the 
Smithsonian Institution, especially If tha army and navy 
wfll, as already Intimated, furnish for suoh teste their 
typical air draft and their experienced pilots. 

Other Sefiith aeronautical laboratoriw worth mention¬ 
ing are thorn of the Northampton Polytechnic Institute, 
London, and of the Bait London College. For want of 
time I did not Investigate thaw; but ae thair reaourew 
are very moderate and their reports have bean irregular 
and meager. It ia doubtful whether they oontain any 
equipment materially worth adding to what has been 
hitherto described. 

(To be con W o oed.) 


A Vibration Electrometer* 

Th* telephone and the vibration galvanometer have 
long been used to detect very tram 11 alternating currents 
and voltages. Tho telcphouc Is very sensitive in tbo 
range of frequencies from (WO to 3,000 cycles, but haa 
the disadvantage of rcepondlug In harmonies aa well aa 
to the fundamoutal. Tho vibration galvanometer* are 
relatively luscnsltlvo to tho harmonics, aiul are much 
wore sensitive at the lower frequencies thuu la n tele¬ 
phone. 

Tho sensitiveness of an iustrument may be deflued in 
terms of the eoUapv whtrh mart lie applied to give unit 
deflection, or It may lie defined lu terms of the correal 
which will give unit deflection, lu order that cither a 
telephone or a vibration galvanometer shall be very aen- 
sltlre to an alternating current, it moat be constructed 
or very flue wire. A limit is soon reached In this direc¬ 
tion, due to tho difficulties lu making and handling very 
flue wire. A vibration electrometer will detect very 
much smaller altenuillng currents than either of the 
alaive Instruments. Such an Inrtrnmout haa already 
liven described by Hrelnacher,' although bis description 
did not aiqirnr until after the Instrument here do- 
scribed had been constructed. He adapted a Wolf olec- 
t remoter, using a transformer In connection with the 
Instrument 

The Instrument here described la a modifies tloo of a 
quadrant electrometer. Tho need for It sreae In con¬ 
nection with the measurements of very small capacities 
at low frequencies. By means of It cap* cl tire of the 
value of a thousandth of a microfarad have been meas¬ 
ured at flO cycle* with an accuracy about ten times 
greater than can bo obtained by any vibration gal¬ 
vanometer In this laboratory. For smaller capacities, 
the advantage la still greater. However, it Is tweful 
only when the impedance of tho bridge arms Is very 

•MIsM* o/StesWrW, No. ait. hy Homy L. Curtis. Amo- 


high, so that the current which flows through them is 
very smalt Also It cannot be used at freqtwnclea moeh 
above 100 cycle# ou account of the moment of Inertia of 
I ho vane. 

As the design in of such form as to make a mathe¬ 
matical treatment of Its behavior retber simple, the 
equations governing lla operation have been worked out 
In some detail 

The Instrument consists of four metal plates act ver¬ 
tically In pairs, the diagonally opposite plates being 
connected. Between these a light aluminium rang la 
xupported by means of a btfllar suspension. This van* 
la free to vibrate about a vertical axis. The plates 
correspond to the quadrants of a quadrant electromotor, 
while the vane corresponds to the needle. If an elec¬ 
trostatic charge la given to the vane, and an alternating 
electromotive force la applied to th* plates, the vane 
will bt forced to vibrate In the period of the applied 
electromotive force. If tho natural period of the sus¬ 
pended system Is identical with the period of the ap¬ 
plied electromotive force, then the amplitude of vibra¬ 
tion la largely increased. The natural period can be 
varied by changing the length of the blfllar stupnteon, 
by varying the distance between the snepenteooa, or by 
altering tb* tension on the suspensions. When In 
resonance, tha amplitude wlU depend upon the damping, 
and as air damping is a large part of the total damping, 
the whole Internment Is placed under a bell jar, from 
which the air can be exhausted. 

This Instrument la capable of detecting (Itemsting 
currents of low frequency having a value aa «m«n as 
10-* ampere. The conclusion* verified by axperteMDt 
are as follows: 

For any given adjustment of the Instrument, the fre¬ 
quency at which maximum deflection ts obtained to- 
peods upon tha potential of tbo vane. At the‘potential 
of the raue Is Increased, the frequency at wttek maxi¬ 
mum deflection Is obtained to dteMuad. 

When the voltage op the vgnfl fa Incre MO d, *o fleflow 


Uon for a given voltage on the plates lucres** mar* 
rapidly than tha first power of tho voltage. Tbo scud- 
tlvlty cannot bo increased Indefinitely In this way, siwra 
the frequency will become eero before the amieltlrnnem 
becomes Infinite, 

The deflection to Inversely proportional to tho damp¬ 
ing. It is shown experimentally that the damping dm 

As the damping to decreased, the nngaoHreqnaoctoe 
over which the Instrument can b* mad to greatly di¬ 
minished. Hence, It to not important to decrease the 
damping beyond a reasonable point. 

Upon closing the circuit or otherwise chang ing the 
current through tbo electrometer, .omqtlm* |* rsqnlred 
before tha amptttode of vibration becomes constant. 
This time will be Increased as the damping Is 
The power required to give unit deflection when tbo 
applied electromotive tore* to In reoooaaoa with ttto 
Instrument decreases In th* wm ratio to tho damping. 


Mcmorimg Tar from Gag 

Th* Prt>Uwn of removing sil traces of tar from the gas 
baa always promoted rertain dfBeuHta*, aid* tom eg. 
perimonto recently carried opt ft would term that aa 

iSod^kS^tottati** 

Industry far toe precipitation of lead and other fumw. 
Ag p ?* n J ooflotaoptod riootopda, from wktok hlgMw- A 


oart iron lnvarted U-tub*, ecortFuoto d trim ataadaiti 
8-inob pip* eoT*«ad on the outride with a; taafcatiagcftot, 

pm tyt ws . . mfc'w i teg igSEg'; 


tight gaa pip*. Ffae dtaktip wtre* ai, li'ittiil jjjhffi ' 
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The Telephotographic Apparatus of Georges Rignoux 

Experiments in Sending Visible Forms by Electricity 


Tnm Is so much interest In television that the no- 
eore j aaytag report of progress In ths experiments of Dr. 
Georges Btghoux will bo of timely value. The photo¬ 
graph*, whfls by no am ta perfect, an new, having thu« 
br beep published nowhere is Europe or America, and 
will earn to show precisely what to being done.—Bnrroa. 

Fop p very k»g time physicists have been trying to 
solve the problem of seeing at a distance and ai eoienoe 
baa already made aueh marvetoua conquests—the tele¬ 
graph, the w ir e l eea sending lignali, and the telephone 
ooavaylng the round of the voiee to a dUtaane, and now 
alao without the In Evening wire, that television, 
string at a diateaoe, aeemi no longer merely an impossible 
dream. 

The present story baa to do with aume experiments 
which Prof. Ruhmcr in Berlin, Edouard Bella at Paris, 
and Georges Rignoux at la Koohdle, have been oonduotr 
ing. These have been in progrore for some years, and 
have Just reached a stage that is filled with interest, 
for it has been possible to recognize simple form repro¬ 
ductions transmitted by eleotrio impulses in a die tent 
olty. 

Rignoux, who is a young physkrist of la Rochelle, 
sometime since devised an apparatus to which he gives 
the name Telephote, but whtah required a huge number 
of wire*, as many as these were of luminous points con¬ 
stituting the original image, latterly, ho has been able 
to simplify the Telephoto to a marked degree, and just 
as the telephone transmits over a wire gradations and 
quality of sounds so the Telephoto will transmit the lights 


and shadows for the defining of an illuminated image. 

The Telephote requires two wires between the sending 
and receiving stations, In addition to one for synchro¬ 
nising the machines at the two places, and is based on 
the general principles illustrated in the accompanying 
diagram. A suitable ooneavo mirror, parabolic by 
preference, oonoentrates upon the object whose Image 
it is desired to transmit the beam of a Nernst lamp of 
2,000 oandl e-power, and the Image of the onginal^thus 
illuminated Is projected by means of a Ions upon a mosaic 
of 64 oeDs of aolenlum. It is not noooesary here to do 
more than note that the oleotrieei renounce of selenium 
varies according to the amount of light which It receive*, 
a property which has caused It to be made the foundation 
of many experiments of the hind. 

Such a mosaic lx capable of transmitting various 
figures and oombinatlomi of signs, llie current passing 
to the selenium being of 110 volts. Kach coll that la 
illuminated attracts the armature of its own electro¬ 
magnet, but if there is no light there is no movement 
of this armature. Tho result of the projection of au 
image upon tho mosaic will bo that certain cells close 
armatures that permit currents to flow, and three cur¬ 
rents are sent to a “collector" which rotates al 4CO turns 
a minute, and tho eoUocted rurrenU are delivered to tho 
line by this device. 

At the receiving end tho impulses are conducted to a 
solenoid or eoil, tho axis of which la hollow. The beam 
of an are light is directed by condnualng and projecting 
Jenxos upon a niool prism, and then passes through the 


solenoid. When it emerges it nomea upon a second 
niool prism that Is reversed to tho first, and the normal 
result is that the second prism entirely steps the light 
already polarised by the first The effect of the current 
through the solenoid is, however, to change the piano 
of polarisation of tho beam of light, and make it iioaxihlo 
to pass tho soeond nicol. It is then caught by a lens, 
passed through a diaphragm which holds back all hut 
the central rays, and these fall on mirrors fixed to the 
periphery of a wheel. A convenient screen receives the 
reflections from the turning oiimirs, and on this screen 
will bn seen (he transmitted image of the distant original. 

Dr. Itlgnnux has sunneeded in sending in this way, 
by means of the Telephote In his laboratory, the images 
of the letters of the alphabet, II, T, L, and U among them, 
and the photographs shown are taken from these images. 
By removing tho screen the eye can catch the images 
on the mirrors but not as sharply. 

Thus far Ihnae investigators linvo not attempted to 
send any half-lights, but are now experimenting with 
this end in view. To obtaiu an imago of a |ierson it 
will be necessary to have a selenium mosaic of from 
3.UD0 to l,000 cells. It is believed also that in time the 
receiving screen will net be necessary, and when this is 
dispensed with the image formed will bo much stronger 
and clearer. The prosont intensity of this image is 
Weak. Dr. Rignoux and bis associates do not claim that 
the problem of television is solved, hut the report that 
they make is an intending statement showing that im¬ 
portant advances have really boon made. 
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Diagram of the Rignoux telephotofraphle apparatus. 


The CooBdfe Tibe in Metallurgies! Research* 
By Dr, Whesier P. Davey 

Da. WaiUTBAtm in the February, 1013, number of tho 
Jfunal of Induttrial end Bnfintennt Chtmitiiy describ¬ 
ing boron and Its compounds says: 

“Boron submdde, a by-product obtained in the manu¬ 
facture of baron, can be used for obtaining high con¬ 
ductivity east ooppar. Copper oast without addition* 

b full of P«i and blowhrfee, and therrfore meehanieally 

unfit and of very low electric conductivity ; tho removal 
of the fast* from copper by the known deoxidizer* is 
Uabte to give pa alloy containing a small amount of 
a —ui_ m amount sufficient, however, to lower the 
'eomdvottvtfy «* th* ooppsr very considerably. Boron 
■ufaogtde, however, ha* the property of deoxidizing oopper 
without c ombining with it, u boron suboxide baa no 
a&rity ter copper. 

b the refining of oopper for etectrioal purposes, the 
eleotrioaQy deposited metal is melted In a reverberatory 
SSoTa world of fcfeeta riwrieal control is eon- 
aeeted with this furnaee retain*. 

It the metal were merely malted and then poured the 
eartogwwild be fall of blow-h*]* and would be of low 
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oloetrieal conductivity. Tho melton copper Is allowed 
to oxidise in tho furnaoo and the oxidation is augmented 
by air blown Into the metal. When the melt contains 
6 or 0 per oont of oxide, the major part of the other im¬ 
purities have been burned away and tho work of reduc¬ 
tion is started. As ordinarily done, this oonsisU In the 
so-called "poling." Green sticks are submerged In the 
molten oopper and the gases and carbon reduce the oxide, 
and such harmful products as sulphur dioxide are driven 
out of the metal. The )«oper time for pouring is not 
that representing complete reduction of all oxide, as it 
has been determined by experience that over-poling also 
gives a porous inferior ingot. 

It was once believed that the oopper abeorbed carbon 
which In over-poled copper causod the rising in the mold 
and the parous condition when east. Hampe corrected 
this Idea and attributed Die porous state of over-poled 
oopper to the effect of abeorbed hydrogen and oarbon 
monoxide. 

The nee of the boron flux of Wdntraub has done away 
entirely with the difficulty of obtaining sound castings 
of high electrical conductivity. It seemed Interesting 
to illustrate th* effect on the porosity by an Investigation 
using X-rays. For this purpose some high grade eopper 
was malted in the usual way and poured Into a mod mold 
to give a block 10 by 10 by H Inches. Another portion 
was treated with one per osnt of the bona flux at the 
tune of pouring and was east in a similar mold. There 
two easting* wsre thsa plaood side by ride on an 8 by 
t04a«h Bead X-ray plats, 33 lashes from ths fowl ^»ot 


of a C'oohdgo X-ray tubo and cxposnl for I wo minutes. 
Tho current through tho lube was 2 8 milli-ampcm and 
tho potential difference across the tube enrresinmdcd to 
a 10-inch parallel spark gap between points. The re¬ 
sulting radiograph showed the supper cast in the ordinary 
way to he full of pore*. The cast with the Imron flux 
was so perfect that no holes were visible The two 
outings were than taken to the machine shop and a por¬ 
tion of tho surface of each was machined re smooth os 
possible, and, re was to havo been oxpoeted from the 
radiographs, tho holos were clearly visible in the common 
oopper, while in tho "borousod” copper tho holes were 
either entirely absent or wore microaeopic. 

The advantage of the radiograph in experimental 
work Is obvious. Without the use of X-rays it u nocos- 
sary to machine off layer after layer nf the sample in 
order to expose to view any hidden defects. Even when 
this is done it remains for the experimenter to buildup 
a mental picture of the defect* m his easting on the basis 
of what he ha* seen on each of the exposed layers. From 
the radiograph it is possible to see off of Outt deficit at 
once without destroying the outing. If It seems de- 
sirsblo, It is easily possible to make slcroosooplo radio¬ 
graphs whereby toe dcfoaU may be seen in their entirety 
and their depths easily estimated. 

In view of the results shown above, the X-ray ex¬ 
amination of metals u a means of metallurgies! research 
seems to have certain attractive and desirable features 
not found in other methods and to open a wide field for 
further work. 
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Fit- I—Important parti of machine used for winding wire on a 14-Inch ptn. 

Wire-Winding Big Guns for Uncle Sam* 

Methods by Which the Most Powerful Guns in the World Are Made 

By Chester L. Lucas 


Tins strengthening of artillery by wire-winding la a 
Hubjeot that baa received the attention of ordnance ex¬ 
porta for yean. There are many different opinion* an 
to tho merit* of wlro-wonud gun*, and they have been 
freely eipraood by aothorlUeg In thl* country and 
abroad; therefore. It will uot lie attempted in tilt* arti¬ 
cle to dIncline wire-wound gun* from the engineering 
Htand point, but rather to dcecrlbo the detalle of the 
operation of applying the layers of wire to the gun aa 
done in the United Staten Arsenal at Watorvllot, N. X. 

The antiquity of the principle of reinforcing gun* 
with wire Is evidenced by an early cannon now In the 
museum at the Woolwich Arsenal In Ragland, that Is 
said to have been used by Uustavua Adolphus early In 
the seventeenth century. This cannon la about six feet 
In length, with a copper barrel, and Is reinforced by 
being wound with hempen cord and then covered with 
leather. The practical application of this principle to 
modern warfare, however, commenced about 1880, with 
the effort* of Uongridge in England and hla contem¬ 
porary Woodbridgo In America. Since that time, the 
wire-wound gun hoe been used to a growing extent in 
Oreat Britain and Europe, but It I* only during the 
pant eight years that wire-wound guns have received 
official recognition In the United States. At the pres¬ 
ent time the wire-wound gun la used for coast defense 
only. 

THE PBlNCirLE OT THE WISE-WOUND DUN. 

Before taking up the operation of wire-winding, a 
few words on the principle Involved may not ho amtoa. 
Many years ago It became apparent to orduance ex- 
liertH that a gun built up of successive tubes shrunk In 
place was far sujierlor to a gun mado from a solid 
billet. Under the gas pressure of firing, It was found 
Hint the metal nearest the Imre of a solid gun was 
stretched lieyond Its elastic limit, while the outalde 
inctnl whs unaffected, receiving none of the strain. 
Therefore, no mutter how thick the walla of the gun 
were made, tho Inner metal around the bore was the 
only part that received (he gas pressure, and as soon 
us this metal bocamo fatigued the gun was unfit for 
use. By building the guns of tubes, successively shrunk 
one over the other, It was found possible to close In 
the metal of the Inner lube by Hbrlnk-preasure of the 


outer tubes so that when the gun was fired the metal 
of the Inner tube had to be first expanded back to Its 
natural condition and then stretched beyond Its elastic 
limit before being fatigued. Aa the succeeding layers 
of these tubes were shrunk In position, this stretching 
of the inner tube was resisted by the pressure of each 
or the outside hand*, and consequently the life of the 
gun wa* greatly lengthened; In addition, It waa possible 
to build a much lighter gun of the same relative 
strength us the solid gun. From the above It will be 
seen that the winding of guns with wire that la under 
tension brings about the aame condition aa la obtained 
by shrinking on tubes successively, and It la claimed 
that the nso of high tensile strength wire gives the gun 
strength attainable In no other way. 

There are two principles employed In applying wire 
to guns, one of which consists In winding lucccaalve 
layers of wire at the aame tension. Ths second system 
consists In winding the wire at a varying tension, de¬ 
cree sin* with each raccosdve layer. The first system 
Is, of course, applied with the minimum amount of 
trouble, but It la claimed that the second principle has 
the advantage of distributing the firing strain In as 
nearly uniform a manner as possible. 

Fig. 2 shows a sectional view of the Crosier type of 
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ncry,” by Oapt L. L. Bruit This view is reproduced 
to Illustrate the manner In which the layers of wire 
are distributed over tho length of the gun. in each 
series of reinforcement*, shoot ten layers of wire are 
applied. At the breech and of the gun, the reinforce- 
ment Is heaviest. At the munis end the layers are 
fewer In number, but tbe wire Is put on at a higher 
tons Ion In order to give the nor usury strength with 
the smallest amount of wire. Covering tubes are shrunk 
In place over tbe wire and aach of thaw tabes Is 
"stepped” so that It has a bearing on ona of the adja¬ 
cent tubes aa well aa on the layers of wire. 

The wire wed for this work In the United States Is 
square In section, being one-eighth inch diameter with 
slightly rounded oornera. Tbe Bngltslt and Continen¬ 
tal practice employs for the most part wire of rectangu¬ 
lar section. Tbe material Is coM-drawu steel, having 
a tensile strength of $80,000 pounds per square Inch 


Its quality Is an all-important factor, and la main ta i ned 
by rigid physical and metallurgical teats. 

THE WISE-WINDING APTiSiTDi. 

Fig. 1 Illustrates the operation of winding wire an a 
14-inch gun. Tbe work la done In a large gun lathe, 
aud the gun Itself to rotated, drawing the wire from 
the wire-reel aa It to wound on the gun. Between the 
gun shown In Fig. 1 at A and tlio reel B to the tension¬ 
ing mechanism. A similar tensioning mechanism to 
shown Id Fig. 8, although the details of the latter are 
slightly different from those In Fig. 1 Both views, 
however, Illustrate tbe principle. The wire, as It leaves 
the real, paaaea over an Idler O and thence between the 
two friction disks which are Indicated at D. A guide 
wheel 3 to In contact with the edge at the friction disk, 
and Insures that the wire outers property. 

When the wire pass'* between the halve* of the Mo¬ 
tion disk, It Just fits into a square noses, half of which 
U cut In each disk. A very powerful spiral spring 
presses the halves at the disk constantly on the sides 
of the wire, and It to one of the functions of guide 
wheel B to force the wire Into the groove cut In the 
friction disk. The wire runs around the friction disks, 
being In contact lor nearly three fourths of the dr 
cumferenoe, and then passes over the fixed pulley F. 
From there It rune down over the floating pulley O, 
forming a loop, and back again over another groove In 
pulley F. 1b* arrangement of pulleys F and 9 la much 
the same aa In the f a mil iar Mock and tackle. Pulley 9 
that floats In the loop of wire has euspanded from Its 
center a lever E that to pivoted on the extreme left- 
hand end, and on tbe extreme right-hand end of the 
long trm to hong the heavy weight /, shown only In 
Fig 1. Xbe weight on this lever may be varied, at 
counie, to ebangtf the tension on tbe loop of wire, but 
In the illustration Fig 1 this weight to 240 pounds 
god tbs leverage to so compounded that thare to a pall 
on tbe wire amounting to 020 pound*. From these fig¬ 
ures it may be see* that the wire, as It la wound on the 
gun, to under a teuton of 40,000 pound* 

On the shaft with tbs friction disk Is s brake dram 
that. In connection with two brehediuft, one of which 
If shown at J, Impede* tbs rotation of the shaft. The 
object of having two brake-band* to to regulate the 
"drag” that to being applied to the wire. The wider 
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Fig. S.—Diagram showing Fig. 6.—Method of occur, 
application of wire to gua. lag end of strand. 


gun ut the rate of from 120 to 2tfl feet per minute. 

"VILLI Ml IN" AT THU NNl) Or THg LAYSSM. 



and form a good foundation for the next layer of wire. 
A atrip of wire long enough to go around the gun la 
tapered for lta entire length from one eighth Inch at 


Fig. 3.—Mechaalam for obtaining teuton In wind¬ 
ing wire. 

of them bauds is kept at a flxed teuton, and the nar¬ 
rower Is adjusted when Increased or decreased drag on 
the wire la desired. The action of the brake and bands 
generates considerable beat, and to dtailpsto this, a 
stream of water passes through the center of the brake 
drum. The pipe for this purpose may be seen In the 
Illustration, Fig. 8, entering the center of the axle at L. 
The drag of the friction upon the wire, on the one 
hand, and the pull of the wire ss It Is drawn onto the 
gun, on the other hand, support the wire while the 
teuton Is being secured. The compounded weight 1 
that pulls upon the loop of wire around pullays F and 
O glvea this tension. 

This lathe la geared so that the carriage holding the 
tensioning mechanism, wire and reel travels at the rate 
of one eighth Inch to each revolution of the spindle. Aa 
the wire la exactly one eighth Inch In diameter this, of 
coarse. Is the proper lead. In order to make sore that 
the wire la wound closely, a spring finger bean against 
the strand of wire Just before It la laid In placa upon 
the gun. This Insures that It Is crowded over against 
the convolution previously applied. This may bo aeon 
on a large seals In Fig. 4. The wire la wound on the 


one cud to nothing at the other end. This Is also tsp- 
ered for about an Inch at the thick end to fit In under 
the strand of wire as It passes up to the next layer. 
These points are clearly shown In Fig. 0. This length 
of tapered wire is carefully driven Into place and the 
new layer started on lta course. At the beginning of 
this new layer It la also necessary to Insert another 
filler wire to close np the space left. Thus two filler 
wires are required for each layer of wire wound. As 
these filler wine are several feet long and only one 
eighth Inch aqua re at the heavy end. It la rather difficult 
to hold them for planing the taper from end to end. The 
type of planing fixture used supports the wire on three 
sides, being clamped at alx-lnch Intervals. Only the 
top Is left open and but one wire Is planed at a time. 

When Joining the end of one reel of wire to a new 
reel, the connection la made by electrically soldering 
with hard solder. The two ends of the wire are scarfed 
sod clamped In the copper faced terminals of the elec¬ 
tric healing fixture. Between the scarfed ends of the 
wire, a piece of sheet silver solder Is placed and the 
Joint well fluxed with a borax paste. The current Is 
then turned on and ten seconds heats the ends, flows 
the solder, and completes the Joining, and there Is none 
of the "fuss" usually experienced when the blow-pipe 
Is used. 

On starting tho strand of wire, the end is driven Into 


Fig. 4.—Wire wound onto gun. 

a hole or recess in the gun body, and the end of the 
strand of wire on the last layer Is also secured liy belug 
driven into n chiseled groove cut Into the solid metal. 
The method of securing the end of the sLrand hi Illus¬ 
trated In Fig. 0, and the groove Is nmde small and deep 
enough so tho wire eau be drtveu down Into It and 
the edges of the gnsive peened over onto the top of the 
win-, thus bolting It effectually. 

After alt the wire or the gun has been wound In 
place, a very light latho cut Is taken over tho top layer, 
lest lug the outside perfectly smooth so as to form a 
good surfs re upon which tho next steel Jacket may be 
shrunk. As the wire Is cold-drawn to within llmlta 
of 0.001 Inch there Is very little unevenness, especially 
In view of tho fact that It Is under such high tension 
while being wound. The gun Is now ready for the 
shrinkage on of tho rings or covering tubes. The tubes 
are bored out to the external diameter of the wire, 
minus tho allowance for shrinkage. Then, with the gun 
In u vertical position, breech down, and a stream of 
wntcr within the boro to keep it cold, the shriuk rings 
or tubes are heated and dropjicd Into place. It may be 
well to draw attention to the fact that tlie shrinking 
on of thoHP covering tills'* Is n very Important opera¬ 
tion and 1* done with great cure. 
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To the Editor of the Betas titic Atioinaw Bwnmm: 

It would seem that the following account of the first 
American submarine would be of Interest at this Urn* 
This narrative la taka from The Asterioen Journal of 
Hoienoe and Arts, volume n, published In 1820. 

Glens Falls, N. J. F. B. Bichaids, 

■UHMAXnre BAVKAnoff. 

Article VIII. Description of a machine, Invented and 
constructed by David Bushnell, a native of Baybrook, 
at tha commencement of the American revolutionary 
war, for the pmpoaa of submarine navigation, and for 
tha deatnctlon of ships of war; with an account of the 
that attempt With fit. In August, 1778, by Bara Lea, a 
■srgaant In the Amortoan Army, to destroy some of the 
British Ship* then lying at Mew York. Commutes ted 
by Charles Griswold, Bsq. 

Lna, Const, February Hat, 1820 . 

Slrt-clt Is to be presumed that every peraon who has 
paid any a t t entio n to tha mechanical iaraattona of tUs 
country, or hag looked over tha hlatory at tha nroto- 
ttoaary war, has hoard at tha minhtne Invented by 
David Bustasfl. for eatisaari aa sarigsttoo, and the «e- 

mmkm ta nmm at that ami aad original fo. 


ventlon would not be unacceptable to the public, end 
particularly to those devoted to the pursuit of science 
and arts. 

If the Idea of rabmirine warfare bad ever occurred 
to anyone before tbs epoch of Boshnell’a Invention, yet 
It may be safely stated, that no Ideas bat hla own ever 
came to any practical results. To him, I believe, the 
whole merit of this Invention la unanimously agreed to 
belong. 

But such an account as I have mentioned most de¬ 
rive an additional value and an Increased Interest from 
the feet that all the Information contained In the fol¬ 
lowing pages has been received from the only person In 
existence poaseeaed of that Information, end who was 
the very same that embarked In this novel and perilous 
navigation. 

Mr. Kara Lee, first a sergeant and afterward an en¬ 
sign In the revolutionary army, a respectable, worthy, 
slid elderly dtlxen of this town, Is the person to wbom 
! have alluded; to him waa committed the first essay 
fur destroying a hostile ship by submarine explosion, 
and npou hla statements an Implicit reliance may be 
placed. 

Considering BnahneH’s machine aa the first of lta 
kind, I think It will be pronounced to be remarkably 
complete throughout in lta construction, and that such 
an Invention furnishes evidence of those resources and 
creative powers which most rank him as a mechanical 
genius In the first order. 

I shall first attend to a deaerlptlan of this machine, 
and afterward to a relation of the enterprise to It by 
Bergt Lea, confining myself In each case strictly to the 
feet* with which be has suppUsd m*. 

n —wo u . 


ItuabiiclI'M machine wob composed of several pieces of 
large oak Umber, acooped out and fitted together, and 
lta shape iny Informer compares to that of n round 
clam. It waa hound around thoroughly with iron bands, 
the seams were corked, and the whole was smeared 
over with tar, ao aa to prevent the imnalblllty of the 
admission of water to the Inside. 

It waa of a capacity to contain one engineer, who 
might stand or alt, and enjoy sufficient elbow room for 
lta proper management 

The toil or head waa muilo of a metallic compoxlUnn, 
exactly suited to lta body, no aa to be water-tight; this 
opened upon hlugea and formed the entrance to the 
machine. Six small pleon of thick glass were Inserted 
In tills head for the admlwlon of light; In u clear day 
and clear sen-water, says my Informer, be could ace to 
read at the depth of three fathoms. To keep it upright 
and pruporly balanced, 700 pounds of lead were fas¬ 
tened to its bottom, 200 pounds of which were ao con¬ 
trived ns to be discharged at any moment, to Increase 
Uie buoyancy of the machine. 

But to enable the navigator when under water, to 
rise or sink at pleasure, there were two forcing pumps, 
by which water could lie pressed out at the bottom; and 
also n spring, by applying the foot to which a passage 
waa formed for the Hdmlsslon of water. If the pumps 
should get deranged, then resort wiim had to IctUng off 
the lead ballast from the bottom. 

The navigator etocrod by a milder, the tiller of which 
Passed through the back of the machine at s water 
Joint, and to one idde waa flxed a small pocket com- 
pan, with two pieces of shining wood (sometimes called 
foxfire) cro s sed upon Its north point and a single piece 
upon the last print In tha night, when do light entered 
through tha hand windows, this compass thw lighted 


Tours, eta, . 
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wm all that nerved to guide the h e l nmm a n to hie eourae returned through the Bound, but during their ibeeaoe 
rhe lngenioua Inventor aleo provided a method lor the enemy had got pomamtos at Long Ialand and Gov- 
determining the depth of water at which the machine enion Ialand They, therefore, had the machine con 
might at any time be. This waa achieved by meana of veyed by land acroae from New BochaUe to the Hodaoo 
a glam tube 12 lncfaee in length and about 4 in dlam Hirer and afterward arrived with it at New York 
eter which waa aleo attached to the elde of the ma The British fleet now lay to the north of Staten 
chine this tube inclosed a piece of cork that ram with island with a large number of transports, and were the 
the descent of the machine and fell with its ascent, objects against which this new mode of warfare was 
a ltd nut- lutb rise of the cork denoted a depth of about destined to act The first eerene night was died upon 
urn fathom Ibe princlpk upon which such a result for the execution of this perilous enterprise and Sent 
via-* produced and also the lutxlisnhul contrivnike of law was to be the engineer After the lapse of a few 
this tills in! Inly escaped the observation of Ur Lee days a favorable night arrived and at 11 o clock a 
uuild tiu hurry and constant anxiety attendant upon purty embarked In two or three whaleboats with Bush 
sutli u perilous navigation. rails machine In tow They rowed down as near the 

Hut not the hast Ingenious part of this curious urn fleet as they dared whan Bergt law entered the ma 
(lime hun that by wblib the horiaontal niutlou was (ooi chine, was cast off and the boats retained 
mind Uted to It this olijeit was effntod by means of Lee now found the ebb tide rather too strong and 
Iho ouis oi paddles formed pruilsely like the arms of a before he waa aware bad drifted him down past the 
nlnd mill which revolved perpendicularly upon an axle- men of war, he, however got the machine about, and 
tree that projected In front tills axletree paused Into by hard labor at the crunk for the space of five (Isaacs 
lln machine at a wntei Joint and was furnished with ly the ships bells or two and a half hours he arrived 
ii ciank by wblcb It was turned the navigator being under the stern of on* of the shlpi at about alack water 
mated iiuddcv with ouc hand labored at tbe crank and i)ay bad non dawned and by the light of the moon be 
villb lln other atcured by tbe tiller could see Ibe people on board aud heard their conver 

Ibe effect of paddles so constructed and turned In satlon This was the moment for diving he accord 
the manner slated by propelling or rather drawing a Inglj closed up overhead let In watoi and descended 
body after them under water will readily occur to under the ships bottom 

aiyone without explanation Hi now applied thi screw and did all In his power 

Ibese paddles were but I- Inches long sod about 4 lo make It enter but owing probably In part to the 
side lwo smaller puddles of tho same description Milps topptr hihi I be want of adequate pressure to en 
also projected near tbe bead provided with a crank ull( tbe screw tu Wt ■ bold upon the bottom bla at 
Inside by which the ascent of Ihe machine could be Itmptx all fulled at each cany the machine rebounded 
assisted flora the ships bottom not having sufficient power to 

By vigorous turulug of tbe trank says my Informer icstsl the Impulse thus given to It * 

(he mariiliM could bo propelled at tbe rate of about lie nor paddled along to a different part of her bat 

three miles an hour In still water When beyond the tun but In (bis maneuver he mado a deviation and 

nacli of daugu or observation of an enemy tho ma Instantlv utuw to Ihe waters surface on the east aide 

(blue was suffered to Hunt with Its head Just rising <f the ship exposed to the Increasing light of the morn 
flora tho waUr a surfaci aud whUe In this situation lug mid an Imminent haxard of being discovered Ho 
ulr hum const sully admitted through thro* small orifices Immediately mad* another descent with a view of mak 
In tho bead Hblch were closed wh«n a descent was liq. one mon trial but tbe fast approach of dav which 
commenced would expose him to the enemy ■ boats and render hla 

lbc efficient part of this engine of devastation—Its escape difficult If nut Impossible deterred him and he 
mu casino- remain* to be spoken of Phis was separate * included that Ibe best generalship would be to com 

and distinct from the machine It was shaped like an nunct or lmmedlaU retreat 

egg and like the machine Itself was composed of solid He now had before him a distance of more than four 

pieces of oak scooped out and lu the same manuer filled miles to traverse but the time was favorable \t Gov 

foM-ther anil secured bv Iron bands etc line hundred ituors Island great danger awaited him for his com 
und thirty ikuiihIb of gunpowder a clock and a (unlock [sins having got out of onler ho waa under the netes 
provided with a good flint that would not mlm fire sity of looking out from the top of the machine very 
Will the Uiqsiiatua which It lnolosid This magarlue ficqucntlv lo SNcertnln his course and at bent made a 
HUM nttmlicd to tho back of Ibe machine a little above virv lrtcgular ilgxag track 

till rudthi by means of a screw one und of whhta The soldiers at Gnu morn Island espied the machine 
inased quit* Into the magaalne aud then operated as ami curiosity drew several hundreds upon the parapet 
N stop Upon Ihe inov*meuts of the (lo*k while Its other *o wntrli Its motion At last a party came down to Ibe 

its) «iiteicd (he machine llils strew could be with bench shoved off a harge and rowed toward It At 

drawn frsn the nui|,a/lnc by which th* latl*r waa tm that momeut Sergt thought h* saw hla tirtaln de- 
inedlntclv <1*Inched and th* cluck comnswed going stiuctlon and as a last act of defense lit go the mngn 
lb* disk was act fir luuulng Lwmty ur thirty minutes rlue ixpc-ctlng that they would arise that likewise and 

a' the end of which time the lock struck and fired the thus all would be blown to atoms together 

gumowilir and lu lbc meantime tin adventurer ef 1 rovlrt*nee however otherwise directed It Ihe 
fettid his iscape * in mv after approaching within lift) or sixty yards of 

Hill live most difficult point of nil to be gained was to Ihe turn hint and wring the magaxlne detached began 
fosten tIII** magurlue to the bottom of a ship Here a 1' susiect a Yank** trick tm k alarm and returned to 
illtlkultv Kruse which ond which nloue as will tppiar the Island 

11 iIm eiutulug uarratlv* d, frated lbc successful o|ieta Xppiuncliltit, thi (Ity he soon made n signal tile hoots 
liens of this warlike apparatus emu* to him and brought him safe and sound tu tho 

Mi lliishn* II s contrivance waa this A very sharp all ire Hu mugnxlm In I1 h noontime hud drifted post 
It on mi r* w waa mail* to puss out from tbo top of Ihe tininnrs Island Into Ihe last Itlver w hue It exploded 
mu*him communicating Itisldi by a water Joint It waa with tnimralous violence throwing large column* of 
pi milled with a crauk at its lowir end by which llte wnltr anil plena of wiasl that composed It high Into the 
tnglneer waa to force it Into the ship a bottom tilts air ( en rutnam with many other officers stood on 
screw was next to be disengaged from the machine and tire* shore spectators of this explosion 
lift adhiring tu Ihe ahlpa bottom A line hading from In a few davs tbe American Army evacuated New 
the S* raw to the magagine kept tbe latter In Its diallned York aud the machine was taken up lbc North Biver 
pmltloii for blowing up the vissel Another attempt waa afterwards made bv Lee upon a 

1 shall now proceed to the account of lbc Unit at frignte that lay opposite Hloomlngdale his object sow 
timpt tliat waa made to destroy a ship of war all tbe was lo fasten tbe magarlne to tbe stem* of tbe ship, 
foils of whhh as already Mated I recilvid from tbe done to the waters edge Hut while attemialug this 
bold ndviuturer hints*If the watch discovered him raised an alarm and com 

It wss In the raisilh nr August 1770 when Admiral pilled him to nlsradon Ills enterprise He then endear 

Howe lay with a formidable British Bret in New York ored to get under the frigates Isrttom but In this be 

Imv a llllle above the Narrow** and a numirous UriUah foiled, having descended too deep 7 his terminated bla 

forte upon statin Island commanded by Gen Ilowa experiments 

threatened annihilation to ihe troops under Washing - 

t* n that Mr Hush no) I requested Gen Parson* of the Rlflllg CuOB 

American Armv to furnish him with two or three men 1' the Fdifor of the Kcmm no Am mean flcmniBW 
to ham the navigation of bis new machine with a ,u * translated article from tbe Vmnkau tn your 
vhw of destrorlng some of ibe enemy a ahlpiilng current men cubit Prof Adolf Keller states that the 

Hi n 1-arson* immediately sent for lave then a ser primary reason tor rifling a projectile 1* to krop it end 

giant and two ulben* who had offered their services 00 explaining that otherwise it would bring up with It* 

I g* si board of a fire ship, and on Bushnell s request maximum surface agalnat th* line of flight, "jot aa a 
Ulug inndi known tn them they enlisted themselrea rsrd brings up with Iti flat mrfoce' I have (bows 

mult r him for this novel piece of service Tbe party t * Mt whl,e tW* h true at a thin flat body, It is aot true 

w.nt *i| Ini* Long Island bound with the machine and »It ret remain. . jSSS ***£ ' rigraitr k'ar. 

made various *xpertinent* with It In the different bar- *P«b4 of will ever be folly striata* Mr fritsaVfonaflaaa 
bon along sbon and after having become pretty thor *7^" *'J ,| r brosgkt te the last of axprefcsemt thMffii'b* 
Mflhly acquainted with th# noda of ntrigvtilt* It* Uttf 1? tkat they vraaM 


of a lung fusiform body which, pnwidad it baa agflt 

dml trinity, alwaya toad* te la® mi m a ft, a J«* 

•Hu or ftA MwtAiarf arrow 

Me further atataa that tba pImmmbou knew* aa the 
‘drift” of a rifled projectile la due to iti roUtug on a 
heavy euahion of air underneath it, and bo aaya tide la 
known aa tbe Totem effect' I have made mm» ex¬ 
amination to discover where this term originated, what 
It meana and by whom It la known Potom pbbtUwd 
most of hla papora between 1800 and 189a Vary ttttto 
of tbe theory of gyroscopic morion waa known la Ida 
time Huler tn 1780 bad given hla oalebrated dymusle 
equation* In gyrosoopic motion* and had Mated be be¬ 
lieved they wore true hut that he bad no idea wbat 
the morion would be D Uemhart in 1700 said that be 
was thankful that although the morions were not pat 
discovered they had at least been presented in analy¬ 
tical form Tbe flrat oomplets explanation of thene mo¬ 
tions was given by Polnsot In bis Tbeorie noorelie do 
la rotation dee corps, 18M. 

In l-okson a time, ranges were too short and guns too 
Imperfect for tbe drift to be perceptible The recog¬ 
nition of tbe drift came in with the more modern light 
Ikvwi red gun* As for as 1 can find, tbe discovery of 
aid the name drift came In some time during the 
liitt* r half of tbe last efibtury If tbe term Potaum 
effect aliening I presume a rolling agalnat frictional 
nalatancs I* known It to certainly not well known The 
Inst edition of the Hncvchipmdto OriUnnk-a says The 
canoe of the drift to unknown but it Is evidently due 
to some gyroscopic action 

The latent standard work on the gyroscope In Oer 
nrauy 1* Klein * Bommerfeld ■ I otter dea Tbeorie 
Hntocls This was published in 1910 and I think any 
later edition Improbable In this work an attempt to 
made to explain the drift as a gyroscopic phenomenon 
ihire have been sevirol other such nttrmiits but thev 
luive all foiled Prof Math of Vienna (1000) said that 
thi nils or a rifled project!lo must execute very rapid 
and *.implicated motions with peculiar condensation of 
air about the ixdnt but that their nature was not un 
di rstood I worked out this problem in 1010 and pub 
llshod an explanation of the drift in 1018* I there 
showed that It wus due to tbe projectile rolling iddo- 
waya on a heavy euahion of sir beneath while above 
was a partial vaennm offering practically no frictional 
reals taDco I also stow id that Ihe point executes pent 
liar cycloidal curvis being in fact a hind of double 
roulitte Prof Keller status correctly in hla article 
that Ihe point ew-intea evcloldal curves, and also 
that the drift in due to frlillonnl rolling on a heavy 
rnihlon of air beneath the projectile Ho makes no 
ineullun of the vacuum above But I cannot understand 
llie relevancy or nwrarity of railing this action a 
Poioson effect 

Ihls to the Brat correct explanation of tho drift I 
liavt met with outside of my own Whit pnrtleularlv 
Interest* me to when and where this Independent ex 
planatlon originated P J B Ooanmao 

Newton Tenter Mass 


Cultivitlon of Living Tisane* Outside the Body 

Tiir Mory of tho cultivation of Hasnra outride of the 
living laxly has already lest ranch of its novelty 
Though wo can still easily count the time in terms of 
months rather than years tbe foot hns been established 
so (iinrlnrivilv and tbe tecbnic developed so success 
fully (list Ibe cultivation of ttomvrs in this way ban 
already become a familiar practice in many to bora 
fortes 

Not long ago Carrel of the Rockefeller Institute 
for Medical Research called attention to the condition 
of a piece of connective flame kept in a condition of 
la ramoent life It was derived originally from a piece 
or heart from a chirk embryo The fragment pulsated 
for lOi days and gave rise to a large number of een 
neettve tissue cells which Ipve stnoe multiplied actively 
It ha* now been kept alive artificially for twenty aloe 
months, according to TM Journal of tiu American 
Medical Annotation, and shows greater atflvlt/ than at 
the beginning of that period, and Is so longer subject 
to the Influence eg time If we exclodo aocMmte these 
emmettiv* ttome orito may lira lndetfeltoly 

Keeplag Stout Tvbfau Stake Cleg* 

la spit* of tnatamt of tha water uasfl for atm 
purpowm In a western etectrie plant; magneafo and Nmr 
were carried over in conridsnkle guantttto* and formed 
a costing on the Wades ef the turbine that vrae dtfWult 
to remove and neraaritatod considerable work, braUm 
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HIOKHWilUMI AND TOXIN* IE CONNECTION WITH 

Th* evidence furnished by tbe morbid histology of 
th* brain In the aente end recent payeboous 1* out In 
fir or of anything approaching a virulent to x i wnl a, with 
the doubtful exoepUon of tbe condition known u "meuto 
(Miriam,” or “aente dellrloo* mania”; neither does 
clinical evidence point to stub, with the Mine possible 
exception. Tbe temperatare-polM-raaplration chart In 
caaaa at acute and recent mental disorder* show* very 
little erldenoe of febrile reaction. Toxins, If any, moat 
be of a low degre e of rind race. We know, however, 
that various drug* which ace Incapable of producing 
the bodily disturbance of reaction which accompanies 
an attack of cue of the specific fevers, and from this 
point of view are not vlrnlent, are nevertheless able to 
peudace very definite mental disturbance. While mor¬ 
bid histology affords practically uo evidence of acute 
toxemia In the psychoses, the changes found ere quite 
compatible with tbe operation of a toxin of a milder 
kind. This Is true, apart from dementia paralytica, for 
aente delirium, acute mania or melancholia, the psy¬ 
choses of exhaustion. Cases of the disorders grouped 
under the name "dementia prwcox” do not, for ell prac¬ 
tical pnrpooea, come to necrapny In tbe acute and recent 
phase, so that, unfortunately, we hare no snOleleut In¬ 
formation In respect to these. The examination of the 
blood In tbe acute and receut paychoaes with tbe usual 
aerobic methods, upon tbe usual culture media, gives 
negative results. 

Of all mental disorders the condition known as "acute 
delirium," or “acute delirious mania,” la that In which 
wn should meat expect to And evidence of bacterial 
origin, on account of the ecuteneee of all the mental 
symptoms and tbe existence of grave bodily Illness. 
The rarity of this condition has largely prevented Its 
proper study; umuug tbe rate supported insane, at any 
rate. It la extremely rare, and I cau only remember 
to hare seen two or three cases In my experience of 
twenty-four years, and one of tbeeu was at Bethlehem 
Koyal Hospital, which does not receive the rate sup- 
lairteil. No significance Is to be attached upon scientific 
Xrounds to any organism hitherto found In the circula¬ 
tion In this disease. The condition la seen In connection 
with typhoid and oilier Infectious disorders, and It 
would therefore apiiear that more than one toxic agent 
can produce It, unless, indeed, such acta merely as a 
predisposing cause. Kosowsky* in a recent communi¬ 
cation upon the pathology of acute delirium, states that 
staphylococci, dlptococd, and the teflueuaa bacillus havo 
alt been found In cases of that disorder, and this la not 
surprising, seeing that the state follows u|Htn dlseasm 
In which these organisms are causal agents. I am not 
aware of any record at animal Inoculations In connec¬ 
tion with cases of acute delirium. The psychosm fol¬ 
lowing upon specific fevers but rarely come to necropsy, 
so that we have no suffletent information as to the his¬ 
tological conditions present In the brain in such cases. 

The Infection P&ohoeee. 

This brings mo to the consideration of the psychoses 
doe to Infection or in toxics Urn processes. By these 
wo mean disorders of mind, which amount to more 
than mere transitory delirium, and which supervene In 
the oourre of, or follow upon, Infectious fevers, or spe¬ 
cific diseases attended with fever. These psychoses 
seem,to me peenHsriy worthy of study, for thereby w* 
Sir likely to obtain an Insight Into the pathogenesis of 
similar disorders of mind which sites without any 
obvious cmw other than a mere deterioration of health. 

’ The luteotion psychoses, as they may for convenient* 
be termed, are rarely seen in public institutions for tbe 
Insane; In the first place, they are uncommon; in the 
second, they are mostly of brief do ration. They are 
to be mef with acre freque n tly In the payehtetric dinto« 
of mdtoflfity towns on the continent, np doubt because 
the patMrts sre readily transferred thither from the 
ordtMurreedteal dink* when they become troublesome. 

Amoag ths ipsdflc fevers, typhoid yielded up to re- 
vat years tbs largest number of three eases, but of 
late years'tofiusass has beto a potent factor. Frted- 
UUfifiF Ursa iA -$ 48p*» Otot a* the number of cases 
qf trtt* peyeboam occur,. Rrytepels* s*eet- 

to|F«>atttt;W-fi>l»aM» the'next mot treqoant cause; 


to tht aatatory of the Infection 


psychoses, U In a datw by Itself. These psychoses, while 
no ilmilit nuiluly appearing sfter the bodily Illness luis 
manifested Itself, or at Its close, may siipeer In tile 
form of delirium or mania before there la any fever, 
and ere Hum only sscrlbeble to e toxin, and fairly com¬ 
parable to a psychosis due to Nome drug, to a poUouous 
substance used In an Industry, or to ptomaines. Further¬ 
more, the mental disorder does not by nny means neces¬ 
sarily go with high temperatures, even when it spiware 
utter the bodily Illness lias become definitely estab¬ 
lished. This Is the Unit Instructive lesson I draw from 
n study of tbe Infection psycluwes; tliey illustrate (In 
common with Insanity from drug lxjlsoulug) the ability 
of a toxlu to cause Insanity. A second Instructive fact 
is that there Is no difference In tbe kind of symiitiKns 
by which one can distinguish the psychuslN caused by 
one Infection or Intoxication from that caused hy an¬ 
other. The brain reacts In common, limited, well-recog- 
ulxcd ways, Irrespective of tlie nature of tlie provocative 
disease, It reacts to toxins; from which It apia-ars that 
different toxins are capable of producing thu saute ef 
foots upon tbe cerebral cortex. 

These psychoses exemplify tlie most diverse clinical 
forms; thus, aente delirious munis, mania, melancholia, 
stab* resembling closely certain of those deemed char¬ 
acteristic of dementia pre-cox, others resembling those 
soru In lusaulty with epilepsy (e.g., states of agltatlou, 
IkjbL opileptic stupor), acute confusional conditions, an 
exalted state resembling that seen lu dementia para¬ 
lytica, the syndrome of KorsAkow -with its preliminary 
agitation and subsequent disorder of memory and at¬ 
tention power; above all, they take the form of acute 
bnllnHnntory Insanity. In the |Mst fchrilu )>crlod de¬ 
mentia of varying degree Is shown. In short, tf we 
exclude systematlxed delusional Insanity, the above 
summary Includes practically all tlie forms In which 
disease of the mind manifests Itself. The specific fevers 
can reproduce them all, so tlmt dlffcrcutlHl dlugiiusl* 
frisn like mental disorders as ordinarily w-en Is for the 
time being practlenlly lmpossllilc. Tlie only esseiithii 
difference Is Hurt in the symptomatic |wyeh<«d* the 
disorder Is counnuiily of shorter duration than In the 
so-called “endogenous" psychoses, although after typhoid 
anil lnflnonia varying degrees of mental defect may 
last for years. The nbove couslderallous naturally 
prompt the Inquiry as to whether tlie forms of Insnnlty 
we are aci-ustomod to moot with, or unkuow u origin, are 
due also to toxins, exogenous ur endogenous. A third 
point which is noticeable In connectlmi with the Infec¬ 
tion psychoses hi Hurt one and the same provcsiillve 
lUseoso (toxlu) preduces different fonns of nienlal dls- 
onler In Ulfforcut imrsons, which Is presumably ilno to 
Indlvldusl peculiarities. 

A special reference seems di-slraldc In Hip iiscudo 
general imralysls which occurs In coinus-tfini with somo 
of tlie siieclllc fevers, a point alluded to liy Itoiihocffn'* 
lu his study of tlie symptomatic lisycliisss. As far as 
1 sin aware tlm isiplllsry reflexes are never altered, but 
the typical mental symptoms are reproduced. ami the 
speech Is affected, alUiuugh not typically, yet In such 
manner as to cause difficulty In diagnosis. The knee- 
jerks may be exaggerated. As tlie pupillary phenomena 
are nut present In every case of true general paralysis 
It must have been practically Impossible in diagnose tbe 
simulated from the real disease by the men- symptoms 
In day* prior to the Introduction of serological, chemi¬ 
cal, and cytologic*) testa In respect of the cerebrospinal 
fluid. A further special reference may lie made to the 
occurrence of symptoms Indistinguishable from those 
given as characteristic of the katatenk- variety of de¬ 
mentia prwcox. Them are tbo stii|iOr. flexlhllltas cerea, 
verblgersttou, echolalta, and echnpraxla, stereotypy, 
rhythmical movements, rigidity of attitude, grimacing, 
mimicking, ties, and negativism; In fact, there is tbe 
entire symptom complex of this type of dementia pray 
cox. Borboeffer baa recently given some good doserip- 
tiims of this eondltlou following opon typhoid ami pneu¬ 
monia. A condition resembling kautonlc stupor has 
been described” aa developing In a case of pellagra; 
tbe patient apparently had a predisposition to mental 
disorder, aa she bad an attack of mania six years pre¬ 
viously, before tbe pellagra showed Itself. Tbe infec¬ 
tion psychoses famish Instance* lu which a given symp¬ 
tom complex la produced by more than one »ort>lflc 
agency, and therefore constitute mo argum ent against 

ellMhorirst i We gyaptanstbriM P s y i dm sra, 1*10. 

■Cris; The Lim a , l awate ata, uu, p. tlT. 


N|Hs-llti-tty lu cuusatloii of the various kinds of Insanity, 
mi- uli..oriunl cniistitutlua of the brain lu Individuals 
falling \ fit I uis to ua-utul disorder would seem to be of 
more Important* Hum the exciting cause; the initnbile 
mure hupurtaut than the initant. 

The study of metabolism lu mental disorders Is lu 
Its Infancy; methods hitherto employed are Inadequate 
to deal with the subject. Thu same Is true of chemical 
methods. Thu must coucunlunl results are lu respect 
to epilepsy with Insanity, dementia jturaly lieu, Uemciiliu 
pnucox, und nmntc depressive Insanity, lint the liumges 
otiservctl up to tlie present are not pathognomonic. 

That psychlcul disturbances luttucuce iiietatwllsm Is 
hut uuother wuy of auylug that the buly Is luttuoueed 
by tlie mind. It liuvlug been ili-muustrnted In a given 
case of insanity Hist u disorder of lueUilsdlsiu Is pres¬ 
ent, tlie quesHou of muse and effect remains to he de¬ 
termined. One of the ts-sl Instances of parallelism 
between disorder of mind sud disorder of metabolism, 
and one of the readiest to suggust Itself, Is Hie occur¬ 
rence of glycosurbi lu condlUous of mental agltatlou, 
or agitation wlLh depression, sueb as occur lu different 
kinds of Insanity. According to Alters the periods of 
excitement of general isirulyHi-s sud epileptics are us- 
sedated with hii excrellou of acetous Isxltes. The origin 
of these Is u uiuLter of speculation. Then there Is the 
pliosplmlurla connected with states of mental agltatlou. 
1 fear that lu nih-Ii liisuiu-es as these it Is difficult to 
get beyond the unsullsruetory ihmIHoii of psycbophyali-nl 
parallelism. 

Mclttbulleut in Kpihpig. 

The work of llolide” Is cited hy Allt-rs as partlculsrly 


nllrogi-ii, which n‘Ui-hcs Its maximum Immediately bt- 
fore the 111. Tlie pre-iairoxysmal stage Is also marked 
hy the uppenruiice of an lucreused qiiuntlly of 
oilier soluble acids. The sigulllciiiH-e of this ex- 
prcssliiu Is dubious, and It requires explanation, The 
n-ti-mloii of A" would Iipiu-ar to la- tin- cbiinicterislte of 
Hie 111-fits- slap-, but It Is uut |Kflillur to eplle|isy, for 
u similar condition lias Iks-ii described In cuuiHNdlou 


add; tbe lust Is jirul-nbly dne to inuscillur cisilractliuis 
uud asphyxia, tlulde,” fnun Ids reseurclu-s Into tlie 
IMilliogcnests of cptbiisy, also deserlliuH a profound aller- 
ulloii til nllmgeiiotis metabolism. 

Urtabohnm tn lit iHcntia Paralptiru. 

Tlie study or metalsillsiii III tills disease Is rendered 
cxlrt-im-ly laborious and uui-ertiiln owing to Hu- restless- 
m-ss or tlie imtleuts anil the dllllt-nlly or otdaliiliig 1M- 
liour sisflmeiis of the exi-retii. In Ilk* KuiitTmuiiu’' 
wrote a monograph embracing tin- study of a few loses, 
but lbe value of his laborious work Is much diminished 
by reason of Its unsystemuHc and diffuse nature. He 
brings isit Hie isiliil of tin- disturbance of the water 
ImImicc; tbe balance Is iiegnllve, the loss of water 
tsirtly uccuuuHlig for tlie enormous fins of w-clghl lu 
Hits disease. Other workers, its Alters refer to Hie 
grout rnrlatlons in tbe water balurnv. There ure. 
further, great variaUuns In weight not tte|*-mteul nisai 
food Intake. The loss of weight Is not i-uiinlertialamod 
by Hiibcutaneous Infusion of salt solution. The pns-i-ss 
of heat regulation Is also dlslnrls-d. For the (i-misirary 
febrile states which one nlus-rvi-s lu geiu-rnl imralytlcs. 
If Hu- temis-rature- ts taken regularly every Hires- or four 
hours, ami for which there Is no apparent cause, KhiiIT 
maim suggests, hy wuy of explanation, the accumulation 
of Intermediate products of metabolism. Tlu- fever 
llms produced brings nlsuiL Increased oxIiluHoii hihI so 
liectMutw extinguished. Those fetirlle states lince i-oin- 
monly been explalin-d U|kiii a theory of Infection uud 
nut uism (Hie of auto-lutoxleatlon. In dementia para¬ 
lytica, uud, In fact, lu nil iwyehoses lending to demenllu, 
products of degeneration of nervous tissues (abbas pm- 
inkte) are to bo fuund In tbe glia cells, hihI eella of 
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tlie adventitia of blood vreiele, In cowidereble, aotne- 
tlmeH In enonnoua, amount Theae have commonly been 
looked u|hm) as of a fatty nature, bat on Inaaffldent evl- 
denee. it remains to bn aeon what they really are 
from a chemical standpoint and, by experiment, what 
iHixIouH Indncnce they may have. 

Ituceutly Allen** has published the results of a pro- 
Imined nnearcti in the metabolism of dementia paraly¬ 
tics, lib* chief conclusions being that endogenous pro¬ 
tein uietntHilIsm ts Increased, as evidenced by tbe nega¬ 
tive nitrogen (amt snlpbur) balance, with uniform ln- 
Inlte nr nitrogen. Nevertheless, the metabolic changes 
ure not carried out to their end stages; they are quanti¬ 
tatively greater but qualitatively deficient—Incomplete. 
'Ilicse definite metabolic changes, occurring at any rate 
In certain phases of the diseases, are regarded as show¬ 
ing the exlstcuco of a general, not merely a cerebro 
spinal, disorder. Before their significance for dementia 
paralytica ran be estimated control experiments In other 
organic diseases of the nervous system are necessary, 
Iml these, ns Allen* points out, are as good as non¬ 
existent. It Is highly significant that considerable 
iiiclidsdlc disturbance may be present with but small 
loss In weight, for In persons prone to mental disorder 
slight losses In weight frequently go with a definite 
disturbance of the mental balance. 


The katatonlc form has been carefully Investigated 
by Koeenfeld,* the four cases be worked with being In 
a stuporous state; they were upon a fixed diet and fed 
by tube. The positive result was that .V was retained 
in considerable quantity In all cases, even In periods 
when Insufficient food was taken mid the body weight 
sank. The nitrogen he believed to be In tbe form of 
available free protein, aud for reasons he states. 
Plghlnl* obtained a Ilk* result, but In the chronic 
phase of the disease (which la characterised by de¬ 
mentia. negativism, tics, and stereotypy), and phos¬ 
phorus was a bio excreted la diminished quantity, while 
excretion of calcium and sulphur was Increased. In the 
acute phase, or with exacerbations, characterised by 
motor restleesnesa, lmpulalveneas, and sensory excite¬ 
ment, the N balance was negative, and snlpbur and 
phosphorus (especially neutral sulphur) were excreted 
In Increased quantity, which Plghlnl ascribes to In¬ 
creased nucleo protein katabollam. In the final, chronic 
stage, characterised by dementia—lnatancM of which 
an largely halp to fill anyluma—the chemical exchange 
Is physiological, as one would expect. In the active 
phase of this disease, as In dementia paralytica, there 
are great variations In weight, not wholly dependent 
uisw food Intake; the lattor may be abundant and ab¬ 
sorption good, and yet the patient loses weight The 
work of Ruaenfeld goes to show that these variations, 
as In dementis paralytica, are doe largely to disturb¬ 
ance in the water balance. 

flrafo," In 18 cases of stupor occurring In different 
forms of mental disorder—such as the katatonlc form 
of dementia prwoox, dementia paralytica—found a 
definite lowering of metabolism, especially In the de¬ 
mentia prmcox cases. Tbe production of heat was 
diminished to 80 per cent below normal. Apart from 
myxmdemn, such an extreme reduction la believed to be 
very rare. In these cases there was no marked emaci¬ 
ation and no hypotonldty of muscle. And inch reduc¬ 
tion Is, according to Grafe, not found In chronic under 
nutrition. From the researches of Borsteln, Bornstdn 
and Oven, and Urafe It follows that tbe exchange of 
energy, as estimated In calorie*, is very considerably 
diminished, and below the limit of physiological varia- 


Th« Dyeatsff Industry 

Accowimo to the dally press, the manufacturers of 
both cotton and woolen goods and other color-axing 
Industries In Ibis country are being put to considerable 
difficulties In securing a sufficient supply of dyestuffs. 
One or more of these sensational articles stated that 
there wss a possibility of this famine In dyes forcing 
textile mills In shut down and throw about 400,000 sra- 
ployesn out of work. Aniline dyes are produced prin¬ 
cipally in the countries In which war now rages and 
tin- chief source of the material used in the United 
Stales has been Germany. The Interference with Ger¬ 
many in shipping dyes into thin country ut the outbreak 


of the war immediately awakened eerioes apprehen¬ 
sions in tbe minds of some of those who bad a knowl¬ 
edge of our dependence on Germany for coal-tar dm 
The more recent articles on this subject published In 
the trade and scientific papers dealing with dyes, tax- 
tiles and all Industries depending tn whole or In part 
upon German coal-tar products, refer to tbe situation 
as far leas perplexing than the dally press originally 
seemed to Indicate. In an artiris beaded “Contribu¬ 
tion* of the Chemist to the Industrial Develoinneut of 
tbe United States—A Record of Achievement," by Ber¬ 
nard C. Hesse, The Journal of Industrie! ami Bnginear- 
Is« ckrmltlm, April, 1915, raises tbs qnsstion: It 
there a shortage? This question Is not answered if- 
firmstlvely, bnt Mr. Hesse goes on to show that the pres¬ 
ent difficulty, fur instance, la the textile Industry dote 
not lie In the lack of dyes, hut that the real cause goes 
deeper than the dyestuff question, because the mill* 
cannot sell their goods. But, he says, If they could sell 
their goods in thti country or elsewhere, they might 
buy more dyestuffs than they da 
Mr. William W. fiklddy of the Htamford Manufac¬ 
turing Company, Htamford, Conn„ according to the New 
York Time* of April 11th, IBIS, aays: 

“I think the excitement which ha* horn 
caused by many of these articled Is n tics I led 
for, for the reason that there are dyestuff* In 
considerable quantities made In the United 
States. There are some who manufacture ani¬ 
lines In the United States, and there are also 
large manufacturers of vegetable dyes In this 
country, such an logwood, fustic, hypernlc, etc. 
These dyes were made for a great many years 
prior to tlie knowledge of any aniline colors, 
and were universally used by the textile manu¬ 
facturer* and others who had to use colors." 

About sixty years ago the United State* manufac¬ 
tured practically all dyestuff* used In this country, but 
those colors wore of vegetable origin. The dye-wood 
extract Industry was developed here, but our methods 
were Immediately copied by the Europeans, and many 
factories for malting dyestuffs soon sprang up In Rag¬ 
land, France, Germany, Italy, and Russia, where labor 
was cheaper than in the United States, and the finished 
product could be Imported for less than It could be mads 
here. Another serious blow to the American dye Indus¬ 
try was the rapid development of coal-tar dyes In Gar- 
many. Enormous quantities of these colon of almost 
unlimited varieties are now mad* In Europe and pe*o- 
tkally all of them have been Introduced and are. sow 
In great demand among American color-using concern*. 
Theae are at present about UttQ ahadas or combina¬ 
tion* aud they are still Increasing. 

It la gratifying to loam from various reliable sources 
that the domwttc manufacturers by running full time 
can satisfy the normal requirements of the color-using 
concerns la this country. It la understood, of course, 
that American manufacturers cannot now make a num¬ 
ber of the shades which have been recently produced 
in Germany, nor can It be determined what per cent of 
the color actually made available for use In thin coun¬ 
try will be of coal-tar origin. German dyestuffs will 
continue to corns In and tbe poaltloa of the domestic 
manufacturer of coal-tar dyes may remain nnchang»A 
until the tariff laws an modified. 

There is a fair possibility, however, that vegetable 
dyes are coming Into their own again. It is **iaif*»»a 
that the adjustment of the machinery In dyeing plant* 
for tbe nae of vegetable a* against coal-tar dyes la not 
T «7 greet, as Is shown by the fact that a number of 
textile manufacturers use both kind* of dye*, depend¬ 
ing upon tbe material to be colored. Another fictor In 
favor of the possible increased nse of the vegetable dye 
la that the producers of this clam of goods are fully 
equipped and ran procure tbs raw material at tbe pere- 
enrtlme under the most favorable drenmsteaore. The 
woods coma chiefly from tropical America, and stow 
thg shipment of theso wood* to luropo Is considerably 
curtailed, they are now offered to the American mar¬ 
kets at figures below the normal 
While tbe use of dywtaffs to general has toereassd 
enormowiy in recent yrere, that obtained from dye- 
woods has decreased. From 1800 the quantity and value 
of dye-woods Imported steadily Increased until atogt 
1880, when the coel-taf dyee began to nw In to gmm 
usa During the eneeaedbig dewdes the j*. 

ported fell abruptly. The total value of dywtaffs (logs 
and extracts) wed ts given to the following table: 


artificial dyes. rustle, which also oaraw from ths to«gt 
InfflMi standi if** tn «—f*w**«*» »~""g the woods 
used far extracting a dye. It Is mad p rincip a l ly in 
dyeing woolen good* a bright yellow odor. Young 
fustic, cajnwood, barwood, senders, mppan, sad fhs 
Hraxlti oome into this country In varying quantities. 
In addition to these foreign woods, vast quantities of 
oak berk are wed, as well as a tang list ct other vege¬ 
table tlwue of minor Importance. But this can hardly 
ever be satisfactory. Nat only are moot coal-tar dyw 
cheaper than vegetable dyes, but the variety of And* Is 
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Developments in Electromagnetism—I* 

A. Review of Some Important Problems, and the Laboratory Results 


By Eugene Bloch, Professor at the Lyc4e Saint Louis 


Tin domalu of electnumigiK-ttoin In to-duy no brood 
null no complex Hint In u few |mgi-* wo nmuot tiofw to 
nbuw all lto frontier*. For tile prwwnt, therefore, we 
will limit ourm-lvc* to reviewing eerlaln problem* which 
particularly utirncl our uttciillou, either by the number 
or the lmiwrtaiico of the luvratlgatione which they have 
produced. We will Htart with the theoretical devclop- 
meuta and end with the rcaulta gained to the tobo- 
r-.torr. 1 

L TUB DYNAMIC* Of TUI KLtrTki_ 

MA0NCT10 MASS. 

The electromagnetic theory of matter aud the ether 
In the perfected form dne to II. A. LorenU la realty a 
theory of electron*. Matter III all lto form* to by It cun- 
aldcred a* made up of complex group* of which uu 
euacntlal element I* the negative electron either free or 
bound to an atom. Thto element to defined by lto charge 
a (-l.fi x JO “ clcv-tnwtatlc uultoi and Itn mam, which to 
Invariably at umaU velocities (e/m -- 1.T6 X 10* electro- 
magnetic unite). Thto reault wa» the logical couee- 
quonce of a long and brilliant aerie* of dlacuverhw 
which marked the end of the laat and the beginning of 
the prvaent century (cathode raja, X-ray*, gam-cun 
Inna, Zeeman effect, radioactivity, etc.). 

A fundamental problem of thto theory to evidently the 
study of the met iou of an laolntcd electron and the elec¬ 
tromagnetic perturbation* which accompany It Thto 
problem gain* III lntereet hh exiiertinentol demonHtru- 
Uon become* possible. Cathoilo my* from all aourre* 
(ray* from Croukca'a tubes, from the photoelectric ef¬ 
fect, the 0 ray* from radium) are, Indeed, llaxea of 
electrons projected at great velocities from matter. let 
ua, therefore, review llret the Important result* of the 
theory which waa developed by Heaviside end Hearlo 
and later and fundamentally by J. J. Thomson (1NK1), 
a theory which has passed through many Hura-mlro 
developments.* 

(1) Au electron movlug with u uniform velocity, nr 
at least ■ velocity only alowly variable (quasl-statlou- 
ary), corrlea Invariably tlod to It au electronmgnetlc 
Held the form of which can to- completely deduced from 
the Maxwell I/in-illi equations. Thto moving Held him 
beou called the "velocity wave." 

(2) If the electron suffer* uu acceleration, a wave to 
Immediately pro|*igated from It having all the char¬ 
acteristic* of a luminous wave (tnmaverae vibrations, 
rectangular electric and magnetic field*). Thto dto 
turliaucn has been called an “acceleration wave." At 


tromaguetlc interpretation of mechanics. In thto new 
mechanics, the mass m doe* not maintain a constant 
value m, except at very small reluct lto*. Tor a velocity 
comparable with that of light (/I near 1) the maaa be¬ 
comes a function of 0 aud lucrum* In de fin i t el y a* 0 
approacboa unity, (further, It to nrn— ry to distin¬ 
guish between a longitudinal and a transferee maaa 
according to the orientation of the iccetontloo with 
regard to the velocity. The transverse maaa, detectable 
only In the experiments with the devUtlana of the 
cathode rays, I* glvou according to Max Abraham by 
the relation 


This formula seemed completely verified by the oboer- 
vatloua of Ksufmanu 1 (1800 and 1808). Ue measured 
the vartotlou of the ratio e/m with lb* velocity for the 
0 ray* from radium, utilising the electric and magnetic 
deviation* of the electrons having velocities reaching 
iiluety-flvo one-hundredtbi of the velocity of light 
Since then other formube have been proposed In the 
place of this. Langevln and Bucherer,' basing their 
formula upon the hypothesis of a deformable electron 
of constant volume, obtained 


Further, as a consequence of the development of the 
theory of relativity (ace Hectlon II of thto article), Q. 
it lioreutx, postulating an electron of constant equa¬ 
torial diameter, deduced a third formula: 


rectangular olwtrlc aud magnetic Oelda). Thto dto 
lurliauco has been called an “acceleration wave.” At 
great distance* from the electron the latter wave alone 
exists because Its amplitude varies Inversely a* the dis¬ 
tance from the electron and not aa the Inverse square 
aa doe* that of tho other wave. Thto shows us the prob¬ 
able origin of luuiluou* radiation* and the root of the 
explanation of the Zeeniau effect. Here also we find 
I he explanation of X-ray* which are electromagnetic 
pulse** due to the abrupt stopiwge of cathode corpuscle* 
at the anticathode and the resulting negative a reel- 
e ration. 

(3) fn order to give au electron a qnasl-alatloimry 
movement there must be communicated to It energy 
which la stored np In lto field as elnctrlc and magnetic 
energy. The necessary calculations for this field are 
relatively simple whore the ratio (0) of the velocity 
(v) of the particle to the velocity of light (F) is small 
They become more complicated where 0 approaches! 
units and were first nude completely by Max. Abraham* 
In 1808 upon the hypolheeto of a rigid, spherical elec¬ 
tron carrying a charge uniformly distributed through¬ 
out Its volume. Then the magnetic energy of the field 
can always be expressed In (he form of kinetic energy, 

- 2 - . 1L to quite natural to speak of the coefficient m as 
tho olectromagnetlc maaa of (he electrons Thto mss* 
may be raperpoeed upon the ordinary maaa, at least It 
does not wholly take Its place. This leads to an elec- 

• Translated from Berne gtiUrale tee gates cm rum <1 ■, 
pltpntm. Paris, 2Atb y«r. No. 8. April 80th, lets. Is tbs 
Annual Deport S* t*S Bmltbsonlsn Institution for IBIS. 

1 It will be OBI if tho question, for Instance, In this review 
tn consider the recent naaarctwa on the larger tone, X-rays, 
radioactivity, vacuum tab**, tad tho pbtaomens connect ad 
with them (positive rmya, etc), or atamepberie electricity. 

'doe the references dted farther os. 

■ We hiv« not snffldent space to describe the carton, theory 
of Braga, according to which Os X-rays and the r ray* of 
rsdltyg ire uncharged particle* of matter. Moreover, this 
thcdr»-»*peari to he contradicted by the recent boasttfcl ex 
portrsebta of Laos tod his pupils upon tbs diffraction of 
X rays hy crystals (Bragg, BSU. Jfsp., October, 19*7; Oktm. 
.veirs, vol. 97, p. Ida. 1B08; ffsdtots, p. SIS, 1908. gss also 
articles by Brunet In thto *«rw for February 19th, 1911.) 


These now formal* also atqwar to lit the expeiimeul* 
of Kaufmann. It became mveemary, therefore, to make 
new experiment* more precise than those of Kaufmaun 
in order to choose between the various formal*-. Sev¬ 
eral attempts to do thto have born made. 

lluchorer' placed a grain of nullum fluoride ut the 
center of a condenser formed of two fiat disk* 8 ccnti- 
im-ters In cl la motor nnd separated by 0.20 millimeter. 
This condenser was Inclosed In an alr-Ught cylindrical 
Isig, the walla of which carried a photographic film. 
Thto ws* all placed in a uniform magnetlc field parallel 
to tho plates and a very perfect vacuum produced. 
When the condenser Is charged, the 0 rays trace upon 
the film a line the analysis of which permit* the calcu¬ 
lation of I he variation of e/m with the velocity. In thto 
case the formula of Ijureutx to found to fit best, con¬ 
firming nicely the principle of relativity. 

These oonclnshins hsve been clenched by yet later ex- 
perlmenl*. Ilupka" used the electron* from the photo¬ 
electric effect, produced In a very perfect vacuum and 
accelerated by Intense electric fields reaching a Ktreiggth 
of IK),000 volts. Tho knowledge of tho velocity » and 
the ratio e/m was deduced from the magnetic deviation, 
rendered evident by s fluorescent screen, ami the mag¬ 
nitude of the accelerating potential. Tho maximum 
velocities obtained were of the order of v/2. The 
formula of Lorentx flu these observations also better 
than that of Abraham. However, these experiments are 
les* convincing than the preceding one, os Hell noted,* 
since the highest potentials, most be known with a pre¬ 
cision greater than 1 per cent, an accuracy difficult to 
obtain. 

a K. Guye and Katnovaky," dealroos of race ping this 
difficulty, used ordinary cathode rays, produced In a 
good vacuum, and deviated at the earn* time both elec¬ 
trically and magnetically so as to get rid of the neere- 
alty of meesoring the potential used. These reunite also 
confirm Lorentfaflbrmula at the expense of Abraham's. 

We aw led by au these 'wait* to look upon on elec¬ 
tron as deformable only In t$e direction of Its motion, 
conformable with the principle of retatirtty; In this 
respect they undergo the contraction of Lpreuti (sea 
further on). Do aU difficulties now disappear? Without 
considering the objection* of s more general nkture 
which are today urged against the principle of rela¬ 
tivity (see Section II), wa most my, aa As H. Poto- 
card" baa observed, wa cannot mprabaod why as 

* fies fees, sleofrsm md ceepmelm, r*L~I , 

■LADgrrlm, Beres ytoBreto gee fetoae aq, % m, 1908. 

'■aeharar, BhpeiM. tettmteifi, rei. kg TM, 1M| iaaafei 

<* n*su, «l m p. au. lfica. 


' Hell Ass sire ter imp rib, voL 81, p 819, 1910. 

"Guy* sad Bataorehy, C tm pl m B m Be*, CLMM, late. 

■ H. Patera* Be rn He m* M Orate* Math. A FeUrme, ret 


electron doe* not dtolntegrate spon tan eoasly under the 
Indoeooe of the electric and magnet* forces dee to 11* 
charge onto** there comes into play, In order to main¬ 
tain equilibrium, other forces from without analogous 
to preeum W* are led thus to introdnee someth in g 
farther than pure electromagnetism as a basis of <mr 
new mechanics. We are Just as far aa ever from Com¬ 
prehending the primordial forces underlying matter, 
u. tbs mioins «* anauvrrr. 

Loren ts has shown that the etoctromagneUe tbsory 
furnishes an ex pis nation of ths negative respite of the 
experiments which wore expected to demonstrate, either 
by electrical or optical means, the movement of trans¬ 
lation of ths earth relative to the supposed stationary 
ether. These experiment* oonld detect only the effect* 
of the first order with reference to 0 (quotient td the 
velocity of translation of the earth, t>, relative to the 
velocity of tight, V), while theory shows that the effects 
should be of the order of 0* or smaller. This tbsory 
than received a rods shock from the celebrated experi¬ 
ment of Mlchetoon (1881) relative to the interference 
at two rays propagated at right angles to aach other 
and which should show the terms of the second order 
of 0. The negative reault was Irreconcilable with the 
theory, the effect observed being less than one one- 
hundredth of that calculated. - Wo must therefore 
modify the theory. 

The modification uecesmry was announced almost at 
the same time by Loronts and by ntsgerald. It con¬ 
sisted in supposing that s moving solid body suffer* a 
contraction In the direction of Its motion eqnsl to 072. 
This is the celebrated hypothesis known as the "con¬ 
traction of Lorenta” It seems very strange at flrat 
sight and Instigated the experiment* by Ixurd llayltegh," 
and by Brace,", who tried to find evidence of this con¬ 
traction In the doable refraction which It should pro¬ 
duce. Their results were negative. In order to explain 
these consequences end place the theory tn a more sat¬ 
isfactory form, Loranta was led to a hypothesis which 
contained the germ of the theory of relativity.“ He 
showed that the electromagnetic equations for bodies In 
motion could be put lu the same form as for bodies at 
rest by mean* of what to called the “transformation of 
Ixvreutx.” Thto permits (he expression of the co-ordi¬ 
nates », y, 3, and tho time t for a system In motion as 
a function of the co-ordinates *„ v°, r» and 1. tor the 
system at rent, thus establishing a correspondence be¬ 
tween the electric and magnetic fields of the two sys¬ 
tems. Thto group of transformations contains, as a 
particular case, the hypothesis of contraction, which to 
found to be of the magnitude (i-jF)’*, In agreement 
almost to terma of tho fourth order with the magni¬ 
tude originally admitted. It farther explain* the nega- 
i tlve remilts'of Mlchetoon, BayMgb, and Breen. Through 
' It wo muli-retaiNl the negative results of Trenton and 
Noble In tbelr oh-ctreatatlc experiment whirl! was ex¬ 
pected to Indicate the term* of 0*." 

The experiments explained by the transformation of 
Isirenls go only to the terma in /f. We do not know 
any at present which go ferther, hut It la natural to 
t suppose that even taking Into account terms of higher 
orders, we will never be able to got evidence of the mo¬ 
tion of translation of the earth with reference to the 
ether, In other words, we con probably detect only the 
relative motions of two material systems with reference 
to. each other and not their absolute movement with 
; reference to a supposed stationary ether. Thto novel 
hypothesis was announced in its mate general font fee 
the llret time by Bln*teln,' , who named It the principle 
at relativity. Starting wtjh thfe simple principle, Klu- 
• stein modified rilgfatly the transformation of LoMrta. 
glviu*. to It a physical bad* off very great fenertllty 
■ud gathering aU the coochmlona resulting troth It lido 
A group of perfectly oouatotant Cannula. 

We will not state haw an ths physical and phSono- 
Pb**l consequence, of tMfttigop * relativity. We 
•will note only the absolute cumjefer aasnmed by thetwo 
fundamental postulates pf thto theory] First, theetitcr 
to immovable and paait rato a matter perfectly; tftwod. 
the velocity off pgkt to ah absolute Invariant and rep- . 


V IffaytdM nn- Mip., tfc ; • 

' m |aa tka ^‘“- Ma haaM l.m "toWj^’^ldWn ■ 

- udate, tm r nm u, #. m Urn. - ,L'v., 
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rmnti a snpartor Holt which bo other rslodty eta 
esrssl (whether for setter to soetloc or too propaga- 
Uoasf «ar«e). The theory hai been farther developed 
OwtodpnUj by Germane) by mneteto (1906-1912), Min¬ 
kowski (M00-1B0H), Planck (1907-1906), Born (1009), 
Sownerfeld (1910), Uae (1911), etc. The various 
potota of view which tbeee physhrlsts have adopted ere 
too ygmeroae to be given here to detail; some have 
tried to pot the tranefoneatlone of Lorente into more 
geometrical and comprehensive form (Minkowski); 
othere have deduced the kinetic conaequeucee of (ho 
prtndirie, either for a moving point (composition of 
retooltleg according to Hommerfeld) or for a solid body 
In rotation (Bom, Lout* etc.). IXitlcaltleM and com till- 
cartons quickly arise la soon us the motion of uniform 
translation originally supposed la departed from and 
three difficulties have oot yet been overcome. The total 
nheence of any experimental basis or coadrmatloo of 
three later developments deters us from further iMsciu- 
afcXL We will stop a moment only on one of the most 
paradoxical consequences of the principle of relativity 
which will bring out the difficulties which the theory 
eneountere nud rebut the absolutism of the principles 
which It uses ss bases of the physical sciences. At 
the start Einstein" showed that If the energy of a sys¬ 
tem Increases by the amount K, the principle of rela- 
Iicily requlret that its most Increase* 
by tf/l * 1 *. Only on this condition can 
the conservation of the movement of tl 
lty as well as the new system of mechanics be main¬ 
tained. Accordingly, mam and energy are not really 
distinct; the principle of the conservation of mass Is 
Inseparable from the principle of conservation of 
energy. This result, however strange. Is nevertheless 
consistent In Itself. 

Einstein himself, basing bis deductions on this con¬ 
sequence, tried to bring back to the principle of rela¬ 
tivity the absolute value which had been attributed to 
It since 3006.” lie has tried to Include In the electro¬ 
magnetic synthesis of the universe the phenomenon of 
gravity, hitherto so rebellious against all onr effort! at 
explanation, lie noted that a uniform gravitational 
field of constant acceleration, 7 . la equivalent to a 
medium free from gravitation In which the reference 
uxew are suigsmed acting with a uniform acceleration 
— 7 . Next we must generalise the principle of relativ¬ 
ity and pass from the case considered until now of a 
uniform velocity of translation to that of a uniform 
acceleration. In the earlier case we were led to at¬ 
tribute to energy a more m — ff/K*; now, If we wish to 


case, radiant energy, light, most have weight; a beam 
of light most then be deviated by the masses close to 
which It may pass. Einstein's culcaUtilou showed, for 
example, that the angular distance between a star and 
the center of the sun must be decreased by about ono 


There Is uo need of calling attention In the strange- oner 

lies* of three conclusions. The Important thing from a to tl 

libllosoplilcal point of view Is that we ire obliged to »"i>i 

give op the absolute Invariability of the velocity of ■«> a 

light, V, considered at the start as an unassailable mini 

axiom. This Invariability Is only true In a system netk 

where the gravitational potential » remains constant, each 

I'ur variable potentials Ilia velocity of light must vary takli 

according to Ibe formula, V «. V. (1 + */V’). Mn It Is actli 

only to ibe case of uulform motion of translation that t ,ir “ 

the transfnnnntlou of Lorcnti represents the phenomena elect 

of a system in movement. In the more general case the I "del 

gioup of transformations Is more complicated anil as "( »' 

yet undetermined; the equations lo be substituted for Mils? 

those of the classic electromagnetism uro also iiinlctcr- fom 

mined. meet 


ipmllous, those of Maxwell ian 
cbs-lty of light. It remains a 
nergl without our quralloidui 
> the logfenl conclusions such 
ounce wholly the hyisitliesls ol 
1 H theory very close to the o 
inllug to him, wc need lint s|s 
elk? Helds, hut only of eleclr 


at great velocities will remain 
n111 vary. We thus urrlrc hi 
lilies. Against these new coiicep 


ojaqied anew concerning the foundations proposed hy 
Einstein we will Dot Is? surprised lo fliul Hist Mnx 
Abraham, adopting thla new conception of muse mid 
weight, has developed a new theory of gravitation, dif¬ 
ferent In many reapeds from lliat of Eldslrin. Abra¬ 
ham* reiiouacaa the Kenomllxathni of Uie principle of 
relativity In the case of acceleration. Then cniwhlerhig 
Mini as a whole the principle of relallvlly lias failed. In' 
kwqis tho laircntx tnuisforiniitlon only for very smsll 
chnngcs In the variables. Considerable discussion lias 

I si sued lietwcen him and Einstein, but we will not fol¬ 
low I ho detalla. 11 

Admltllng that them? theories will have u lasting ef¬ 
fect upon science, hi the future new experiments will 
la? required and a more isiwcrful llieoretlcal effort Ilian 
that of the past. We will cloau our exposition of tills 


ncronllng lo him, a drastic revision of the hyimtlicsre 
relative to 1L For example, Its utiaolute Immobility. 
IsTfect tM'rmealdllty, homogcnlly. Isotropy, and (ho In- 
variability of the velocity of light. Those upholding the 
principle of rclntlvlty have themselves commenced to 
ntlmii 1 he Iasi ismtulalc, as wc have Just seen. Now 
If will he the turn of I he other properties. We may 
isms', through tile liK-reitHlng acuteness of our powers of 
iniuIjsIh, hi uilmll, lo a closer degree of approximation, 
flint the ether, at Icnat slightly, Is similar to nrdinnry 
limiter. Hint II limy propagate a dlstnrhsuce with a 
veliM'll) greater Hum Halt or light, that It d<ssi not re- 
iiinln [STfeclly slnllniinry when matter traverse* It, elc, 
New <'X|s>rlmcnls must Is' added to the purely electro- 
optic ones of Mlchclaon, Itsylclgh, llrace, and Troughton 
Is'fore we will be able to build theae theories. 

IT» br (OsHnaed.) 


Phenol for Cod Antlyria 

Bxoaput speaking, ooal U analysed and tested for 
practical punavsea In two ways. In ono ease tlui elemen¬ 
tary constitutents of tho ooal—carbon, hydrogen, 
oxygen, and nitrogen—are determined separately by 
ultimate analysis. In addition to moisture and ash; the 
data obtained are useful for calculating tho total heat 
content or calorific value of the ooal. Altimatlve'y 
tho volatile matter is separated by distillation from 
the fixed carbon; the ratio of tho two, deagnated tho 
fad ratio, in a certain measure indicates how much 
of the ooal will be available as coke and how much in 
volatile and onndemabb? produota. Neither of the two 
methods gives any slue as to the real constituents of the 
ooal, which it more or less a complex at hydro-carbons. 
But os it is quite understood that ooal changes in the 
onuise of time, and that the period during which a coal 
may be stored without serious loss, its spontaneous com¬ 
bustion, snake formation, and the behavior of ooal In 
general depends upon the nature of the original consti¬ 
tuents, other methods have been tried. These latter 
methods am still In the research stage. The general 
idea at the research is to separate the different con¬ 
stituents su far as possible by the use Of solvents. Already 
at the time of the first London Exhibition of 1861, 
amythe tried betaine, chloroform, alcohol, acetone, 
ethyl other, and petroleum ether, for this purpose on a 
Ugnito from tho Rhine; Remseh, to 1886. used alkaline 
solvents. H. B. Baker, to 1901, and A. Wahl, and 
several others after him applied pyridto with bettor 
results than previously obtained. A. H. Clark and R. 
V. Wheeler 1 found that pyridto roughly separated the 
coal into an extract containing mainly the resinous 
suhetoacre—i. e., the degradation products of the retina 


above that temperature "hydrogen-yielding" mni|Muinils 
(mainly hydrogen and oxides of carbon). Thus the ex¬ 
traction with pyridin and chloroform effected somewhat 
the same separation of the ooal constituents as the 
destructive distillation, and coal would appear to con¬ 
sist of two types of constituents, differing as to the ease 
of their decomposition. 

Other organic solvents were tried In 1912 hy Fraser 
and Hoffman (Technical Paper 6 of tin? United States 
Bureau of Mines), They found phenol to he a suitable 
solvent, and phenol In particular ha* been experimented 
with by H. W. Parr and H. F. Hadley in the F.ngineering 
Experiment Station of tho University of Illinois (see 
Bulletin 70 of that station). l*arr and Hadley have 
studied a great many organic solvent* a* lo their effec¬ 
tiveness as solvent* for coal. In tho first rank they 
put phenol [C? II* 0 II, chemically the timliol of benzine; 
It has tho character of an acid, and is commonly styled 
carbolic acidl. The several oroeols, aniline and methyl 
aniline, otherwise efficient, decomposed during the ex¬ 
traction. Pyridin came next In order, but it appeared 
to introduce some nitrogen into the extract, a fact already 
noticed by others; acetone, benxine, carbon disulphide, 
and turpentine gave only small amounts of extract. 
When the extraction in the hot by means of phenol 
wa* continued too long, above 20 hours, a tittle phenol 
or some decomposition product of it remained. 

Fifteen different coals, mostly from various mi,ms 
in the State of Illinois, have lwen treated with phenol, 
generally in samples of about 6 gramme*, ranging in ash 
content from 3 to 134 per oent. In til ea*ra the extract 
and the residue together approximately made up 100 
per sent, again showing that the continued extraction 
did not lead to any loss or gain of substance. The pro- 


sceiiuil lo la> i-liciiiieiillj laaiiul. In this n-spcct 1‘orr 
and liadloy differ from t'lark and Wheeler, who assumed 
that tile oxygen formed more or less loos?' additional 
eomplexes, not of ilefliute compositions, with Hu? mn- 
stitucnts of Hie coni. The coking properly of the exlreet 
was lireidodly impaired hy the absorption of oxygen. 

These are the chief result*. We will give a few par¬ 
ticulars of the ex|H>rinient«, which appear to liavn been 
conducted with care anil forethought. Owing to the 
imiairlanin of avoiding oxidation, the iuntmuous ex¬ 
traction, al 111) dog. Coni., was generally effect?si in an 
atmosphere uf carlsin dioxide Al higher teni|ieratiiri‘s. 
more extract and less residue was obtained Ilian at 110 
deg. t'ent. In oriler to free the product from Hie sol¬ 
vent, phenol distillation was carried oil at reduced 
pressure. The cooled extract soft?'iiisi wh?in heat?-?! 
above 300 degrees, without at first I*-,-timing sticky; at 
higher temperature It swelled Lu three or four limes it* 
volume, gave off volatile matter, and left a very friable, 
shiny mass; not heat?-il nlaivu 360 degrees, it became 
brittle again on issihng. The hcat?>d residin' also yielded 
volatile matter, ami a very poor, non-cuking kind of 
coke. When the extract and the residue were mixed 
again in llio original proportions, a pnqier i-oke could 
bu ohtaine?!. A groat, many coking (destructive dis¬ 
tillation) pxiaTiimmlH were mode, anil the phot?igraphs 
of tho products are int?resling Both I he residue and 
tho oxtrocl we-re hygroscopic, the residue |*articularly. 
Tho ultimate analyses of the original coal, tho exlraot, 
and tho residue differed little as to the proportions of 
tho main elemonta, while the pyridin extracts seem to 
bn less rich in oxygen than the coal itself. Slow or rapid 
oxidation, at ordinary or higher temperature, docrease-d 
the suluhility of the coal in phenol; the residun could bo 


; wad gum* to the plants which had been tranrionned portions of extract lo residue varied greatly to different exposed t?> 106 deg. Cent, without tit?'nng it noticeably, 
Into' foal? and an ftwoMsp lurid os oaoriat tog of tiw oases, a Ugnito from Wyoming yielding only 0.0 gramme lweauw the coking property depends mainly on tint ex- 
d igw ri Mkla products rif toe W Hi i h mi hy flirtlw I rs a tia g of axlnet, a Poeahonta* eoti from Western Virginia trant. The destructive ilistillalion of the three suh- 
pyridhl Wtaffiri With cblorriorni they obtained an only 0,06 gramme; the avenge weight of extract was stennoa -coal, extract, reulduo -gave less ethylene and 

sotiniri sto&ost entirely nrinou to riwmetsf. They about Ui gramme, the rat being insoluble residue. The ethane and similar compounds, hut more carbon dioxide 

rite dltsriri that ths destructive dietiUariost of coal extract had to most earn a sufficiently definite melting- and carbon monoxide when the materials lutd previously 

feva/brioV liti dig. Oent., ebtefiy "pniaflttfflridln*” print and d e oom podtion temperature, and scraned to been oxidised than when not. This Is the reason why 
so ili riftHlbl i l wl l s rt frma flic itrinrsii snni|k ni rriii and be the vital eontitaant oonewned to the ooktog. Both Parr and Hadley assume that the oxygen enters into 
abitoaffihiltnkir 1 * 11 : trow tnrt t mrl ths extract and the residue, especially the latter, sa well chemical combination with both residue and extract, 

■ -jMBktovSjtlwL. ysgssri *. 1 ' aa the coal itself, readily absorbed oxygen, and the oxygen and is not merely absorb??d or adsorbed. 
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European Aeronautical Laboratories—II # 

Their Organization. Equipment, and Method of Investigation 
By A. F. Zdim, Ph.D. 

(Concluded from Hcientimc American Supplement No. 2066, Pago 330, May 22, 1015 


FKKNI'II AERONAUTICAL LABORATOBIKA. 

The LuInraUrtre Aerixlytiannqut Eiffel wjn«inU of a 
single building with offices, a wind tunnnl and various 
appurtenances, tbere Iming no worksiiii)* in thu estab¬ 
lishment. Thu wind-tunnel mom measures, In round 
mini bora, 40 by 100 fuet, by 30 foul liigh; the three office 
nMiiiw and gaidon cover about halt aa much additional 
8]>ace. Two wind-tunnels, a large and a small one, placed 
Hide by Hide, occupy tho center of tha room. Thoy am 
placed well above tho Door, to admit of a more nearly 
symmetrical flow of air. Considerable furniture shelves, 
drawers, etc.—aru placed about the walls; but tho Imdy of 
the room is kept somewliat fnio of olistmotions to ws'uro 
a loss disturbed circulation. 

Each tunnel comprises throo main purts: tho short 
boll-mouth intake, the model dianibcr, the long Isill- 


Tht air etloaly in Etffel’i tunnel seems to be satisfac¬ 
tory wliilo used for engineering studies rather than for 
exact ratearubos in physios. The velocity at all points 
of a cruss-seotion is uniform In magnitude to within two 
per cent, and varies but little In direction A line silk 
thread, however, moored In tho current, plays a trifle to 
and fro in both the horiaontal and the vertical direction. 
The current velocity also fluctuates in time, say 1 to 2 
per oent. 

This volooity is determined, as in the English anil other 
laboratories, from tho pressure difference between tho 
vacuum chamber and the large room enclosing the tun- 
nol. This pressure difference is measured with a Shuttle 
manometer, or inclined tube containing aloohul and 
provided with a graduated scale. In ordinary praotioe 
tho ond of tlifl alcohol column plays several por oent 


pressure over the surface of models has long been used 
by others, and In principle Is like that employed In the 
English laboratory, and hitherto described In this report. 
The instrument for finding directly the line of the re¬ 
sultant air force, or “center of pressure,” mi a model 
surface Is also an old contrivance, and need not be ex¬ 
plained here. It Is fully described in BUM’S book.' 

Flu hutUvU Atroitehniqx is d* FUn irerstis ds Ports Is 
described in sufficient detail aa to its material plant and 
operation in its prospectus, and in the following artiole 
published in tho ffngiiusritig Ma pastas for October, 1011: 

“The area of the site oooupied to about 18 acres. The 
buildings comprise a oentral hall, surrounded on three 
sides by workshops, stores, laboratories, and a power 
bouse. In the oentral hall will be Installed experimental 
apparatus devoted to the study of aerial phenomenal 



Plan of the Eiffel aerodynamic laboratory. 

The InIV mul hiiisII wind tunucls sir sliiiwn Hide Ivy Hide Their dl.metnr at the .sport- 
moot mom are a and 1 motor, respectively. 


Tho 


Prandll's suspension for measuring head resistance. 

model In suspended by One wires and tho tension of tho muorlna 
measured liy sliding weights In adjoining non. 


mouth exit. The air from the room traverses tho intaka 
through buney-oomlw planed at either ond of the boll- 
like form; then passus at its maximum spued in uniform 
routlllnuar eurrent across the nunlei chamber; then flows 
In gently expanding stream and with diminishing speed 
onward to the larger end of the exit, where it enoountera 
tho fan whlob drives it with replenished energy into the 
open room Tho model ohamber Is thus seen to be an 
enlargement of the tunnel projxir, spacious enough to 
accommodate observers, and so sealed from the surround¬ 
ing room as to hnvo the same barometric pressure is the 
inflowing eurrent at its narrowest section. 

This typo of tunnel, adopted by Eiffel after mature 
ex|Hiricnee, has been patented by him as having foatures 
of considerable value. Ho prims particularly the vacuum 
chamber for the observers, and for the freer flow of air 
aliout thu models, uninfluenced by constraining walls. 
He also prises the expanding exit, or “diffuser," for 
■lowing the air as it approaches the fan anil exhausts 
Into the room, thus realizing great economy of power in 
maintaining the circulation. It is doubtful, however, 
whether any of the main features of Eiffel's tunnel are 
patentable in America. The bell-mouth entrance and 
exit have been known here many years. The vacuum 
chamber was employed by Mr. Mattullalh and myself 
in our wind-tunnel constructed in 1001; was disclosed 
to many others then; and shortly thereafter was described 
in publin prints. 

Tho true function of the “diffusor," or expanding exit, 
m«ms to bo to prevent turbulence, and thus to promote 
economy of flow, rather than to Increase the premure of 
thu stream before it reaches the fan, as taught by Eiffel. 
In other words, the economy of circulation ean be achiev¬ 
ed by placing the screw at a narrower part of the exit 
cone, if tlin pitoh of the blades be property adapted to 
the stream at that section. But Eiffel's present arrange¬ 
ment presents structural advantages. 

The circulation in the large tunnel is m a in tai ne d by a 
Hateau screw suction ventilator with hellooldal blades. 
The screw Is driven by a 30-horeo-power electric motor, 
whioh is round sufficient to maintain a constant flow at 
any desired speed up to 32 meters per second, or say np 
to 70 miles per hour. This is a notable result, sines the 
air stream at its swiftest section measures two meten In 

diamater. _ 
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above and below a moan reading, but nan easily bo 
located un the scalo to within 4 por cent by a capable 
observer. This means that the velocity can lio deter¬ 
mined truly to within 2 per cent. 

For convenience, in the ds termination of tho wind 
effect on the various kinds of models, Eiffel plaoes his 
measuring instruments on a platform, or bridge, spanning 
tho vacuum room, and supported on either side by wheels 
rusting on iron rails secured to tho .rails, so as to bo moved 
aside when desired. Sometimes also the models are 
supported on a frame whioh can be wheeled along the 
floor. Thus apparatus can be adjusted outside the tun¬ 
nel, quioldy run Into place, and again removed without 
dismantling. This is a unique advantage of Eiffel's 
arrangement The main apparatus so employed are the 
aerodynamic balanooa, the propeller tester, and the in¬ 
struments respectively for finding the distribution of 
pressure and the magnitude and Una of action of the total 
wind foree. 

Of the two balaneu the simple beU-crank one for tho 
precise measurement of smaller forces has been sufflai- 
ontiy explained as to principle In describing the English 
laboratory. The large aerodynamic balance, Invented 
by Eiffel himself for determining the lift and drift of the 
whole wind foree, and its line of action, is elaborate in 
theory, structure, and pratieal operation, and Is well 
explained in Eiffel's book, “Tha Resistance uf the Air 
and Aviation." It is not sensitive enough for measuring 
the smaller forces on inclined planes and on small models. 

Th* proptlUr luier is elegantly simple hi design and 
operation. A vertical electric motor, mounted on the 
bridge above the tunnel, and having Its shaft extended 
down through a wind shield to the oenter of the air stream, 
there engages, through bevel gearing, with the hori- 
sontal shaft of the model propeller. The ehafting of the 
armature and the propeller sn encased In a sheathing 
whioh also oontaina tha bearings, and transmits the 
propeller thrust and torque to the base of the motor. 
The motor, In turn, is so moun t ed on pivots and hydrauhe 
gauges as to measure tha thrust and torque without 
material displacement. At the mine time tha motor 
speed is indicated by a taohomater attached to the upper 
end of the armature shaft. The wattmeter method, 
however, kaa lately replaced the direct method of measur¬ 
ing propeller torqoe. 

Tht apparatus for measuring Os Aftributfe* tf sir 


which will include a large fan, 6 feet 6 inohea In diameter, 
and an aerodynamic balance, whereby the pressure of a 
jot of air an surfaces of various shapes will he determined. 
There will also be an air chamber supplied by another 
fan wherein It will bo possible to measure the strength, 
the cantor of premure, tho components, and the resultant 
of the reaction of a current of air at any speed up to 05 
feet per second. A tunnel similar to that used by Colonel 
Benard will also bo oreeted for studying the stability 
of models. An arrangement for measuring the Motion 
of air on surfaoes of various natures whan the air Is mov¬ 
ing at all velocities, an electric dynamometer for measur¬ 
ing the torque of propellers fixed in position, apparatus 
for studying helicopter screws, and a test bench for trials 


ohamber is to be erected, wharoin the resistance of beUcai 
screws at speeds far in excess of those normally arranged 
for, and almost at the rupturing speed, will he Investi¬ 
gated. 

“In the chemical laboratory the study of light gaam, 
suitable for balloon work, will be carried on, sod questions 
routing to their manufacture, purification, properties, 
eto., wiB be investigated. The ohamioal features of 
various envelope materials, tho ehangee whioh oeour 
In them under the influence of heat, light, and humidity, 
the properties and features of the various varnishes 
applied to render the material airtight and to preserve 
it, and similar subjects will also be studied.' In the 
physioal laboratory the instruments used in aannautioal 
work, the accuracy of their indications, their reliability 
and the modifications whioh sre embed for in their design 
to meet aeronaut!*! conditions, will be investigated, 
while the densities and oosgnUnU of expansion of tight 
peas, and the be* maaoi of storing and tnunportta* 


“A photographer’s department has been provided next 
to the phyrioal laboratory. In the workshops It wffi be 
poeslbU to manufacture and repair all the experimental 
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appUanoes required by the' Institution. A part of one 
wine h* nwrved for the inittallalion of maehinee doeigned 
specially to teat the material* employed In the construc¬ 
tion of alroreft. In the power house, situated at the west 
end of the building, are two vertical compound steam 
engines coupled directly to dynamos supplying power and 
light to the entire Institute. 

“One of the most Interesting features of the institute 
Is the provision made for oertain large-scale experiments 
with planes and propellers. To this end a long, narrow 
strip of ground Is laid out with a normal gauge railway 
ahout seven eighths of a mile in length. The rails are 
laid on oak sleepers, and are bonded In pairs by the 
alumlnothermic prooess. The line is level over its entire 
length, with the exception of an incline at each end. At 
the starting point the line for a length of about 235 feet 
is given a slope of 1 to 100 to facilitate the starting of the 
vehicles. At the terminus a slope of half this amount, 
but extending over about 490 feet. Is provided to facilitate 


number of revolutions of the wheels in a given time, from 
whioh the speed will he deduoed. In addition there will 
bo a direct spend recorder registering the value of dt/tti 
at oaoh instant of the (ravel. A recording watt meter 
will register the power furnished to tho motor either on a 
time or a distance basis. Ono or more recording dyna¬ 
mometers will also be carried whereby the particular 
data being determined will bo measured. Tho eflleioney 


of the whole plant at all speeds, tho fractional resistance 
of the driving and recording gear, tho resistance to 
rolling of tho carriage and tho air resistance of its ele¬ 
ments, will all be determined once for all, so that the 
power actually absorbed by the surfaces or screws under 
lost may bo readily determinable." 

VutLteale meaturrmcnU .—We saw a full-scale Bltiriot 
monoplane mounted on one of the eloctrio carriages in 
such manner that its lift, drift and moment, or center of 
pressure, could lie determined at one time, as It speeds 
across the fluid. The speed through the air is measured 
by means of a preesuro-tubo anemometer whose pressure 
collector is a Venturi tube, and has to be calibrated, since 
its readings are larger than those of a standard instrument 
such as used by Eiffol, Prandtl and others. The relative 
importance of such large scale experiments as oompared 
with model tests, or full scale flights with instruments 
mounted on the aeroplane, lus yot to bo determined. 


the arrest and return of tho carriage. On each side of 
the lino and extending along its full length Is laid an 
elentrioal conductor, whereby current is fed to the motor 
of the carriage. The return circuit U made by way of the 
rails. For the last 300 feet or so of the track an addi¬ 
tional pair of rails is laid down alongside the running 
rails. On these additional rails, slippers carried by the 
vehicle bear so that over this dlitonne, or at least a portion 
of It, the carriage skates Instead of rolling. This facili¬ 
tates stopping, and In addition furnishes a safety device 

“It la Intended ultimately to have four eloctrio car¬ 
riages to work on the line deeoibod above. One has 
already been oonstruetod, and has been used for a number 
of experiments. The employment of four carriages has 
been adopted In view of the fact that each series of ex¬ 
periments requires a different equipment of the carriage 
and different registering apparatus. If only ono were 
uasd the time lost In dismantling and remounting it with 
each swies of experiments would be very considerable. 
It is essential also that oaoh vehicle should be specially 
designed to meat the conditions of the particular class of 
experiment for whioh it is Intended. Aooording to 
present Intentions the first carriage will be used to measure 
the hariaontal and vertical components and the resultant 
of tha air pressure on surf sees of sustentation, whether 
plana or curved, simple or compound. The determina¬ 
tion of the direction of the resultant, the oenter of pres¬ 
sure, Its displacement when the angle of incidence is 
changed sod the ‘angie of attack’ win also be undertaken 
with this carriage. The seoond and third vehicles are 
intended for experiments on propellers or tractors, one 
being used for the large screws employed for dirigible 
balloons and tha other for the smaller aeroplane eerewi. 
The tractive effort, the power abeorbod and the me- 
ehanloal effluiancy of each type of propeller will be de¬ 
termined at all speeds. A further Important subject 
of study with theae two carriages will be the affect of tha 
translational motion on the putput and efficiency of the 
propellers. A comparison will be instituted between the 
efficiency, etc., of a propeller when rotating on a fixed 
aria and when moving with the same speed of rotation, 
but with various different speeds of translation. Tbs 
fourth oarriage will be specially equipped for measuring 
the reristanos or ‘drift’ of the various parts of a flying 
mufiMnt 

“The weight at tha first oarriaga la about 8X tone, e«- 
(dudlng tha motor, and a Httia lore than fi tons with the 
motor. The body of the oarriage U built up of steel 
Idataa stiffened with angle Irons and measnret 30 feet 
pi length and 6 feet fl inohe* between the longitudinal 
pwsnben of the frame. Current Is supplied to the motor 
br means of two pain of sliding oontaets carried In the 
■Ida of tha truofc Tha movement of tha oarriaga ie 
flopfcoflod from a loohout-poat oDtamaodhig the whola 

*it <h> enriipi wB h> fnwrtiiil with appropriate 
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If^of new type, the full-*c*le machine may be taeted more 
MTdynnaoar. The meMuronumta of lift hen are said 
to be in error about I> per emit; the drift measurements are 
mueh lew accurate. 

A roundkouM, which measures 130 feet in diameter, 
shelter* a whirling table, the extremity of whoee whirling 
arm deeeribai a circle 300 feet in circumference, and 
narrica the model* subject to aerodynamie study. Thi* 
nan be uaed in any weather, while the else trie road can 
be uned only at special tiroes, and meat effectively only 
during fair and calm weather. The whirling table, how¬ 
ever, doea not seem to be ao popular in the leading asro- 
teehnioal laboratories as the wind-tunnel and large Held 
traiik. It is not an indispenaablo ]«rt of an aeronautical 
latter*tory, except where atudios in circular motion are 
to be made. 

Ancillary budding* have been erooted on the grounds 
near the main laboratory, one for the director immedi¬ 
ately In charge, another for the caretaker, who ia also a 
workman assisting in tlio experiments. 

The r eparte of the investigations arc published in the 
Hultetin de Clnctitul Aeroleohnigue de I' Vuioereile tie Pari*. 
The annual issues for 1912 and 1913 arc in the Smith¬ 
sonian library. 

Other French aeronautical laboratories, operating on a 
smaller scale, are worth mentioning, though unvirited 
by me for want of time. 

The military establishment at Chalaia-Meudon, In 
charge of tbs F.nginoer Chirps, and under direction of 
Commandant Durand, ensembles tlie English Royal Air 
Craft Factory, in developing experimental air craft and 
making full acalo tostc; but it dona not manufacture air 
craft on suah a large acalo, and doe* not compete with 
commend*] firms in building for the government, but 
rather stimulates and helps them to do their host work. 

Tha Conservatoire National de* Arts ol Metiers, 

. corresponding to our Bureau of Standards, does some 
aeronautical work in calibrating instruments, tasting 
matwlala and motors, and furnishes a "mouline Ronard" 
—a standardised revolving bar with paddles at either 
end—for attachment to a motor to determine its power 
at various speeds of rotation. 

By the use of automobiles on a smooth road Chauvinro 
has tested screw propellers mounted above thn vnhiolo 
and advanoing at natural working speed, and the Duo 
do Quiche has measured the lift, drift and pressure dis¬ 
tribution on aerofoils of considerable sixe. Tiie accuracy 
of tho automobile method has, however, still to be provod 
satisfactory. The Cliauvlere propeller experiment* arc 
now made at Rt. Cyr Institut; but the ruscarchee of the 
Duo dc Quiche still continue, and are reviowod from time 
to time in aeronautical literature The earlier reports 
comprise two volumes published by Haobntte, Paris. 

ORKMAN ARBONkUTICAL tABOBATOKIKS. 

The Gottingen aerodynamical laboratory, apart from t iro 
constructional and executive departments, is a one-story 
brink building, in dm alsiut 30 by 40 foot, comprising a 
wind-tunnel and two rooms, one for desk work, the other 
for Instrumental olworvatiuna. It stands alone, in a 
remote iittlo meadow on the outskirts of tho city, alsiut 
lfi minutes walk from Prof. Prandtl’s univorsity head¬ 
quarters. It is vi*y cheaply constructed, lighted by 
electricity, and heatod hy a little stove in Olio office. 

The imnd-lunnsl consists of a continuous closed chan¬ 


nel, two meters square in cross ootfoa, running round 
tha four walls of the main room. Through this turn*! 
the air is forced in a steady closed dronktion by a rerew 
ventilator two meters In diameter, belt driven tram a 
30 horse-power eleotrio motor placed in a little off room. 
As the blast from the blower is too fast along tha tunnel 
wails, it i* accelerated at the oeotir of the rtreazn by use 
of sheet metal fixtures placed in it near tha screw, which 
also help to eliminate whirb. The air stream next paws 
through a honeycomb (Tig. 1), mads of 400 equal sheet 
metal oeUs, each about 4 isobea square and 90 long, the 
■hset metal being In two thloinuww, or two-ply, so that 
either cell can be constricted at will by spreading the 
cell wall inwardly. Actually, many of the cell wall* were 
so constricted. In fact, the honeycomb looked badly 
distorted as if much time had been spent in adjusting 
the cells so that each should deliver the same amount of 
air, The adjustment once made assures, we wme told, 
an air stream uniform in veioAtty at aU points of a orosa- 
Bectlon and at all speeds. On* would think that a eon- 
sidcrable chango of speed would require a new adjust¬ 
ment of the cells to maintain uniformity. Emerging 
from the find honeycomb, the air poire* through vertical 
sheet metal guide blade*, each a double sheet and of 
turbine blade form, which turn the stream 90 degrees, 
without eddies; thence through similar blades giving 
DO degrees more turn; Ibeooo through a muoh finer honey¬ 
comb to remove minor eddies. Thi* last oomh, placed 
just Wore the test part of the tunnel whore the model* 
are inserted, is made of sheet metal strips 10 centimeters 
wide reaching Trom floor to celling of tho tunnel, and held 
in position by their mutual premure, comprising among 
tlmm 90,000 cells. The stream of air Issuing from the 
last honeycomb Is stud to be uniform, and has a speed 
ranging up Ui 10 meters per second. 

The measuring imtrumenti employed are numerous; 
hut ss several of them resemble the ones already do- 
milini, they need not lie noticod. One favorite method 
used by Prandtl to measure the resistance of a model, 
say of balloon form, is to suspend it In the current by 
fine wires, and hold it against stream by horiaontal moor¬ 
ing wire whose tension is measured is the adjoining 
room by means of a bull-crank and sliding weight Very 
accurate measurements cjui be made without the mooring 
wires, if the weight and displacement of the model along 
stream be observed, as In my experiment* of 1902. Thi* 
method, as extended hy Mr. Mattullath, has been adopt¬ 
ed at Gfittingen to measure the resistance of hulls, etc., 
hold obliquely to the current Prandtl's differential 
pressure gauge, consisting of inverted cups suspended 
from opposite arms of a balance, and dipping into a 
liquid, ia liko the one devised and used hy me early In 
1902, and found capable of measuring differential pres¬ 
sures truly to one millionth of an atmosphere, or lens. 
This gauge was described in the Phyeical Renew tor 
Docomber, 1903, half a docade before Pnuidti's experi- 

The pressure distribution over model screw propellon 
having perforated hollow hladns was measured by trans- 
Inins ion through a hollow shaft Ui a pressure gauge. The 
•crews were made of copper clis-lrically deposited on wax 
models, and wore then emptied of the wax by heating. 
To show the direction of air flow past the blades, sul¬ 
phurated hydrogen was allowed to exude from perfora¬ 


tions la tbstr anrfsasa, and tte 44 state than. Tbs ‘ 
■tatetag streaks extood fete and oft and my iDgfetty 
outward redfcly along the reraWblftd**. ' ' " 

I’M results of tbs ssperiamta 1ft tit* (Jtettogmi Iota*- 
tory have been pubhsbsd in various Oarrnu yrefodfeob, 
and in pari translated and repvbiUhed to Mngtn e ert nt, 
London, for 1011 and 1013, ofl of wUafc an o« Its to 
the Bmitteonioa Ubnry. PittteMj totrerettog an 
Praodti's detanntoaticu of pressure distribution ob mod- 
ala of balloon hate darigaod in aeoeertanos with hydro¬ 
dynamic theory; also Ua maasnmnants of th* rreoltaat 
wind force on oblique hulls and wing f oma by the method 
devised and ussd fay H. Mattullath In 1908; oho th* 
resistance of wins and ropaa, ate. Prandtl found fa 
fair shapes a fan* dUftrenee between total nsbtaast Ud 
tbs prereural retbtaaee, and osaribod tha dUtawaa. to 
sldn-bietion; but this ho did not measure dbwriiy. 

The Deutech* Ksrtadtamstak/Or Lmftfahri « /UbnUf 
comprise* one main building used for nflteas and fu&- 
■osle aero plans tasting; one used far oonstruotion; mi 
five small houses each containing an angina testing 
apparatus. In addition to this plant, it is Intended to 
fly full-scala machinal with measuring instruments, aad 
to mount large apparatus on an aerodynamic ear pushed 
by a locomotive on a railway. 

The laboratory of the main building is a targe square 
room with a tower in its center 100 feet high, on top of 
which wind observations may be made, and inside of 
which suspension cords run down to support an aero¬ 
plane just above the floor, to determine its moment of 
inertia. In a corner of the room an aeroplane Inverted 
and weighted with send, as in Langley's method, was 
under lest for stress and strain of it* wing framing. Ia 
another corner was an apparatus for measuring the foroe 
applied to the ountrol* of an aeroplane by phot in practi¬ 
cal flight. This Instrument may help to determine the 
most suitable meohanism for a standard control. 

The shop and the engine testing houses eontaln nothing 
that need be reported. The engine torque and thrust 
were measured by ordinary moohanleal methods, and no 
special apparatus was used to furnish a stream of cooling 
air, as in the British laboratory. 

Other German aeronautical laboratories worth passing 
mention are; the testing department of tho Zeppelin 
Airship Company; the aerodynamic laboratory used by 
Prof. Relssncr of the technical high school at Aobeo; 
the laboratory In charge of Major v. Panevol in the high 
school at Berlin; the experimental pleat of Prof. Dr. Fr. 
Ahlborn, at Hamburg. The Zeppelin laboratory la not, 
under any consideration, open to visitors from abroad; 
and as to the others just mentioned, I had time only 
for a brief visit to Ahlborn's place. Ahlbom's experi¬ 
ments have boon confined mainly to determinations of 
flow about models in a tank of water. The results are 
well portrayed in numerous excellent photographs and 
publications, the best of wldoh are in the Smithsonian 
Institution. Hie apparatus and photographs and those 
at the National Physical Laboratory in England are, 
for hydromechanloal studies, the moat Instructive that 
have yet oomo to my notice, except perhaps tho more 
restricted one* of Uele-Shaw. For stream-line deUnno- 
tion In air, however, the classical apparatus and methods 
of Many have not yet boon surpeend, though more 
precise instrument* of this nature are much to be desired. 


To Make Nottingham > Port 

Tiik Manchester Hblp Cairo! uow being a paying ven¬ 
ture, Nottingham I* desirous of taking lu hand the 
rnuulbatlou of the Trent, with the idea of emulating, 
albeit on a smaller scale, the excellent example of Cot¬ 
tonopolis. 

The scheme is already well advanced, and a bill will 
Is- introduced Into Parliament to secure legislative sanc¬ 
tion for the Nottingham numlclpullty to expond the 
neccHiury £100,000 ou the work- already begun lu a 
small way by the Trent Navigation t'ompany. 

The directors of the company, with the limited re- 
Himrece at their disposal, hnve carried out works of 
far-reaching importance beyond Newark, enabling boats 
of from 100 to 130 toes to be hrought thence from the 
mouth of the river, but once the confined of that his¬ 
toric borough hare been reached something in the na¬ 
ture of a deadlock occurs, all the merchandise consigned 
to Nottingham or beyond tun lug, at neremarlly In¬ 
creased cost and sacrifice of time, to be transferred Info 
amnllcr boats of 20 to SO tone caimclty. It is upon the 
tortuous and at present difficult stretch ef the Treat be¬ 
tween Nottingham and Newark, a distance of about 
twenty miles, that the corporation contemplated an ex¬ 
penditure of £100,000, and although, apart from railway 
and other conflicting Interests Involved, there are oppo¬ 
nents of the schema In Nottingham who predict that 
It will prove something in the nature of a white ele¬ 
phant The ratepayers recently ut a statutory meeting 
Huiqwrted (he policy of the council, the anticipation 
being endorsed Hint with the carrying out of Lbe coo- 
tcmpluted lmprim'inenlr lu Ike navigation a satisfactory 


volume of traffic and consequent revenue would ba 
niiiitially forthcoming. 

No formidable engineering difficulties stand In the 
way of completing the scheme, which is destined to 
rm-m s substantial link In the chain of improved inland 
water cumninnlcatlon which the Royal Commission on 
Inland Waterways bsi long been anxious to establish. 
The Junction with the Trent and Hawley canal mark* 
at present the upper limits of the company'* navigation. 
Down th# river there are Junctlou* with the Lough bor¬ 
ough navigation, affording means of reaching Leicester 
nod onward through tho Grand Junctlou Canal to Lou¬ 
don. Northward the company's authority ends at 
lislMaboroagh, the Humber Conservancy Board possess¬ 
ing jurisdiction from the mouth of the river to that cen¬ 
ter of engineering activity. The Newark Corporation, 
hy a generous expenditure upon th* river tor time and 
a half mile* of Its length In the neighborhood of that 
town, has already set on encouraging example to the 
capital or county, the works there forming a portion at 
tho undertaking leased to the company, who expended 
n large Rum upon the construction at the new Crom¬ 
well lock completed between 1900 and 1911, peeving 
a length between gates of 180 feet and a width of 80 
feet, and being ao eui ia lruc ts d that there would nertr be 
lew than 6 feet 0 Inches at water running through It 
At an earlier date the Newark Trent lock was deepened 


Uve process of dredging, which it la estimated will oast 
ffilkono, and the construction, at an expenditure of 
£7tUWO, of new locks at Stoke, Bardoiph, Guntborpe, 
Hatefford, and Holme Pierrepolnt £10,000 of the total 
outlay involved being allowed for the work In relation 
to the Newark nether lock. In the two miles of water 
leading from Trent lock at Nottingham toward Newark 
not much remains to be done to meet the requirement* 
of boat* 100 tons, the major portion of the expenditure 
being necessitated on the stretch fourteen and a half 
mile* between Herodock end Fbkertoo. This part of 
Trent b very ■hallow, end at point* exceedingly rapid, 
the depth of tiro water available tor navigation at 
time* of exceptional drought seldom exceeding 3 that 
» Inches, white the vortical tell in th* water level b no 
less than a test, equivalent to IT toefcee ptr nptle. 
After leaving Fbkattoa bo great amodtot at dredging 
remains to be dot*. It b proposed to ophe all the new 
tocte of the same ate* u Oat at Ore* well the object 
being to allow a tag and Ite train at boat* to be pasted 
■t the nm time, end than to gat rid of th* sretoas 
delay entailed by having to "pen” each boat reparably, 
As foot vend* could then be paved at th* same 
time through a look of thn da* proposed, tbb would 
be equivalent to about 800 too* at oarpo.—The London 
Daily Tf i tfr ay k. 


by the company, giving roffletant breadth and length ft It new dated that by Bring a retail <* 

*isn to accommodate boats of 100 too* at all eeasoan. th* tar from oil gas a* a MnAw coal dart am ba.attife 
Tbe work which the Nottingham corporation has bow factortiy briquetted, although -m p****** to gfe**. «far <v 
in contemplation Indndaa a earoplete revotattoo In (he this kind eT tor rttoaJdate*satrereMkitatatofrit**ife 1 
river between Trent Bridge gad Mmrk by on txhag* , otogr ktadafaktatteu* ‘ - 
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The Protection of the Strong 

A Discussion of the Working of Insurance Laws for the Protection of the Poor 


' VeaxVM of il lra attof l u- tlon oocartonally arise over 
tbe cMrttac of the Gemma toeurance law* for the 
benefit of toe poor. There to eepedal difference of 
optuliBn ae to tbe result* of tbo legislation regarding tbe 
afck benefit fond, tlw laity and the medical proferaton 
:<~okta* at tba question from two totally different points 
of view, Tbo natter la dlactneed In a recent number 
of tba German Journal Demobee by a Dr. Jena Fanises, 
wbo/after pointing out tbe trials of phydetails In con- 
fonahg to tbo laws concerning tbo dek Insured poor, 
roes oo to a general review of tbe wbolo subject of the 
praeervaUon of woakllnga, to which so much attention 
baa been siren by the German government during tbo 
last thirty yean. 

Tbe eick-beoedt Insurance laws have a wide-reaching 
Influence In Germany, for when the dependents of tbo 
Insured are Included W.4 per cent of (be population of 
(he country are affected. Dr. Paulscn'e complaint as 
regards this fund la (hat the working of the laws have 
enormously Increases] the labors of physician* while 
making them dependent on a few government officials; 
that. In nhort, (he profcMdon has had a most unplenmnt 
disillusion. In former days the attending physician was 
the free choke of the patient, who selected tbe man In 
whom he had eonfldence; now the fund steps In be¬ 
tween the two aud assigns the patient anil attending 
phyidrlau to eaeb other. Owing to the great number of 
people who are obliged to call on tbe Insurance fund In 
lllueaa, this virtually makes a large part of the medical 
profession dependent for succews In their railing on the 
good-win of a few adralnlstratoMfaf the fund, hence the 
combats betwcon the two sides. Tbe writer claims that 
every physician who conforms to certain conditions laid 
down by the fund should have the right (tf'torc med¬ 
ically for any isitlent who might desire blui, iV.waH 
euaternary In days before the fund existed. The iStogy, 
main grievance ts that the fund has practically made' 
all phyeldauR In its employ health officers, who mast 
spend the greater portion of their time tn filling out 
blanks and making reports, tbe remit being Mint such 
lihystclaiia arc compelled to employ secretaries to their 
pecuniary detriment For every imtleut whether n rase 
of serious Illness, or s mere trlfln as dimmed "kin, 
blanks containing Innumerable questions must be tilled 
out and certMlcatea drawn np for the patients contain¬ 
ing all forms of grants, from the light to the Insurenen 
money or permission to go out walking. The writer 
declares that he himself has had to (111 out over a hun¬ 
dred different kinds of blanks, and tt Is only after this 
secretarial work Is completed that tho physician can 
give his attention to the medical rare of the patient. 

The patient ts also unfavorably affected. lie has to 
run to the physician for every trifle, as It Is to his 
pecuniary advantage to get medicines free, and a med¬ 
ical certlflcate Is generally required for absence from 
work. Thus, the imor are trained to dependence and 
helplessness tn petty ailments for which formerly they 
would have sought remedies for a few imimtes at an 
apothocary'a, lose tbo sense of dishonor In living off the 
public funds, aud frail often into the demnrullxlng habit 
of playing rick. To meet all these small demands I ho 
physician to frequently expected to bo at hto office In 
tbe evenings and on Sundays, so that the patient may 
not lam time from work. Consequently, tbo doctor has 
seldom time to keep up vrith the scientific advances In 
hto profession, to often obliged, by the Inordinate rare 
Which must be given to insignificant aliments, to neg¬ 
lect serious Illnesses, and, what to probably the crux of 
the whole matter, to rarely paid for Individual eases, 
but only a small lnmp sum tor all the patients that 
must come under hto rare. 

The main benefit claimed by racial reformers from 
this system to that thereby tbo beginnings of Illness are 
Immediately treated and serious dangers to health are 
checked. The objections made by physicians are those 
Just mentioned with tbe addition that tbe enormous 
sums expended by the fund are too largely paid out for 
petty cases while lnanffldent moony to allowed tor 
serious easto. In the opinion of the writer, Inner re¬ 
form allowing more Independence of action are re- 
qsired rather than a complete reconstruction of the 
benefit food laws. The fftangw suggested by the med- 
t kM profession have been rejected by the authorities 
apd n fto regarded ts tet proved by the flies and 
Stattotim. TUs ttr. Pattern mnrider* a blunder, for 
fter pMpk* itotmHil tataa* always be weighed and 
Tba phyttetott abosUd b« allowed mom Inde- 
■ ffwilfea in p ra ctl ee and ttMrid not be toned to waste 
fa « bUnka and trifle* It would be well to 

pB^tkMittefefiaff ftemaasnreanowadaptod by private 


ail meals as formerly and make tho Insured themselves 
take a certain part of the risk. It would be better if 
tbe patient bad to pay a part of the cost of medicines, 
or even share In tbe expense of medical attendance. 
This would increase hto Interest in and respect for the 
work of the fund, tor what costa nothin* to seldom 
appreciated. Moreover, the son of well-to-do parents, 
who haptieus to hare a small aalary, should not bo en¬ 
titled to I bo benefits of tho fund, nor should a young 
fellow receive tbe samo insurance money as the middle- 
aged father of a family, because both happen to draw 
the same wages. 

Similar difficulties have developed lu tho administra¬ 
tion of other branches of social legislation, as In acci¬ 
dent Insurance; and attention Is called to the Increaatu* 
burden laid on large citlea by the demands tor aortal 
improvements. 

The writer then takes up the further question whether 
tt Is possible to attain a healthful condition of tho en¬ 
tire population by a development of tho Insurance laws, 
that is, by assuring the expense of prompt and sufficient 
rare In rases of lll-bealth. In addition to the pnneut 
measures preventive of the spread or disease. Pre¬ 
ventive measures have removed the danger of certain 
contagions diseases, ns tho plague, smallpox, and 
cholera. Safeguards against accidents and Inspection 
of workshop prevent Industrial mishaps. Phosphorus 
poisoning of workmen is avoided by forbidding the 
mannfseturo of phosphorus matches. All those evils 
cause injuries to health through purely external Influ¬ 
ences. When tt comes, though, to an attempt to uproot 
the tendency to Illness Inborn lu (lie Individual human 
lielng, the matter. In tho opinion of the writer, Is very 
different and universal biological laws come Into play. 
Tbe original rauac Inherent In tho Individual rannot be 
removed, and favorable external conditions develop It 
teto Illness. "For instance," says Dr. Paulson, "a pliys- 
IfiJfe vigorous soldier, who to also apparently sound 
(non tally, becomes In a war unbalanced In mind from 
the same fatigues and psychical Impressions to which 
hto comrades have also been exposed. This menial af¬ 
fection would prnhahly not have appeared If he had 
lived continuously under favorable conditions In such 
a case, consequently, tbo social preventive measures 
would bare obviated the outbreak In times of peace, but 
could not In the least have dono away with the In¬ 
herited tendency." 

Tho layman knows that peculiarities of mind nnd 
character and Insanity are largely hereditary, hill sel¬ 
dom thinks thHt phyidCHl Illnesses are also frequently 
tbe reanlr of Inherited Inferiority of physique; that a 
person with such hereditary tendencies onn rarely fight 
out the struggle of life, or only docs so under the con¬ 
stant aid of the benefit Institutions, with tbe help of 
which he drags nut a weary nnd disheartened existence. 

There are many more persona thus heavily weighted 
than is commonly believed. As examples might be men¬ 
tioned tho army of people suffering from nervous dis¬ 
eases, gout, diabetes, etc. Hardening of Iho arteries Is 
also hereditary In some families. Mirny sufferers from 
tnliereulnsls hsve also Inherited the trouble, while an 
nuulnmlral prodtsposltlou most be assumed Ht times for 
spnendlcitto. 

Tn many cases of Illness tt Is evident that the 111- 
heslth to not entirely from external accident A good 
example to to be found In the mentally retarded. There 
are beings who hare remained In a childish condition 
both physically and mentally, or, as more frequently 
happens. In whom one organ or one act of organs have 
never fully developed. Thus, It Is common to find n 
small heart which works all right when not overtaxed, 
bat which breaks down In Illness or when much ts de¬ 
manded of it Tt to like a small pleasure auto which 
has been turned Into a motor van for heavy lionls. To 
such persona may be ndded to the great throngs of those 
who ire constitutionally weak on Hccmint of the alco¬ 
holism or sypblllls of parents, ns well o* Ihooc who 
hare contracted ouch d tore so* themselves. K,i|ieriencisl 
observer*, therefore, believe the opinion to Is 1 correct 
which holds that a third of Hie poimletlon of Germany 
to Imperfect In health. 

The physician ran often do no more than mlllgnte the 
sufferinfi of persons thus hnrdened. The extreme rases 
fill tbe endless succession of Inmne and other asylums, 
the home* for tbe crippled, deaf and riumk end Mind, 
all of which Institutions yearly Increase In numls-r iiihI 
site. Tbe lighter enss*. those able to work, are the 
persons who, above all, lay claim to tbe aid of sick 
benefit Insurance and other aortal organ Ira tinus. It Is 
three classes of people wlio are the greet source of 
axpesee to benefit funds and chart dee. 


Consequently, tbe present social provision for the 
rare of the weak often leads to the maintenance of the 
unhealthy elements of society at the expense of the 
healthy, end gives the former greater oiqsirtuntty to 
reproduce tbrtr ailments In offiprlng. "Frequently," 
continues (lie writer, “children of tho luls-reulous are 
found who were born In tbo period after I he first treat¬ 
ment by tbo lnanranco benefit. This treatment lias often 
only slightly prolonged the life of the Invalid, while tt 
has aided In the bringing Into the world nr a large 
nnmbor of children. In tbe samo way l lie cure of 
dmnkcnncas Is advantagoouB to the Individual Mb 
economically and as regards health, hut results lu h 
deterioration of the population through the children 
Isini after the cure who have hereditary weaknesses. 
It winild be a good thing if tho lnanrunra offices were 
to Issue information as to tbo number of these children. 
Thus plainly the weaklings are fhrored lu lliolr per- 
petnation at the expense of the healihy through nur 
efforts to protect them.” 

At the mine time difilcultles are often I brown In the 
way of tho perix-tuation of the good qnulllles of the 
healthy, lu the higher circles of moiety many marry 
late or not al nil. The German officer desiring to marry 
D obliged to Inquire first about tho fortune of tho pro- 
isisod wife, and not uutil afterward as to health and 
abilities. It Is not merely training and examinations 
which ran raise n class of society In the world; there 
ls something also to bo learned III life nfli-rwanl. 
While a change of conditions described Is greatly 
needed, tt will lie difficult to bring about, heranse tt 
demanils a knowledge of biological principles which tile 
majority of even tile educated people lack. There Is 
nIIII mile understanding of the fact thHt Inner causes 
conlrllKite far more to health and good fortune In life 
I linn ouler conditions. Even physicians lay too great a 
value on external factors. Another difficulty is the 
undue estimation of personal lllierty. It should he bet 
lor iindcrstixsl that the Individual, ns n dtlxen of tbe 
stale must suliordliinte hto pcrsoiinl life to the good of 
the whole. 

Although tho weak should bo protected nnd cared fur 
In every way, yet the demand must Is- made u|un them 
In return that they ccsse to have children when It Is 
nircUcnlly proved that such children will rause deterio¬ 
ration of tbe race, nnd means should he taken In en¬ 
force these demands. On the other hiniil. marriage 
must Is? made easier for the valuable elements of the 
race, especially for llinse or mental ability. These prob¬ 
lems are difficult anil their full solution may- never be 
ntliilned. It would, though, take too long to watt until 
the entire nation came to understand the mntter, for 
thill would be to pxisise the country to the tote which 
ill! civilized peoples have suffered that have gone to 
pieces since tho days of Rome, beesuao the si rang mcui- 
ls-rs of Uip population tolled tn perpetuate themselves, 
while- tile Inferior part of toe nation Increased at the 
px|m<iihp of the healthier and more valuable. 

BritfeMMeUls and Alloys 

Tiik cull lug off Ilf certain engineering supplies which 
formerly ranic from llrlglum noil Germany has been a 
very serious matter In ninny hriimlipH of the Industry. 
The mitnmoblle manufacturers were pnrtlculuriy hit 
by the Hlwemv of light steel stampings and matings; so 
iiiui-h no. In toil, that siiertal meetings of the Institution 
of Automobile Engineers were held In Ismilini. Binning 
Iihiii, mid elsewhere, to discuss tbe position with a view 
In inducing British nianiifiielurerH to lay down the 


Kninuragnl by the surceas Hint lias nttemlrd this 
enterprise, the makers mill users of tnrluls mid alloys 
that formerly mine from Belgium, lirniuiu.v, nnd, In 
toil, from foreign sources genera lly, arranged for a 
meeting In lllniilngluini. At this meeting there were 
extensive exhibits of nil kinds of British-made metals 
hihI alloys both In toe worked and nnworked stoics. 
These shown) very rlenrly tout tt Is no longer necessary 
for manufacturers to depend u|sin foreign supplies. 
Ksmples nf tin- various metals usnl in Die production 
of alloy steel ami pure nickel In Ihe form of wire, cruii 
blew, cylinders, and so on were oxhlhlhri. together with 
rarer metals, such as cerium (used for union,stlc light 
era nf the friction typo) and tungsten. The hitler metal 
was largely Imported from Germany, tint ts now being 
made here In large quantities, particularly for electric 
lamps ami for hardening steel .—Thr Ena if os Dili In 
Telegraph. 
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The “Cheitnut" Vladurt unu the KhOae. 


The Furka Railway 

A New Alpine lluilwuy from the Rhone to the Rhine 

By l)r. Alfml (Iradenwitz 


The district traversed by the Furkn Railway, which reaches 7/MaH-IHtnch aud follows tor a while the con- northern elope toward the often sparing min. 
connects the ItbAiie with the Rhine. has the most varied creto eondnlt which supplies water for oiieratlng the The valley widens out more and more, and no little 



FtliAnc Viillr.v. n valley more than 11*1 miles long, which 
leads from the Itlihne (Heeler to lstkc (ieneva, chnrac- 
lerlxed by the long, strnlglit line of the turbid witters 
of the river mid by long straight nwdn bordered liy 
ci pm I l,v limg rows of Lomhardy poplars. Every town 
mill i Hinge, almost every hamlet, has Its history, usually 
one of blood mid Arc, battle and sometimes murder. 

limned lately behind nrlgne station, the line passes 
ls-low the Federal Hallway mid erosses the Hliflae on 
n bridge n( Its own, reaehlng the ancient village of 
Xnlers, which, being occupied by a colony of Italian 
tunnel workers, Is distinctly picturesque. On one side 
of tlie valley Is the Furkn line, and im the other the 
Ktmplon Hue, wll It Hie eutrnnee to tlie longest tnnnel 
In Die world. For n Hum the lliw follows tlie old Furkn 
Horn! | Missing III rough n rerllle vnllej. where fruit trees 
Mini gardens ure plentiful. H|uiulsh chestnuts grow about 
I lie lillMde, and Iiidlmi corn mid melons nourish til 
Hie gardens In summer. Alter crossing the Uassa, one 
pi the turbulent tribnUrlee of to* BDOu, the railway 


-.(Kill feet long, reaching tlie height of llclsrh, by hii- 
olher cogwheel section and tunnel. 

The Flench Valley 1* now entered, through wlileli 
runs the Fleschliacb (or White Waters), a glacier 
stream and a tributary of Him HhOne. Heveral more 
(Inducts are than crossed, before the summer resort of 
Flench (IM9R feet altitude) la readied, the ntartlug 
isilnt for s number of mountain exenretooa. 

After leaving Flench, the Furka Railway proceeds 
for some way through larch and pine woods, Isuklug 
backward, there Is a line view of the Wetashoru *Wlr 
and cone, and glliniwea id the lllahloo and the Flench 
glider. The line then continues In a wide curve, again 
In a cogwheel section, with n sidsudld view on the 
Flench Hinder and the village of Itellwalil nltuated at 
u lofty lielghl, awl after crotsdng tlie JFlcschgrabwi 
Viaduct. ellmba up tlie monntnln slope. Paaslng close 
lo tlie Rhone, we noon noth* Nlederwahl, half hkhlea 
behind a fold of the mountain, anti rapidly paaa through 
a Umgm m t mkm of null Imlite an HnN « aw 


right, a ml tlie Hrinwet on tho.lefL Hletneh la the cele¬ 
brated crowing of tbo Orlmsel awl Furka rouds, the 
former of wbleb still fat the uucimlcntcd realm of the 
mall coach. 

Before reaching the Furka tunnel proper', rather over 
a mile In length, which runs limnedlatajy below the 
Furka Pass, at 7,138 fast altitude, there la Muttbach, 
wb&x* a good road leads to Hotel BdvMAra and to 
the tipper edge or the Rhone alader. From the aummlt 
of the Furka there la a splendid view on the Bernese 
and Valalsan Alps on the one hand and the Ureeru 
Valley with the Droer and Oothard peaks on the other. 
The Hut thorn can thence he reached In 8 hours. Be. 
ynnd the Forks Pans there la Furka Station, wbendf 
a new military road at Tlefenharfa readme the Fores 
road iupper. 

The railway now deecends the alopee of the Reuse, 
here but an lnslgntooant itnu, Bbortly before the 

Aegtrtmi ehileti are nmM the WjttwuniMr V«1ley 

mm to aw right, iMdwg to m a m ttm 
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Picturesque Ftrmch, with Alpine stream In foreground. Lofty viaduct crossing the Rhone near Grenglols. 


name. The vfllaifo on the loft Is Realp (5,000 feet), a 
pleasant little place In a plain, which Is a stretch of 
dunlin# snow In winter, and of flowery meadows In 
slimmer. We now reach Hospental, whence the Goth- 
anl road hranches off southward, and soon after An- 
dermatt, the station of which la to serve at the same 
time for tho HchOUenen Railway (Andermatt-GOscheu- 
en) now under construction. Immediately behind the 
statlou, the Forks passes over the Gothard tunnel. 

Wo now take anothor lofty ascent—In three loop 
tunnels—to the summit of the Oberalp Pass (0,7411 
feet), whence we enjoy the wonderful scenery of the 
green Uraeren Valley with the surrounding mountain 
giants. Tho puss here forma a lengthy detile with a 
melancholy Uttle lake. At the end of the Oberalp 
riuteau there rises the Oalmot (7,600 feet) the eastern 
foot of which Is enoompassod by a number of military 
buildings. To the right there Is a footpath leading Intu 
another country and another valley, that of the Rhine, 
In the Orisons, where notunuHeh-spoaklng people lira 

The railway continues Its coarse on a slight slope 


high above the road and affords a welcome opportunity 
of admiring the ■'PI*’’ or peak* of the western Goth- 
nrd mu Halve. Below onr feet, we see once more human 
dwellings, chattels and somewhat lower, on the banks 
of the foaming Rhine, a picturesque group of villages— 
Sul, Oreatns, Selva—wholly embedded In flax and bar¬ 
ley fields. As far ns the eye can see, there Is an endless 
stretch of verdure and woods. Beelde every cluster of 
cMlet* will be noticed certain curious, wooden roofed 
structures, the use of which Is uot at first plain; but 
at this altitude, and with so little warmth, the corn, 
although It will cousert to grow, cannot he ripened, and 
therefore It Is hung up under the shelter of n roof, to 
bo properly dried aud continue Its ripening process. 
The straggle for life here is keen Indeed, but as the 
descent Into the Grlsons proceeds, the scenery becomes 
every mile leas severe, the line often running through 
pine wissls, and the valley broadening out greatly. Tho 
piiiirliiul place before DlsentlH Is reached Is Bed ran, 
■It 4,7:«l foot altitude, shortly liehlnd which tho railway 
traverses a hroad swoop of flat, fertile land, with paths 


leading In nil directions to the small brown-roofed til¬ 
lages dotted about In all the more sheltered corners. 

Dlseutls, at ,1,7U0 fiat altitude, the terminus of the 
Kurkn line, prubnbly takes Its name from 1 ►escrtlninn 
(desert). Us most striking feature Is the white Bene¬ 
dictine abbey, the oldest Benedictine foundation In 
Switzerland, which was prolmhly established In 614, 
by tbo Irish monk Slgtshert. The Hhlsds of Dlseutls 
acquired In tho middle ages much |s>wer anil Import¬ 
ance, and one of them even attained to the dignity of 
a prince of the Holy Itomnn Umpire. Ileslilcs being n 
place of great historical Interest, Dlscntln Is a spa, pos¬ 
sessing tho most powerful radlo-nctlvo springs In Switz¬ 
erland, and an excellent center for mountain excursions. 

On account of local conditions the Idea of operating 
tile line by eJeetrlelly hail to be abandoned, steam lie- 
Ing found more economical. The Furkn Rnllwny Is 
07.1 kilometers In total Icnglh, of whldi nbout :W kilo¬ 
meters, with gniilli-nls of 70-100 per emit are cogwheel 
section no the Mil ruck system, which allows n remark¬ 
able s|«s'il In la- obtained. 



Abm t)M railway to a lia* aarryta wttar ta eyarata Ik* •Met*** yiaat tt 


The vtoioet 1 m* W tba »o«tli of • Mag Uwp tunnel; the carriage road 
flgitgi iten, 
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Atoms and Ions—rV* 

A Comprehensive Discussion Especially as Related to Gases 
By Sir J. J. Thomson, O. M., F. B. S. 

Continued from Scientific Ambbican Sofflkmbnt No. 2056, Page 327, May 22,1916 


At I lit* Royal Institution, Sir J. J. Thomson, O.M, 
F II.N., Ill delivering Iho fifth lecture (if his course on 
"AIoiuh nnil Ions," recalled Hint <>n the lust ixvmdou he 
lind referred In Ills slight coiiilinilvlty which nlr poe- 
Kiwrd, nnd mnliilnlned even when confined within n 
eliMcd and llilck-wnlled vessel. In no way whatever 
wax It, he said, pomlhlo to reduce (bln conductivity 
Ix'low n value which corrcsiioiKlnd In the production of 
Hlmul four loim |st cubic cciillmt-tt-r jnt hccoimI. tf. 
liiHtead of using nlr IndoMcd In a tlik'k-wnlled vcstml, u 
hhiii|iIo of fret- Hlr wax taken, Iho condiHilvlLy was verj 
much greater tliiiu com-Hpendt-d to the aliovo figure. In 
fait, with air In IIn nomiiiI slate, the uuinlier Holdrau 
fell lielow eight 1mm, mill might rlso to a much higher 
value. This addllhuiiil eoiHlnellvIty wna due to the 
radioactive coiistlluenlH of Iho Mirth and atmosphere. 
These giive off eiiaitinlloim which were capable of lonlx- 
lng n gas, anil lo the presonw* «f Ihese emanutlons was 
|o ho ntlrlhuled all the conductivity In excess of that 
corrcHlHiudlng lo llic production of four hum |>er cubic 
centimeter |a-r wmiiiiI. As wouhl unturtilly ls> cxiiectcd. 
Hits added ronductMly showed cousldcrnble fluctua¬ 
tions, being di'is'udenl oil I he presence of u rhh which 
had originally coine out or the earth and been carried 
by Hie winds to the silo of Iho eijierlmeiil. The quan¬ 
tity of this conatltuent pM-w-nl In the nlr luid been 
measured by Salterly at tlio C-avendlsh laboratory 
dally for nearly a your, mik! he had found that Its 
amount ranged from u minimum corresponding to the 
production of one ton per cubic centimeter per second 
to a maximum some ten limes na grant Nstterly bid 
tried to esLalilhib some coiiuccllon between the amount 
of this constituent present mid (ho slate of the wealher. 
Ilut no very dose connection was npinreut, tbo weather, 
whether wet or dry, calm or windy, making little dif¬ 
ference to the conductivity. In fact, the gns sampled 
at any one time might have traveled hundreds of miles. 
The constituent responsible for the extra cimducUvlly, 
though not iieruiaueiit. could lsst a woek or no. and 
hence the eoiulucllvlly of the air examined at a par¬ 
ticular lime might have been acquired a week or two 
previously. In this eunneellon It was therefore the at¬ 
mospheric conditions at Hie sourecs of supply, rather 
flmii those at the testing place, which might street the 
conductivity. Hence, iki very close connection wns to 
lie exiss-li'd Is-lwren the conilncllvHy of the nlr anil the 
state of I he wealher. and none was apiaireul. 'When, 
however, the course of the air was traced hack, for 
some time previous to Hie test, by menus of meteorolog¬ 
ical charts. It turned out Unit In air which had traveled 
over rnullncnts Ihe nmoiint of omiinnlloii was much 
higher Ilian Ilia! In nlr wlileh had come from over Ihe 
son, I lie difference Is-lng very considerable. Another point 
established wns that, when the Iwromclcr was falling, 
there was a tendency for the condacl lvlty of the air to 
rise, due to Ihe lllnrathm of rhs from the earth under 
Ihe diminished pressure. 

Mr. Natter],v further found thut Hie gas sucked out 
of the earth through pl|s , s sunk to different depths In 
vurhnis parts of Cambridge wns u very gmsl conductor, 
lielng shout two thousand limes ns cnmlnellve as ordi¬ 
nary air. This wns due (o Ihe fact that the radium 
mnsfltiicnlM of Iho will were constantly giving off ema¬ 
nations. which collected in the pores of the anti, and, 
when siickixl mil. Ibis emanation produced a gas which 
was quill- II gcxxl conductor of electricity. Mr. Hntterly 
found, moreover. Hint the marsh gaa lllwrated on stir¬ 
ring up muddy illlclies was nlso a very good conductor, 
ns It bronglit vvllli It Ihe emamilloii which came off 
from the radium constituents of the mud. The amount 
depended, of course, on the quality of Ihe mud, hut very 
often marsh gns thus obtained had a very large amount 
of ennducllvlty. From experiments made above land 
xiirfarea It appeared that the quantity of radium ema¬ 
nation In tlio Hlr waa sufficient to produce per annum 
nnd per ruble centimeter of air, 8 X Iff’" cubic centi¬ 
meters of hellnm. The amount of helium actually pres¬ 
ent In the air was B X 10-* cubic centimeters per cubic 
cnillmeler of nlr. He would not, Sir Joseph continued, 
divide llic one figure hy the other In order to determine 
the nge of Hie earth, since a good many Intermediate 
Mii-|is wore missing between the emanation and Ihe 
helium, which vvonld have to he made good before a 
rnlenlntloii of till-* kind could be JosHfied. 

In Ihe last lecture he hod allotted to lh* ease with 
which sodium and potassium and the alkaline metals 


gem-rally eaiuo off (with a positive charge) from sur¬ 
faces. Ho had meant to Illustrate this experimentally, 
lull the tube had crackod. Tie would not, however, 
make good the nmb adnn. The only peculiarity about the 
tube used lay, be said, In Iho olectrodoa. The positive 
elect rode consisted of a piece of tubing, the uppsr end 
of which wna tightly packed with a mixture of sodium 
Iodide, sodium bromldo, lithium Iodide, and lithium 
bramble. A wire embedded In this mixture formed one 
trrmliuil of tbo tube. The ratlindc consisted of n wire, 
which encircled as a spiral the lube forming the anode. 
When tho discharge lamed, Ihe wilt mixture was hen tad, 
nisi gave out rays consisting of atoms of sodium and 
llililum, which moved fart enough to give the character¬ 
istic colors of these metals, via., the yellow of sodlnm 
nnd Iho red of lithium. 

I’mc-cvdlng, the lecturer next discussed the means by 
which w>lklx and liquids which were onlluarily Insn- 
Intors night he nuide conductors. This could Is- done, 
for cxmiiplc, by means of the TWnlgcn ray a. Thu re- 
Hidlnnt conductivity was In no case equal to that pro¬ 
duced hy the an me means In a gns, hut It wax still quite 
iippnx-Inltle. In the early rtnys of Udutgcn radiation 
III- had himself (Swerved that those rays would render 
conductive a mixture of vaseline oil and bromine, which 
ordinarily was a very had conductor. Hliullarly, hexane 
cx|kmciI lo radium became quite a good conductor of 
electricity. Jaffe lind In this case nioasured tlie tram- 
Is-r of Ions produced and their sis-cd, and alao the rate 
ill which ions of iqqioHltc slgu combined In form now 
systems. In some n-siwcta hexane wsn more satlafae- 
tory to work with than gases, as, alOnuigh the couduc- 
llvlty was smaller, the results were fmiud to he more 
regular. 

The Curies hnd shown that Insulating llqulda aud 
solids eximonl lo the millnm enumnthm also hoes me 
conductors. McLennan, again. hRd found that when 
exposed In the Influence of pohudum. liquid air would 
conduct eh-ctrictty. He would have liked, the apeakor 
continued. In hnvc shown this experiment but owing to 
the difficulties arising from the condensation of mois¬ 
ture In the apparatus, Hud consequent loss of Insulation, 
Ihe plaid required was loo cumbrous for use In a lecture 
experiment. 

Ik-war bail shown that, normally, Ihintd air was an 
liiaulator, yet Mrl-ennan now found that It would con¬ 
duct when exponed to isdonlum. The speaker would, 
ho said, use polonium to show that under Its Influence 
lioraffln would beemmo a conductor. To this end 8lr 
■Joseph placed n sheet of lurnltln |ai>er on a ropis-r 
lilale coupled to an eletirnsoope, and oil top of thla 
iwper laid another short of coiMS-r, on one side of which 
nos a (lc|toslt of polonium, lie showed that tho leak¬ 
age from the eleclnweope wns Hbout three times as fast 
when tho polonlnm deposit wns next to Ihe paraffin as 
when the plate was reversed upside down. 

There wns another aulwlauciv Ihe lecturer rontlnnod, 
which became a conductor when cxiswed lo RBntgen 
rays, but ho would not claim Lhal this was a simple 
enae of Ionisation, although probably closely oounoeted 
therewith. He referred to the action of RSntgen rays 
on a selenium cell, which under tho action of the rays 
had Its resistance very largely reduced. The cell was 
mndo by cutting a scries of equally-spaced notches on 
I he opposite edges of a atrip of mien, the most con¬ 
venient plan of doing IhU being In chimp the mica bc- 
Iwcou two plccca of brass, turn up the whole ou a lathe, 
and finally cot a screw-thread of 1 mllllmcler pitch. 
Around the atrip thus formed were wound two coils of 
wire, the two wires resting In alternate notches. The 
whole wna covered with selenium nnd wormed until the 
selenium flowed over and filled the Interspaces between 
the two windings. It should be noted that It was only 
the crystalline form of selenium that was sensitive, and 
Ihe attainment of this state was Indicated by the sp- 
prsranco of the selenium, which In the cryrtaJUne con¬ 
dition was slate-colored. 

Taking s cell thus formed, Ihe lecturer placed It In 
a light-tight box, coupling up one coll to a voltaic cell, 
nnd the other to the terminals of a galvanometer. On 
expoelng the box to the sett on of RBntgcn rays he 
showed that the deflection of the galvasoater was 
notably Increased, the reeUtauce of the oeU beti» (a 
fact, diminished to about one third of Its original value. 
Hraat aa was the effect of the Bfiotgea rays oh the cell 
that of light was, he eonUnoed, very much greater, a 
lighted match brought near the cell eaaeluf a very lags* 


deflection. Many practical applies Urals of thla property 
of selenium baa boon proponed. Including a method (or 
the tranamlarioa of photographs ta te graphtea By. 

Resuming, the lecturer raid that It would be aeon 
from the foregoing that hr the action off appropriate 
agents we could get eondwtivttr ta hqalds and Mfck 
as well as In gases. Indeed, we should expert that it 
ought to he easier to affect a Mparation of tba positive 
and negative charges In the caw of liquids than In that 
of gases, or, rather, than In the case of the tndtvtdual 
molecules constituting the gaa. The electrons or corpus 
dee Inside the molecule might be looked on aa exerting 
a certain pressure, tho Intensity of which was peculiar 
to the i«rticular element under eonaldereriott, Thus, 
with iron Ihe pressure had one value, and with copper 
another. If an atom of the one were put ctone to an 
ntom of the other, the fact that the Internal corptucalar 
prweure was different In the two stoma would tend to 
make corpttacles pass from one to the other. 

What waa it prevented thla flow of electricityT A 
transfer would moan that the one atom would be left 
positively changed, and tba other acquire a negative 
charge, so that the two would be equivalent to the two 
Coatings of a Leyden jar. Now, when a Leyden jar w*a 
riuirged with a definite quantity of etectrlaity, tbo 
larger the jar the smaller was the work required to 
charge It, this work being, in fact, inversely propor¬ 
tional to the capacity of the jar. Hence, the resistance 
offered to tbo transfer of s charge from one system of 
molecules to another would diminish If the Mae of 
cither of the systems Involved was Increased. A codec 
tlou or cluster, constating of a large number of mole¬ 
cules, would thus correspond to a large Jar, and to 
charge U up with a definite quantity of electricity 
would need a smaller expenditure of energy than would 
Is- required by the smaller Jar represented by single 
milk-culm. Hence, it should bo rosier to gskttio elec¬ 
tricities separated when dealing with clusters, or aggre¬ 
gates of molecules, than when dealing with two Indi¬ 
vidual molecules, and when molecules were cloetly 
associated together, as In liquids and sol kin, than when 
Independent, as In the caac of gases. 

It waa not to be ouppceed that every molecule of a 
cluster lost a charge, but merely that the transfer of 
a single charge took place more really when a consid¬ 
erable number were aggregated Into a cluster. In other 
words. It was more difficult for atoms of Iren and cop- 
l*-r to become charged up when brought Into contact 
than for plates of the two metals to dn so. 

When two d is simil ar bodies were brought Into con¬ 
tact, there was thug a tendency to produce electric 
separation, one side becoming positive and the other 
negative, and this tendency was tho basis of the process 
id producing electricity by friction, the work expended 
In the friction providing the energy neererary to com¬ 
plete the separation by tearing the charges apart 

A remarkable phenomenon had been discovered by 
Quincke, who had found that small particles of to]his 
floating In water or other liquids were art In morion by 
an electric field, sometimes In one direction and some¬ 
time* in the other, depending upon the nature of the 
particles, and on that of the liquid in which they were 
suspended. For example, particles of sulphur sus¬ 
pended In turpentine contained In a horiaoatal tube 
could be driven from one end of the tube to the other 
hy coupling up the ends of the tube to a Wlmshumt 
machine. On reveretng tba polarity of the ends the 
particles previously crowded Into ooo end were rapidly 
cleared out and driven to the other end, and stellar 
phenomena could be shown with particlrs irwptoded In 

Consider, Mr Jueeph Mid. nth a nmletetn ttngwn- 
siea aanytng, ray, a negative chergr distributed ovor 
Its surface. Then, on tba adjacent water there. Would 
be a layer of portfire electricity equal in quhntitfc abd 
If any external foree aettd, It would port tbe peoittfe 
•a much as It flailed tba uanotfre layer Meant if tba 
charges were rigidly cumeeted together, (here would be 
M effect let ea a matter ef fort, in aaorteweatto 
paritaUa did more through the Humid, euA tbte waa 
supfweed tote effected hy the tutor layer ut-tfleetfMb 

tkm sUn** part the parttate, .od Mfiji malted * 
renewed hy a frete <*•*» M**d re the water to*, 
rale* whMi rertertd there left totted h* ttexMtfe 
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aadfaw to wUA it nl«ht <mv. Hi* own view m 
ttottf flbe potetekl &SBmwe» between the two eoalliiii 
«u toffiotentiy groat, no motion would occur, and, of 
MQOM) ttoro would ilao bo no movement it this poten- 
Uon dflfereuce »u aero. It wee, Indeed, ■ luptdow 
fitot tbs: maunrameiit made of tbe speed of these par¬ 
ticles (Which was proportional to the potential differ¬ 
ence) (bowed that tbe epeed did not depend on tbe dee 
of tbs particles, but only on the potential difference, 
and the numbers deduced for this were all about 006 
volt; the highest of which he could find a record being 
0.00 rolt lo the cue of copper particles In contact with 


water, This Male of nlnee was Just in the region of 
tbe energy poaeeaed by the particles In rlrtne of their 
thermal agitation, that of tbe particles of air being 1/SO 
rolt when measured on this scale. It was, he thought, 
very suggestive that the numbers found were ell In this 
neighborhood, end It might bo Lhst the seperatlon of 
the charge* which permitted the motion, had to be 
brought about by the energy which tbe molecule pea- 
w eed in virtue of Its thermal notation. Hence, if the 
energy required to nape rata tho two coatings were very 
large compared with the kinetic energy of the particles, 
tho two coatings would be hold together, the particle* 


would not move under tbe action of the electric Add. 

In the Cavendish Laboratory, Mr. McTaggart bad ex¬ 
perimented on tho motion of eloetrifled bubbles through 
a liquid, and, using centrifugal force to steady their 
motion, bad observed their velocities with very greet 
accuracy. An Interesting iwlnt established whs that the 
speed duo to tbe electric field was tho same whatever 
the rhk In the bubble, whether uiygcii. hydrogen, or ulr. 
Possibly this result was due to Ibe (llMculty of getting 
entirely rid of oxygen, very Hills of which might, |ier- 
hajw, suffice to mask any himh-IHc velocity. 

(To be ronvtuicii.) 


Tide AwJjab-A Staple and Inexpeuive 

Apparatus* 

My Braeat W. Brvn, P.R.8. 

Tub object of this paper la the description of an ap- 
parstns for the analysis of tidal obs er vations which 
anyone may quickly construct for himself at an expen¬ 
diture of a dollar or so. Darwin’s well-known appa¬ 
ratus' has disadvantages which be himself recognised. 
It consisted of stripe of xylonite on which the observa¬ 
tions wen written, and of guide sheets carefully printed 
to show the positions In which the strips were to be 
placed for tbe evaluation of any particular tide. He 
had these made for a year’s observation* and shout a 
duarn different periods; each sheet eras to serve for 
eeveuty-four days and there were thus some sixty large 
sheets to bo used. 

The device described here is Intended to obtain pre¬ 
cisely tbe same result as that of Darwin. The strip* 
are replaced by endless paper bauds and the guide 
sheets by simple Instructions for srrsngtug tbe bands 
and for testing the correctness of the arrangements. 
The simplification la partly doe to the Introduction of 
adding machines, now In practically universal nse where 
Urge manes of additions are to be performed. With 
them It U no longer necessary that the digits should be 
very accurately In column for onsy addition; so long 
aa the complete numbers are sufficiently nearly In a col¬ 
umn aa not to be confused with numbers In s neighbor¬ 
ing column, the operator has no difficulty In following 
his work: with accurately ruled paper, however, the 
numbers can be put Into accurately placed columns ns 
easily as In Darwin's method. Nothing else In the de¬ 
vice requires any great earn As its sn cce m rfu l use 
depends mainly on small details, T have described the 
latter somewhat fully. There la also another reason 
for this. Bxperlence has shown that a considers bio 
proportion of tbe time of the operator la often taken up 
with tbs arrangement of his work, frequently more 
than the actual calculation. There Is thus more oppor¬ 
tunity for the saving of time and trouble and conse¬ 
quently expense (which Is now tbe chief factor In re¬ 
ducing tidal observations) by the simplification of tho 
arrangement of the work, than in any other port of It. 
An apparently trifling detail In operation may make the 
difference between success and failure In this respect 

The materials required are ruled paper, sbeeta of 
cardboard, pa par cutter, a few brads and double-pointed 
tacks, and s beard. 

The ruled paper should be of good quality with 
smooth finish and not so heavy ss to prevent It from 
folding easily. Tbe horiumtally and vertically ruled 
1 litre are to be uniformly a quarter of an inch apart 
This sise permits two figures to be written In each 
squire with no parts of the figures projecting over tho 
ruled Unas. 1 Its width Is to be 10 Inches (73 squares + 
an Inch overlap) and bright at least 8 Inches (.82 
squares). 

The cardboard should be telriy flexible so lhst If bent 
Into an an* whose height Is sboot one sixth of the 
base, It win not tend to break and will return to Its 
original form when released. Tbe height of the card 
should to stoat 13 Inches, Its width rather less than 0 
inches. The latter mreraremeat Is to be such that 
when two sheets Of the ruled pat** are folded closely 
over it one edge of the outer sheet shall eome accurately 
over tto ruled line on the sheet 18 inches from that 
edgsi 

A cover to tto cardboard Is made by folding a sheet 
of tto stow Hod of paper (ruling Is unnecessary) 
rioMy OV«r It end posting tto edges together, care 
bring token that tto cover does net stick to tto card¬ 
board. If tto latter to beat a Utile tto cover can easily 


't A oanvsnlaet paper cutter Is that used to trim pbrio- 
greptoi tt mast to large enough to make a 6-lnefc cut 
>W trod* ore drived htogtotird so ns to form s 

' •**,*»» Atef.4. teH*,> ISM. to. Papers. v«i. t, 

bstuore roM ism a tetter snMe 
"Mt*«n rimer refines, (drily 

nf asvarel dtete ■ 



rectangle about 8 lncfaee by <1 Inches. They should be 
a little Inclined Inward along the direction of the 8-Inch 
Hides of the rectangle. The rtoublc-imlntcd tucks are 
partly driven In dose to the brads with their lengths 
In the hr me direction, so thut when the sheet of card¬ 
board Ih bent h ud Ibc edge* placed lid ween tbe puli* of 
brad* It will roam In Iwiit uud will lm slightly rslHcd 
alMive the board, Hach brail nnd lack may be ropluced 
by a small wood Htop nailed to the lioord. 

In Darwin's scheme for the analysis of a year's ole 
Hervatlons, honrly heights are used. lle nl*o suggested 
that such units should bo adapted (e. g„ lentils of a 
foot or Inches) that all heights could lie expressed by 
two digits It I* convenient to dem-rlls* the use of the 
apparatus on this basis, although there Is risim for fiair 
digits If necessary. Tho twenty-four olwervnttniiH for 
the first day (day 0) are written In every third square 
of the top line of the rnlcd patter beglunlng with the 
third *qimre from the loft and ending with tbe Mevenly- 
seoond. The second ami succeeding ilays are similarly 
written In the following line* up to the end of the first 
block, which, for the solar tides, contains thirty day*. 
At the end of Mvcrnl of the blocks one day of observa¬ 
tion* Is not used for thtMC tides: H must, however, lie 
Inserted. Thus, twelve sheets contain all the otmervo- 
tlons: these may lie written In. as they are measured 
from tho tide curve. They are then summi-d acenrillng 
to Darwin's published Instructions, both hortimitally 
ami vertically, and the results used for the analyst* of 
the solar and long-period tides. 

For this and future arrangements, the number of the 
dny Is written In red Ink twice on each line In any one 
of the unoccupied squares, once between the left edge 
nnd the ol«ervntlon for llh and once hetwren the ob¬ 
servation for llh nnd 23h. A pair of single red lines Is 
ruled so ns to Inclose all tbe observations at Oh nnd a 
lwlr of double red line* to lnelnso nil thorn at 12h. 

The observations have now to be regrouped so as to 
give nn analysis for mean lunar time. For this purpose 
tbe first sheet Is placed face down on Hie table and the 
two edges folded over so Hut the left edge com™ on 
hi tbe ruled line following the olwervatlons at 23h. It 
Is pasted In this position by using tho Inch overlap, 
care being taken that the luslde portions of the paper 
do not stick together; the position of the folds Is lrninn- 
torlal. The folded sheet Is then placed on tile paper 
cutter nnd each day of observations Is cut off; It will 
form s closed band. Tbe first thirty-seven of three 
hands are placed In order nn the paper eover, previ¬ 
ously made, by bending tho cover In one hnnd Slid slip¬ 
ping the bands on with the other. The eover carrying 
tho bands Is then flattened out and the sheet of card¬ 
board bent and slipped In. The remaining nine cards, 
each carrying thirty-seven days of observation, are 
treated In the same manner. Thus the whole year's 
observations are contained on hands stretched over ten 
cards. 

The hands have now to be arranged In accordance 
with a schemo made out In advance. Suppose that tbe 
arrangement required Is snch that the observations at 
the following time* are to be brought Into tile same 
eolurnu: Od, 0b; Id. lb; 2d, 2b: Sd, Oh: 4d, 4h: fid. 4li: 
and so on. The first card with cover and hand* Is hent 
and the edges placed between the brads on tho hoard, 
care being taken that a land does not rest on the tacks. 
Any band Is then easily movable sround the card; It 
can he rapidly and certainly brought Into any position 
by fontly prewdng on It with a plecn of soft red rubber 
and sliding It to the right as required.' Tf (he hand be 
pinched oter the edge of the card when It Is brought 
Into position It will remain there while tho other bands 
are being placed. Tto card and cover being about 12 
luchea long and the sum of tbe widths of the thirty- 
seven bands bring only 9.25 Inches, there Is ample mom 
for the movement of the bands, It bring not n e c e ssary 
that they should lie very close to one another.' Tho 
remaining nine cards bring treated In tbe mme way. 


• If aUd to tbe kft there my he trouble owing to tbe lurid* 
sorted edges ot tbe baad catching on tbe edge ot tbe cover. 

• It tte cover be Bide of fairly stiff ptper. tbe earth end 
the board MI be dlapsssed with sad tbe bonde own*) by one 
bate wkfla tbe otter bride tbe cover. But this earth od Is not 
gotta ss post ret nt for oas. 


the nhw-rvaHnii* are ready for tbe summing which give* 
the M series of tides. 

The other rearruiigcmcuU follow a aluillur process; 
a setwrate ncI of Instruction* for the ordering of the 
bands Is given lo the oiientor for each arrangement. 
After the process I* completed the card* are sllpissl out 
of the cover* lurrying tin- InhiiI*. mid the latter chii hn 
Htonsl away In mi onvclujio on which It Is only neces¬ 
sary to write the jiur nnd (lie port, Tho olmervatious 
luire I tin* only been written once and are always avail 
aide for faturo reference. 

If the observations hn typed on to tho sheets, tho di¬ 
mensions of the npiianiliiM may lie conveniently reduced 
III the ratio 3:2. 

It remains to explain the lust ruction* to he given to 
the oivrutor. The single nnd double pairs of red lino* 
anil (lie number of the tiny lire Ibe gulden; unn pair 
and one dny numls-r will be found on each face of the 
card when tho hnnda are placed over It. Define “no 
step” for any day aa a ca*p when the observation at 
till on II* hand Is Immediately under Hint for nh on the 
linitd next above, nnd the “one nlrp loft” when Hint at 
III In Immediately under that at Oh on (he band next 
sisive. Hlinllnrly for “one step right." The words 
“left" and ''right.'' need not he reis-aled since there are 
never both left and right steiw with any one tide. Tho 
liiNtrnctlons to tho operator eoualHt only In giving to 
him the step for each dny. nnd some other fact which 
will enable him lo test hi* work. The method of ob¬ 
taining the Instructions and the lest will he explained 
by giving In detail thone for whal Darwin calln "mean 
Innnr time." 

The speed of tllla time III degrees tier mean solar hour 
D H.#.tfiil degn-c*. It therefore move* 347.Wtn25 di* 
green la twenty-four hour*. This, on division by 15, 
shows that 23.187283 mean lunar hour* are equivalent 
to 24 mean solar honr*. As we ran only use oboervn 
tlona at exact solar hours, the position of the band on 
day a 1* obtained by finding the nearest Integer to 
(»+ W 23.187288, 

the approximate coincidence being ninde In the middle 
Il2h) of each day of nlwrvatlnn. Thus, for days 1, 2, 
3. 4 the red linen must tn> one step left of Iboae on the 
previous days, respectively, for day 5 no step, for days 
(I 7. 8. n. 10 one step left, for day 11 no step, and so 
oil. The whose serif* Is obtained by converting 0.187288 
Info a continued fraction Tile successive eonvergents 

1 . 2 , 3 , 53 , 1«2 , .. 

5 11 HI 283 8(15 

Tbe third convorgput shows Ihnt the nun-endvc (Mb, 

.Hh, 5th days are lo be nn step days, while the fourth 
convergent shows that for 283 days there must he eigh¬ 
teen case* In which the no-*lcp dny I* the (llh nnd 
thirty-five rase* In which It I* the r.th (18 -+- 35 = 63. 
1-8 X 8 + 35 X 5 = 283). Wo have thus the nerte* 0. 5. 
5, repeated seventeen time*, then 8, 5. and flnslly 0. 5. 
5. lo the end. The above examination or the first eleven 
dny* *how* that Uie first no step day I* day 5, the next 
ilny 11, which facts give the start of the a. 5. 5 sort™. 
I'- 1* easy to run through and find llio ils,* on which 
Oh comes Into the flrat column. Thus the Inst ruel Ions 
to the operator are a* follow*: 

“Place each hand one slop to the left of the previous 
hand except on the following days when no step Is to 
be mode; 5, 11. 18, 21, and thereafter the Oth, 5th. 51 h 
In succession until the no-step day 277 Is roachcd. The 
days 283, 288, 204, 201), 304 are no-step days and there¬ 
after the 8th, 5th, Mb In succession until the end For 
testing tto arrangement, note that the ohacrrallon* st 
Oh for tto following daya are In the same column: 0. 20. 
58. 50. 88, 118, 147, 177, 208, 230, 2(13. 295. 321, 351." 

.similar Instructions may be made out for tho other 
iwriods. 

This apparatus la more convenient for tidal nnnlysln 
Ilian that which I described* some year* ago nnd which 
ha* been continuously In use for the synthesis of the 
small terms In tto moon's motion which are to be In¬ 
serted In tbn lunar tables. It Is not. however, applicable, 
like Iho earlier device, to general harmonic analyst*. 
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Making Museums Useful 

What an Active Curator Can do for a Small Collection 


By Hurlau 1. Smith, Geological Survey, Ottawa 


Koh ninny yi-nr* wo have all lu-anl nil almost constant 
complaint from museum curators and others interested 
ill museunui, that then 1 aas not siinicieiil money avail¬ 
able for the purcliase of H|ieeimens, Ihe cnvlion of the 
desired building, and the building or esses. It is true 
this complaint was not always, though often, made os a 
sort of apology for the lack of arrangement and labelling, 
the preseneo of dirt, and Ihe failure of Ihe museum to he 
very useful to tho community, nr oven interesting to the 
average visitor. Some museums s|smd thousands of 
dollars for speeimens annually flir many tears ill suc¬ 
cession, wlulo their exhibition halls lack sufficient lalwls 
uf all kinds, anil especially tho general divisional labels 
and case lalwls which are among the lirsl uisshsl to make 
a museum useful to the public. It wore Iwttcr to buy a 
.1 cent Issik to read. After all, a museum may better do 
without many specimens than to bo lucking in the must 
essential lalwls. One specimen sueh as a diamond or 
elephant may not only ejist more than thousands of 
equally instructive specimens, such as a piece of coal or 
a kernel uf corn, but will use up more of a museum’s 
funds than would be needed to completely lalsd a large 
part of a great museum or an entire small one. Hu many 
institutions wastu so much timu in discussing what 
nolur, and weight of nardlmanl or other material will 
he used for labnls, that many years |>umm before any 
exhibit is adequately labelled, whoivas it would Iw better 
to label it' with written or typewritten labels on any 
kind of paper, so that the present generation may get 
useful Kernel* from the exhibit, and to replace these 
tentative lalwls whenever a hotter kind has Issm found. 
In this woy eontomporanisms generations may derive 
benefit from the museum, which under the usual exist¬ 
ing method is lost to them through providing for future 
generations. Personally, I doubt if those who follow 
these methods will deliver the heneffts promised. 

Waiting for a tire-proof or permanent or lurgur build¬ 
ing is ourtaiuly a waste of lime. I once know of a pro- 
feaaor who onmplained that he could not teach a number 
of interested students booauso ho had no class room, but 
I believe I eon recall hearing of certain great toochen 
of antiquity, who taught their disciples by tho road¬ 
side, without either class room or plsoe to lay their 
heads, and this idea also applies to museums, for after 
all, the whole outdoors is tho best museum. A corner 
in every school-house may bo a museum; a nook in every 
board of trade building may servo tho same purpose; 
evon the Sunday school room may have its littlo museum. 
Much may be learned in both ohurehoa and saloons. A 
cheap Inflammable building may be a more useful museum 
building than a fire-proof structure ousting millions. In 
an inflammable building it would not be wise to store 
valuable material, but in it oould be displayed labels, 
pictures, maps and books illustrated by such ohoap and 
common specimens as elm leaves, squash semis, broken 
pebbles, English sparrows, mioe, and tho skull of a dog. 
A museum of sueh siweimcns neonmpaniod by appro¬ 
priate labels, books, maps, ploturvs and models, might 



easily be of more sendee In a community than some 
existing museums costing say ten times u munh. 

Cases in whinh to put speeimens delay curators not 
months hut years. Kind there is tho discussion as to 
what kind of a ease and how to make it dust proof; 
wliat the material, and the color of the background. In 
this way, while walling for oasos, years go by. People 
whu would use the museum grow old and die. Children 
who have time in their receptive condition of mind to 
profit most in tho musoum grow up and have their 
tune otherwise occupied. As a matter of faet, all these 
lieople oould have gotten tho maximum amount of bene¬ 
fit from the museum, had the speeimens boon exhibited 
without any ease at all, on tho wall, on tables, on the 
floor, or evon out in tbs big out-donr world, had there 
been sufficient anil appropriate l&lwlling. 

No doubt llui background should he carefully con¬ 
sidered, and that certain colors are better than others. 
Perhaps tho relationship of colors or general harmony 
and the relationship of light and a subdued quietness uf 
color are of extreme importance, hut visitors in a mu¬ 
seum where the eases wore entirely whitu have boon In¬ 
terested and obtained useful information some time before 
noticing whether the eases were white or black. 

Tho museum of the Natural History Society of New 
Brunswick, located at St. John, has a comparatively 
small amount of money to spend each yoar, and its 
curator has not hod the great amount uf university edu¬ 
cation and travel enjoyed by some curators of larger 
and richer museums. In this his museum is perhaps 
fortunate, for in so far as his funds permit lie is actually 
pulling in force some of the inosl up-to-date museum 
methods, lie lias insufficient help, a comparatively 
poor building and miserable eases, yet he carries on Held 
research, oonduuLs a lecture course for adults and one 
for school children, giving two lectures per week during 
the school season, takes out large parties of young people 
tO'invostigntejand study in the field, issues some publica¬ 


tions, identifies material oollootod by school children and 
sent to him by their teaoben, and provide* the teacher* 
of the schools with nature study leaflet* suggested by the 
objects rent within 24 hours of their receipt. 

Every fall when tho Canadian Pacific Railway sup¬ 
plies two earn filled with oxhlbits under the auspice* of 
the provincial government of New Brunswick, to he 
drawn over its lines and side tracked for a few hour* at 
each station where an audience may be had, this live 
curator accompanies the train. One of tbs can usually 
contain* exhibit* of plgi, chicken* and other live stock; 
the other exhibits relating to agriculture, sueh as bees, 
nursery trees, cream separators, and whatever th* 
Government experts consider may uplift the agriculture 
of the province. Our curator friend Installs material 
from his museum, supplemented by specimen* oolleetsd 
for the purpose. Thoso specimens show such thing* 
as birds which benefit the farmer's crop*. Insect* which 
damage them, and drawings whinh he hastily makes 
with ohoap materials, but which may be fastened up 
around the walls of the oar or hold up while ho lectures 
to the rural audiences on things which will make their 
work more suooemful not only to themselves but to their 
province, and which will make their lives more inter¬ 
esting and pleasant while they are at work. No oold 
blooded corporation like the Canadian Pacific Railway 
would furnish a two-car train, man it and haul it for about 
a month each year, did they not helinvo it would make 
the people who visit it more prosperous, so that they 
might spend more mnnoy in shipping freight and traveling 
on the railroad. Ho has hod an ordinary carpenter re¬ 
model some of tho antiquated casus, cutting off the 
ginger brood and reducing tho amount of frame (n pro¬ 
portion to tho amount of gloss, and as fast ss his funds 
permit, ho is carrying out this sshoiqe throughout the 
museum. But more Interesting to as in the present 
commotion is the cheapness of the cases which he has 
had built as a beginning towards those which he in- 
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Modi to ban throughout the museum for the hooting 
of isstrnotive and ueeful exhibit*, hi* Idea being that 
while these eases are not all he would desire, etill they 
Mm the purpose so that the public, both old and young, 
both eetentkt and layman, may derive benefit* from the 
museum until such time as lie ha* aenurod fundi for 
Ideal eases. 

With this Inspiration and having In the Hooky Moun¬ 
tains Museum need to build at least one ease and in¬ 
stall it within three weeks, 1 designed a cheap case for a 
■m»n museum or a museum having small funds. 

Any ordinary houao oarpcnter can make such a rase 
at an extremely low eost. The materials may he ob¬ 
tained wherever window sashes are to be had. All the 
woodwork may be out to sizes at the local mill, and this 
Is espeotally desirable where a lame numlsir of eases 
are to be made, as It will save much of the expense of the 
carpenter work. 

The kind of wood and molding may be varied accord¬ 
ing to what is cheapest and most easily obtainable, 
care being taken, however, if any molding is, used to 
choose that which is simple, dignified and will not gather 
dust. It may be desirable to lut the size of the gloss 
panels and even of the case depend somewhat on the size 
of glaze that can be obtained. 

The advocating of a cheap case, its manufacture, 
installation and use, in no way militates against advo¬ 
cating the beet and most expensive earns on tlin market, 
but on the contrary paves the way for them. The mu¬ 
seum that waits to be useful until it can liave cases 
costing many hundreds of dollars each will probably 
wait a long time for financial support. The museum 
that tcaohes and otherwise becomes useful to the public 
with dean, noat, though cheap cases, will gain the sound 
financial support which it deserves, at least as soon 
as the present generation of children grow to positions 
of authority. 

One form and aizu of this ease Is practically a simple 
box 5 feet wide over all, with a window sasli screwed 
on as a cover. The sides of tho case may be 7/H stuff, 
1 foot wide and 7 foot high. The top and bottom of 
the same stuff 1 foot wide is sot in about 3 indies more 
or leas from the ends of the aides. These four boards 
constitute the liox frame without front or baok. A 
pieoe 2 Hi inches wide is nailed across from sidu to side 
at the top and bottom of both front and baok to strength¬ 
en the frame and to cover the space above and below 
the top and bottom of the earn; the lower ono also servos 
as a support upon which the lower odge of the glass 
front and glass or wooden bank frames may rest. This 
2% Inch strip only partly oovers the odge of the top and 
bottom, iu that the screws holding tho front and hack 
may be screwed into the top and bottom, but also so 
that there may be no oraok or space left at the outside 
of the top and bottom of tho cano. A kicking molding 
may then be put across at tho bottom, both front and 
book, but it should not project beyond the ends of the 
ease, as this would prevent several oases being planed 
(close together) end to end. In short, the ends of tho 
ease should bo flush. A board is next put over the top 
of tbe ease to keep dust and rubbish from gathering in 
the spaee outside of tho ease lop, and to glvo the oase 
finish. This board should projuot an inoh or two in 
front and behind, but aa in the ease of the kinkboard 
should not extend beyond the ends of the ease. A mold¬ 
ing may be placed below thie top in tho corner between 
it and the 2>j inoh strip across the top of tho front of 
the ease aooording to taste. The general label may then 
lie fastened on this molding, on tho 2>$ inch strip, or 
from the oover of tho ease to tho ineh strip. In fant 
one purpon for having the case extend above tho top 
<rf the exhibition space, that is above the top of the 
(lass sash, is to provide this spano for a case label. Ou 
the other hand a caso label may bo painted dlroclly on 
the 2H ineh strip or the sash. 

The front of the oase is mode of a simplo window 
M*h, such as rosy be obtained in any town where a sash 
and door factory exists, or for tliat matter where houses 
are built. It is fastened with round headed surews 
engaging the edge of the aides and top of the earn, tho 
frame rating upon the 2H inoh strip across the lower 
part of the eaae. By screwing the frame on, it is not 
neeeaaary to go to the expense of hinges and looks. The 
screw holes may be soaped, waxed, or motal sorow sockets 
may be used if it seems desirable to go to that expense. 
A screwdriver serves as a key. Moreover, by drawing 
the screws tight, the case may be made as near dust- 
proof ■■ Is nsooMary in a ■"■all museum. In fact much 
more fuss is made about dust-proof rases and about 
getting fine «— than about using them after they 
are obtained. A little attention given to wiping out 
Maas, -'-inr'-ir speslmea* and looking to the upkeep 
at the s peghnara in most eases would be cheaper and 
quiekar giving so muoh attention to dust and 
insest proof Mass. Moreover, going over the specimens 
any ones a year tor neb a purpose, the curator oould 

wUeh hs ooutd then do to Improve tbs uerful- 
aSMof Us exhibit. However, ootton tape or winking 


•et in a plained groove may be added to exclude dust if 
desired. 

Tho glass should be in the largest places obtainable, 
up to the full sixo of the frame, and where more than one 
piece of glass is required preference should be given 
to running the mullione horizontally so that they may 
the more often fall opposite a horizontal shelf edge in¬ 
stead of vertically across the lino of vision. It is hardly 
necessary to say that the glass should be of the best 
quality which the museum can afford, and certainly 
should be free from blobs and other blemishes. If it is 
sufficiently heavy, there will be no need of disfiguring 
signs requesting visitors not to lean on tlie glass. 

Shelve* may be eut about 1/8 of an inch shorter so 
that they may be moved easily and may rest upon 
round headed screws or still bettor on screw eye* tumid 
horizontally, one at each comer of the shelf. When it 
Is necessary to raise or lower tho shelf these screws an' 
easily ehanged and the holes may tie puttied up and 
touched with color, although if loft they will no moru 
disfigure tho caso than the ordinary rolohrU used for 
holding shelves at various heights. The ruse may be 
stained or painted with a dull finish, certainly not a very 
glossy varnish, perha|M preferably with a thin wash, 
to give it a somewhat neutral color in harmony with 
that of the walls of the building in which it is to stand. 

The hack of the case should certainly be put on in 
the same way as the front, so that if it is ever desirable 
to turn the case at right angles and have gloss upon both 
front and back, the bock may be removed and a glass 
frame may bo put on. If tho book Is to be solid woodwork 
which is perhaps desirable where heavy things are to bo 
hung from it, care should be taken that it is built so tluil 
the expansion and contraction duo to cliaugcs in the 
weather or the heating of the building may not strum 
tho rat of the ease. Perhaps us good a way as any would 
be to let the liack of llui case be a frame with coinpo 
Isiard, as the eom|Ki Ixuu-tl could lie replaced at any time 
glass was desired. A diaphragm set baek against the 
rear frame would nerve for heavy objects ami could Ini 
covered with burlap or print paper, as desired. 

When tho case has gloss front and back, that is when 
tho exhibit is to bo viewed from two sides, or when it is 
not desirable to use the full depth of the case for (ho 
exhibition on hand, a diaphragm alsmt 1/H of an inch 
shorter and narrower than tiiu msidu of tho case may be 
inserted at auy distance from tho front of the oase, and 
held in place either witii round headed screws through 
the sides of the case or with email angle irons in front 
and behind tho diaphragm. This method of fastening 
the diapliragm allowi it to bo adjustosl or removed in a 
very fow minutes with practically no waste and no 
unsightly scan whioh could not lsi rotoucluxl with putty 
and colored. 

The oases should lie made iu uniform sizes or nmltiplo 
sizes, like sectional book eases, so that they may bo 
moved about and re-assembled, for iuslanoo by placing 
two 3 foot cases side by siile to liannomzo with a (> fool 
oase, and so on, or by placing two cases I) inches deep 
baek to Imok to approximately harmonize with a cose 
1 foot deep. Cases should never lie fastened to tlio walls 
in Hindi a way tliat when they are moved the room is 

disfigured, requiring re-plasteriiig of re-painting A 
little forethought along these linns will save a large 
jxirtiou of the funds of museums whlob might b« nmsl 
for other purposes instead of lwmg tlirown on tlui junk 

if it is desirable to let light in one or both ends of the 
ease they may be inode like the front and lunik, lull then 
naro must Ini taken that the frame is large enough to hold 
the screws necessary for supisjrting any shelves used. 
If a diaphragm is used, the screws to hold llui re or cor¬ 
ners of the shelves may be insert!si 111 I lie diaphragm. 

These general plans may lsi varied, llm cases may 
bo made of various heights, widths, and depths. They 
may Ini built with higher or lower bases and lops; or 
again, sltortor cases may be budl and placed upon tables 
or pedestals; cases may Ira HU|wr-im|sisod or Iiiitir upon 
a wall. Very large cases might lie made on thin same 
principal, by substituting frames with gUow in place of 
tho wooden sides of tho oases, it being only necessary 
in such cases to carry tho sidos up and down from tho 
top and bottom of tbe frame in the «*mo manner that 
the front and baok is carried up and down, if the case 
is so large, as for habitat groups, tliat it is necessary to 
have more than one frame, a mullion to which to screw 
the frames may be inserted Ixilweeu tho lop and bottom 
of the iiaso where neoessary, but this should not project 
beyond the sides of the frame. By this moans tlui amount 
of wood exposed to view is kept at a minimum. If 
desired, a molding oan he screwed ovor the crock where 
the frames meet, and if fastened to one of the frames that 
frame may lie taken off first in opening and closing the 
case, which will savo tho trouble of unscrewing the mold¬ 
ing. 

One of the simple forms of these eases. 5 feet wide 
by 1 foot by 7 feet was nlade, with the exoeption of the 
frame and glass, by two earpentow, during the lime which 
they oould take from other work In a single day while 


assisting In reorganizing tho Rooky Mountains Park 
Museum. 

Tlie HjMNnflnatiuns which havo boon made by Mr. P. A. 
Taverner to unoompany this description are for a soma- 
wliat more complicated and slightly more expensive 
case, and consequently a numbor of tho dimensions and 
methods of oonstmotion are slightly different. 

UATKKIAL. 

Lumber —All material in caso pi be of olear, white 
pine, whitewood or other material moat readily ob¬ 
tainable in locality in clear lengths free from large or 
unsound knots or sliakos. 

All exposed work may be in oak or other wood to 
match fittings already installed. 

Hash--To Ini 1 3/8 inch thick of common Htock pat¬ 
tern rails and sljlcs 2 inches wide from gloss to jamb, 
and of sizes ns shown. 

Tops and Hilda—May be of 7/8 stuff with 3/8 by 1 3/8 
inch rebate along sash jamb or may be built up of two 
lliickiii'sses of bj ineh stuff. The inner lining lming 
of matched stuff well nrampod together and blind 

Diaphragm (to lw supplied only whore dcalnsl)—To 
lm of 7/8 melt stuff fastened together with flush end 
st> les well nuilisl to prevent warping. All should bo 
covered, both sides with burlap nr other covering material 
or paneled accenting to decoration or other scheme of 
museum. Diaphragm to Ini held upright and in plaen by 
I nudi by 1 incli by 1/8 inch iron angles screwed to top 
anil lsittom of ease on oithcr side of diaphragm. For 
3-fimt cases there should ho (wo pair of such angles, 
top mid IsiUom, and for tt-fcwit eases there sliould lie 
llinsi such inline Diaphragms may lm moved to any 
Hitiiutinii in I'uso by changing iswitinn of anglus. 

Shelves Shelves for light s|MS'iinnns may be supportotl 
liy screw eyes inserted in ends and diaphragm or mullious 
as indicated on drawings, turning them flatways and 
allowing them to project enough to engage shelves. 
For heavy spis'imeus, iron brackets—stock sizes, or 
Sliroshnsi specimen hungers may lw used whenever 
nisshsl. If a course burlap is used over diapliragm, 
screws may lsi pul in and removed as many limes as 
tiiss'ssury without causing disflgunng scars on the 
surface. 

Base or Moplsiurd -To be stock 0 inch liase of what¬ 
ever design may Is' desired and may lw readily obtained 
at local IttmlsT yard nr mill. 

Ends—All ends of cases to present iwrfisdly flush 
surface, so that two or more eases may lw Imtled to¬ 
gether to appear as one cose without unsightly or dust- 
catching H|iais's Ih'Iwihiii. 

Cases may lm made iu units of uitlicr I or 2 sash. A 
1 sash case will then hu just iialf the Icuglh of the 2 sash 
cases and will hue up with them in series. The sashes 
am to lw fastened in place by 2^ inch brass, round 
headed screws, driven through the sash into tlm frame 
behind. With this method neither locks or lunge* are 
lmcuNsary, and all can lw constructed by an ordinary 
forpcnlcr without siss'ial joinery skill. 

(Hass To he of Bizi's shown and of us good quality 
us procurable The principal fuulU to lie hrakeil for 
lming color, wavia, hubbies or fluws. 

Scientific Exploration In Central Aida 

Fima Dr. F. ilo Filippi the Itoyal (leographiral Society 
has ressiivcd a report on the journey of stdenlific explora¬ 
tion which he has Is™ carrying out Is'l.wocn India and 
Central Asia, under the joint aiispieles of the Italian 
ami Indian governments. The cxiadition lias lasted 
sixteen and a half months, and in tliat time has aonom- 
plidusl work of tho highest scientific importance iu 
Northern Kashmir and Southern Turkostan. Tim 
numerous staff included eminent rtolian men of scicnoe, 
as well as a party from llm Survey of India. 

From the isiliil of view of geographical discovery the 
most interesting result has Iwcn tlm exploration of llm 


iu width, and has an area estimated at over 3(X> square 
miles. 

Tho expedition derives its chief mqiortanvc, however, 
from tlm systematic scientific observations which were 
taken at a series of fourteen staliuns cstablislusl between 
Srinagar and Kashgar. By means of llicse observations 
the gravimetric survey mode liy the Indian Survey 
Department iu the plains of Hindustan has lss*n joined 
on to tlie similar Russian survey in Riisniun Central 
Asia, and the whole hus lwen connected with the gravi¬ 
metric survey of Europe. 

Regular mctimnilugical aud magnet lc observations 
were also token at tlm different stations. By arrange¬ 
ment wftli tbe Indian Muleorological Department, pilot 
balloons wore sunt up simultaneously from the expedi¬ 
tion's stations and from a number of llm department’s 
permanent stations; and by a comparison of the results it 
is hoped to obtain valuable information rapeating tbs 
monsoon winds. —The London Daily Telegraph. 
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The History of Opium* 

Facts Concerning One of Our Most Valuable Drugs and its Derivatives 

By David I. Maeht, A.B., Johns Hopkins University 


Jr thu cull re malerbi uicdlva at our disposal were 
lluilLed lu Lbu I'iiulu! But! uw of only one Uru*, 1 am 
bu re that u great many, It uot Uie majority, of ua would 
chuuau opium, uud I am cumincud Uiut It we were to 
Meleel, eay bait a Uuxoii of tlio moat Importaut druga 
In tbe PhnrmBeupela, wo should all place opium In the 
llret rank. If we were lo Inquire, however, Into how 
laiieti tlio grout majority of the medical ineu know 
ubuiil Uie bhilory of Ihlit wonderful product of plant 
life, which, when Judiciously employed, has proved 
Much a boon to suffering humanity, If we were to auk 
uhuuL Uie origin of some of our rnout familiar rum#- 
dies laudanum or puregorlc, for lnstnucu- -1 fear the 
Information gleaned would be meager. It la doubtful 
wheUier It Ih eveu generally known that opium, eo 
widely uacd In China, la not ludlgenoUN (o that count- 
try, but wiu Introduced there at a comparaUrely late 
dale. Tbla were apology enough fur a brief historical 
sketch uu Uie subject, but a glance at the history of 
opium niul Ita derivatives from tbe earlleat time lu the 
prcHcnt mny teuch ui more. If tlio aim of the hletory 
of medicine la not altogether the recitation of Inter- 
eel lug uucedotce, but rnUicr to trace the progressive 
development of our noble art and science, then la the 
history of nu oilier drug more calculated and better 
lilted to Illustrate the gradnul traiwlllou from the oh- 
ueurlty and mysticism of the undent Ureck-Aputkeke 
or polypharmacy and kakupharmacy to the rational 
thcrapeuUce of tho present day.* 

xasly uisTour. 

The medicinal properties of poppy Juice date from a 
remote period, and yet not so far back In antiquity us 
wu might expect, for the earliest definite and authen¬ 
tic rcfcrcucve to It are found only lu the Greek and 
Latin literatures, of course, recalling the mystic rites 
and highly develoiwd culture of tbe ancleut Egyptian* 
■me la Inclined to Imagine that tho mircotlc properties 
of o|duin were kuonu to them; hut lire Investigations 
of Unger (lbOT) have failed to trace any urqualutuuce 
with opium In Andeut Egypt, and l>r. Umber, of the 
Hcmltlc DepurUueul of this university, tells me he 
kuows of uu reference to It lu Mgyiitbwi literature. 
According to some Hebrew scholars, there lu a refer¬ 
ence to isiiqiy Juice In the llltile. lu several passages 
hi the Old Testament the word ni»A Ih mentioned In 
raiiinccthiu with the word la'annk, wormwood or 
absinthe (Jer. vlll 14, lx 14, etc.). liotk In these pas¬ 
sages Is lu the uulhurixcd version rendered hemlock. 
Ho*k, however, lo Hebrew Is tbe word for “head," 
and so It has been taken by later scholara to mean 
poppy head, uud mc-rduk, or Uie Juice of rdih, ren¬ 
dered by Jewish Interpreters us "im>1hou water,” la 
taken lo moan the Juice of the |K>ppy. This Interpreta¬ 
tion Ills well cuungh In the context, uud further Bup- 
isirt Is given It by the fuel that the I hi I III for poppy- 
lu-adH Is cupula, l’rof. lluiipl Is convinced that rdaA 
IIH-Sim the IHippy, ami ho also la Prof, l’ust, who la cuii- 
Hldcred an niilliorlly oil tlie Horn of Pulcallne. Ill tile 
Talmud wc have one reference to opium, uiHler the 
iiauie ophivn lJcnisiileiulc Talmud, Tr. Abudnh Zarnh, 
4Ue), but llmt word wus clearly burrowed from Greek. 

In regard to Hmwkrll. l’rof. M. Hlomutlcld of the 
Sanskrit ileiiurtmeiil of tbla university tells me that 
opium Is not at Inline In India, and so In the claaslcal 
Hindoo literature (Urubtnuulcal, Huddhlst, Jluiat) 
l Imre la found no reference lo 1L From the Uue of 
tlie Mogul Conquest on them appears a word Kkatk- 
khank which means poppy-seed, end Kkatk-kkatka- 
rimn, juice of the poppy, lu this It Is cany to recog¬ 
nise our modern wisxl huahltk; and so It seems that at 
Hint curly dale the narcotics opium and cannabis Indksa 
were confused with each other. 

Ill modern Sanskrit lexicons there are found the 
mimes apkrna and nki-pktna applied to opium; apkena 
strictly means -fuum,” and akl pknu, “serpent's foam.” 
As llicsc words for opium do not occur In any literary 



1 In the preparation of this manuscript tho following as- 
thurHIes hove boss frequently consulted (lelsslsr and MSl¬ 
ier : Beal K u cy eloped I e der llnamoiten Fhannacie, c-q-< r 
lKsd-iatll. Plleklger and lUnbsry: Pbanaaceanphla ST 
History of Drugs, 1874. Bln-: New Remedial, 1870, p. 138. 
Joses, John: The Uystrrles of Upturn Revealed. London. 1701. 
Uiunacbt: KlnfUurun* In das Htudlam der Alkokdde, Barilo, 
1MM. Thompson, C. J. H.: Tbs Uystiry and Bomnaea of 
Alcbsay sod Phnnum-y. 1803 Jefreys and Maxwell: Ma¬ 
caw of China, ltMM. 


ducuiucnt, L>r. IlluomOeld suspects that they are tbe 
llugllsb uirium “sophisticated by what ta known as 
imptilnr etymology." 

Tbe origtnal home of the poppy waa In Asia Minor. 
From there It wu carried to (lrecce at a later period. 

The name opium is derived from the Greek i«4< or 
"Juice," From this word were later formed the nshrew 
opkion already mentioned, and more particularly tbe 
Arabic a/-ye*, which has found lti way Into other 
Asiatic languages. The Chinese name for tbe drug 
o-fu-pung (and lta mudlffcntioua yo-jrtm tod opkn ) are 
not of native origin, Imt are all derived from the Arabic. 

It la nut at all certain whether Hippocrates was 
acquainted with the Jnlce of the pappy. According to 
Tv’ooUon, be refers to a substance celled mocon, to 
which ho attributes a purgative u well u narcotic 
uctlou. Home think that It waa opium; others believe 
that he wu referring tu another plant In any cose, he 
made but very Utile use of the drug. 

The Ural authentic reference tu (he milky Jnlce of 
the poppy we find by Theophrastus at tbe beginning 
of liie third century' B. C., when he speaks of It an 
liipusvtov (meoonlon). 

Hcribonlus Largos," In his "Composition!* Medlca- 
mentorum," about the year 40 or tbe present era, de¬ 
scribes the method of procuring opium from the cap¬ 
sules of the poppy, and about the year 77 of tbe ume 
century Dloacoridoe make* i distinction between tbe 
juice of the capful ex which he called l«4t and the ex¬ 
tract of the whole plant or wqxuvf'ov, which he regarded 
ns loss active. He describes the method of Incising tbe 
capsules, and refers to adulterations of tbe drag with 
the milky Juices of other plants, such as Lactuca, ao 
that from bis statements It la evident that the collec¬ 
tion of opium was quite sn Industry In Asia Minor at 
that time. He ulse describes the preparation of a syrup 
of popples or dia-kodion, which Is the original of tbe 
syrup of lmpidea of the German and other Fharma- 
eo]N<las to this day. 

Pliny devotes some space to a description of opium 
nml Its medicinal use, and the drug la mentioned ro- 
lieatodly as lacrima patmperis by Celaua In tbe first 
century uud by unmerous other Latin writer*. Galen 
s|K>ke eulhiislsstlcnlly of Ihe virtue* of opium confec¬ 
tions, and the drag was soon so popular In Home that 
If fell Into the hands of shopkeepers and Itinerant 

The Introduction of the drag to the natives of the 
Hast wus through the Arabs, and In the first Instance 
to Persia. Its Introduction Into India seems to have 
lieen connected with the spread of Mohammedanism and 
wus favored by the Mnluiimnedan prohibition of wine. 

The Arabic physicians used opium very extensively, 
and even wrote special treatises on some of Ita prepa¬ 
rations. Tho most celebrated of them, Atra-l-sll-lbn- 
Nlna, more commonly known os Avicenna (981MU37), 
renanniMMlMl It especially In diarrhea and diseases of 
llw eye. A vice mm himself Is said to have met death 
from an overduse of tbe drag. Heraplo (about 1UB0) 
used It freely. Hud Malmonldcs and Averroes each wrote 
a treatlno concerning the therlaen, of which I shall have 
wneb more to say a little later. 

Tbe earliest mention of oplnm ns a product of India 
Is by tlie traveler Harbore, lu bl* description of the 
Mulnbnr coast In Hill. A Fortnguose htitorlan. Pyree, 
In a letter to MbuuhI, King of Portugal. In lClfl, spaak» 
of the opium uf Hgyiit and Bengal. It Is from Egyptian 
Thebes that we have the terms "opium tbebalcum" and 
Ihe alkaloid thchain. 

Dplura la suppoaod to have been brought to China 
first by the Arabs, who are known to bar* traded with 
the southern parts of tho empire as early as tbe ninth 
century, latter the Chinese began to Import tbe drug 
in their Junk* from India. At that time It was used 
by them exclusively as a remedy for dysentery. It woe 
not liefore tlie second half of the eighteenth century 
lhut the Importation of opium began to Increase rap¬ 
idly through the hands of the Portuguese, and a little 
later through the famous Bast India Company. In 
INTO tbe English established an opium depot la Lark's 


king (1842) by which Are porta of Chiu were opened 
to forelgu trade, and In 18D8 opium wu admitted u a . 
legal article of qammeree. By that time the Tin of 
opium-smoking bad spread like a plague over fha gigan¬ 
tic empire, and became ad deeply rooted that, la *p4te 
of innumerable edicts end decrees, all efforts to check 
It* growth have been powerless. A poor *Ut of mis¬ 
sionary work by the enlightened West among the 
heathen Orientals! 

I shall not spend hen any more time In tractng the 
history of opium tu China, or In dwelling on the hor¬ 
rors of the opium habit, with lti frightful constipation 
and even more terrible diarrhea, and the physical and 
mental degeneracy to which it leads. Our object la 
rather to follow the use of opiates therapeutically, and 
In Kuropo. 

Hlucu tbe time of Galen, the use of opium was con¬ 
tinued lu a disguised form In virion* concoction* and 
confections containing eo many Ingredients that the dis¬ 
tinction between the Important and useless could not be 
discovered, and the value of the drag was overlooked, _ 
except by a few brighter minds. 

Tbe famous physician of tbe middle ages, Phlllppua 
Aureolus Theophrastus Bombast von Hohenbetm, com¬ 
monly known as Paracolons (1480-1640), owed much of 
his success to the bold way In which be administered 
opium to his patients. He la said to have carried oplnm 
in the pommel of bli saddle and called It the “stone of 
Immortality." His followers were as enthusiastic si 
himself over the virtu of oplnm. Platenm of Basle In 
1UU0 strongly recommended It, and Sylvius de ta Boe, a 
famous Dutch physician, declared that without opium 
he could not practice. The celebrated chemist and 
physician Van Belmont, about 1040; used It eo fre¬ 
quently that he was called Itoctor Opiates, and Hyden- 
hum about 1080 writes that "among the remedies which 
It has pleased Almighty God to give lo man to relieve 
his Bufferings, nans ta ao universal and eo eflkmdou as 
o|iium." 

THE VOCB OVnrlNAL OAHTAU. 

No better illustration of tho widely beneficent prop¬ 
erties of opium end at the Mine time of the hopeless 
muddle of superstition, kakopharmacy and polyphar¬ 
macy pervading the older materia medics end thera¬ 
peutics, can be given than by a brief description of the 
four remedies which are sometimes known s> the four 
officinal capitals, of which Wootton, 4 in hi* “Chronicle* 
of Pharmacy, soys, "There were writer* who ventured 
t > criticise some of tho details of composition, or some 
of the uses mode of these compounds, but the praalbU- 
Ity of medicine existing without them wo* hardly eon- 
tcmplntfld previous to the eighteenth century.” Them 
four standby* or panaceas were the mUkrUatlum, 
tkertam, pkUonirm, and dtascordiem. 

Mlthrldatlum was a confection which derived lta 
nnme from Mlthrtdates Vi or the Great, king of 
Pontus In Asia Minor, horn about the year 1S4 B. C., 
who waa one of the must troublesome fees the Roman 
Republic had to deal with. He was finally defeated 
by Pumpey. This personage ta mid to have been a 
student of poisons, and waa accredited With baring 
Invented or concocted on alexlpbannac or antidote as 
a protection against them, which was named mlthri- 
dntlum after him. The legend gore to say that when 
conquered by tbe Romano, to Mcape capture be poisoned 
hi* wife and daughter! and then took poison himself; 
but according hr th* story be hod eo aocceeefulty to¬ 
rn tral red hi* body to all sorts of prisons that his efforts 
at suicide proved nnjrooceeafnl and he hod to mil on 
one of hta eoldlen to dispatch him. Hence; the origin 
of tbe term “mUhridattam" or Immunisation .against 
tbq effects of a poison through gradual admin tat rotiod 
of assail dose* of lt As fha king of Pontus was sa cr e d 
Ited with haring possessed especial sift to ihe produc¬ 
tion of medicines, his conqueror, Pumpay, took care to 
ranmek hta medical writings and secure whatever hi 
could. Thus, whether from Mlthridstet or not. ■ 
P* nacre bearing Us hem* ftend its way late fetomh 
Utemtun and became very popular. VtrioaemodJ Bra¬ 
ttons ad It were taler made, tbe moat tajmctsnt jft 


Hay. south of Macao, and tbe traffic rapidly locraased, 
ao that very soon the Chinese authorities began to coo- 
plaln, and lo 1820 su edict was tasued forbidding any 
vessel haring oplnm on board to enter the Can turn 
River. A system of contraband followed, then politica l 
friction between England and China, and the aoceOed 
Opium War, which culminated in the Treaty of Nan- 


which was the so-reHed tbertsoa. 

Tberiare waa Invented by WcreecbHi. tto ‘pfcj-sk" 
etau ef Emperor New, and was derided a* an improve- ~ 
meet re mltbridothjm, whloh uutil thre wos the go* 
antidob U Hussar phumagf. ■Th* ore* tmptrtofff 
dlffereuco hstwren the. two wds the UMtttoa of itMWk 
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at thte janao** ware the fciiswtaf: 

■Tt note poise* tod vsooawua bU**, auras Invet¬ 
erate h ee ta+ e, wrtfo, fl ea fn era, ecU*P*7. apoplexy. 
(HUM at right. low of vole*, asthma, cough* of *11 
yt fH MpUUng of blood, tighter— of breath, oolle, the 
iUM port*, jMBdloo, hardneoa of th* tptoan, (tone, 
urinary cmnpUtnta, form, dropsies, leprael—, the trou- 
blot M> which wow* IK tuhjcct, melancholy, and *11 

tboogh *11 thla may aeeai * huge Joke, *11 thaw vir- 
two were accepted down to the teventeuuth century, 
and ptaay learned treadae* were written on the mb- 
ject For tone eeutarle* various cities, such it Con* 
■tanUnople, Cairo, Genoa, and Venice, gained the envi¬ 
able reputation of manufacturing the moat efficient 
theriaea. Later Venice overahadowed them all; and 
the Venice therlaea, or aa the word became corrupted, 
Venice treeote, wma for a long time famooa, and la 
fonnd In the London Pharmacopeia aa late aa 17415, 
Our pretest word "treacle” U derived from tbit con¬ 
fection; la earlier English work*, however, treacto nig- 
nlflad rnnch more than molt wee, and wot used meto- 
phorloaHr for the dlvtneat blessings. 

I am now lulng to quote the Ingredients of Ibcrlacfl. 
at given by Galen, lint to Ulnatratn the curious con¬ 
glomeration of an enormous number of useless drugs, 
and eecondly to Mat to the presence in It of opium, to 
which probably a groat part of lta virtues wtis due. 
The Ingredients of thla, as well at of mlthridatlum, 
wore given In Greek verse. In order that they might be 


BLauTotanin thbsiacauc maomum. 

“Boot of Florentine Iris, licorice, VI ounces each; of 
Arabian rosins, Pontic rhubarb, cinquefoil, (I ounces 
cBch; of lilgustlcnin ineum, rhubarb, gentian, 4 ounce* 
eaeh; of blrtbwort, 2 ouis-ee; lierli of sconlliitn, 12 
ounces; of lemon grass, korehound, dittany of Creto, 
cu la mint, 0 ounces each; of pennyroyal, ground pine, 
germander, 4 ounces each; leaves of liunu enudi, 4 
ounces; flowers of red roses, 12 ounces; of luvender, 0 
ounces; of Bt John's wort, 4 ounces; of leaser centaury, 
2 ounces; saffron, 2 ounces; fruit of amyris opobalta- 
mum, 4 ounces; cinnamon, 12 ounces; catala Ugnca and 
spikenard. 6 ounces each; Celtic nard, 4 ounces; long 

1 topper, 24 ounces; black tstfiiter and ginger, 0 ounces; 
each; cardamoms, 4 ounces; rape seeds, agaric, 12 
on nous each; seeds of Macedonian parsley, (I ounces; of 
anise, funnel, cress, sesell, thluspi, amomum, sandwort, 
4 ounce* each; of carrot, 2 ounces; opium, 24 ounces; 
opobalaamum, 12 ounces; myrrh, ollbonum, turpentine, 
6 ooncea each; storax, com arable, aagapennm, 4 ounces 
each; aaphaltum. opoponax, galbanum, 2 ounces each; 
Juice of acacia and of liypucbit, 4 ounces each; castor, 

2 ounces; Lemnlan bole, calcined vitriol, 4 ounces each; 
trochlsca of squill, 4H ounces; of vliieni. of sweet flag, 
21 nances each. 

‘Triturate the balsams, reslna and gums In a suffi¬ 
cient quantity of wine to form a thin paste, and incor¬ 
porate the whole with 980 ounces of honey." 

PhUonlum was another fntnous antidote, invented by 
Phllon of Tarsus, who la mqipoiied to have lived In the 
early part of the flrst century of the present era. It 
Is conjectured from au obscure pawn go In Pliny that 
this antidote was preuertlied against on epidemic of 
eullc or dyaeutery which occurred In Home In ITiilon'a 


lime. Phlkmlum was the original of Ibe naifectlou of 
upturn which remained In the English phannacotnlns 
until 1887. In the Phnnuacopel LondliH.nsts of 1748, 
the Ingredients of phllonlum are given as follows: 
whit* pepper, ginger, caraway seeds; strained tgilum, 
end syrup of popples, the proportion of opium being 
1 grain In 38 grain* of the confection. 

Uiaaoordtma, the last of the four oflloliial capitals, 
was a madlrinal compilation by Hteniuymus Frascator- 
lua> a Eamons physician and poet of Vernon iu the early 
part of the sixteenth century, and 1* given In hi* book 
"DSOmtagio et Mortal* Ooutagtod*-” It wat originally 
dev lead tt a preventive of the plague. In the eigh¬ 
teenth century It became a poimlar household otdate 
and was frequently given to children for soothing pur¬ 
pose*. The original formula, which waa aduided in the 
Unit London Pharmacop e ia In lta integrity, mentioned 
among Its principal ingredients cinnamon, coast* wood, 
■coedtea, dittany, galbanum, storax, gum arable, opium, 
sorrel, gentian, Armenian bole, Lemnlan earth, popper, 


ginger, end honey. Later soon of th# Ingredients were 
dropped, and the Edinburgh Pharmacopeia made it 
non agMppntJb? adding catechu and kino. The msn- 
jkM fW*lnl Of (hit ftmous panacea are represented 
tet Catechu Comporitus, 

'},.t - ” -.‘iataa'vaiig or onoit, 

• ^ ^n^wggjl ’, powder*, of' catechu and Uno Jnet 
BamUntd arg fc* «u only reHre of indent opium 
In th« Britlak and ear own phar- 

' antk|w extraction, ud tt 


may be of Interest to devote a few words to tbam at 
this plan*. 

Our tincture of opium or laudanum dates from 
Paracelsus (1480-1041). Paracelsus probably applied 
the name "laudanum" to several medicines, all of which 
contained opium. Thla uue historian describes a pin 
mm which be designated at laudanum of Paracelsus, 
and which consisted of one fourth of Us weight opium, 
to which were added henbane Jab's, muiumy, salts of 
pearl* and corals, bone of the hiwrl of u stag, bennr 
stone, amber, musk, and twaeiitlnl oils. 

Another laudanum, known as iiiindynimi Hiwelfleiim 
of Paracelsus, was obtained by digesting opium, with 
orauge and lemon Juice, frog's siierm wider, cinnamon, 
doves, ambergris, and saffron. So much for Hie more 
ancient laudanum. The laudanum of the early Isnidou 
jibarmacopclas waa a pill moot, made of a mixture of 
opium, wine, saffron, castorutu, dtnmbrae, ambergris, 
musk, and oil of nutmeg. Tbe principal liquid prc|ui- 
ratlon of opium used In England a lliile Idler was (lie 
so-called Sydcnlwiu's laudanum. The formula was given 
by Bydcnbum in Ills work on dysoutory In 1860-1872, 
mid called for tbo following ^gradients: strained 
..plum, Biffron, cinnamon, clover, und canary wine. 
About ibe same time, tluit Is, at Ills end of (be seven¬ 
teenth century, miotber preparation knowu as ltous- 
seau's lutHlannm was turn'll In vogue ou the I'oiitliicnt. 
This differed front the other landmuun lu being n fer- 
menteil coiniwuud, and was mimed after u Capuchin 
monk by the name of Ilaniiseau. This holy man was 
sent from Home lo Paris to learn medicine preparatory 
to mission work In .tola, but liecniuc enamored with the 
subject and settled lu Paris lo pnirlleo tint art of heal¬ 
ing. He Imx-uiuh a fuvorlto with Colbert, Ihe mbilster 
of IaiiiIs XIV: rooms ami Inboratory were provkliil for 
him In the Jsinvre, and Louis ordered Ihe Facility of 
Medicine to give him a degree. 

Tbo name "lnudiinuin," ntirlbuled to PanicelNUH, Is 
supposed to be derived from Ibe Imtln "Inudumlum." 
"something to Is* praised.” According to some phil¬ 
ologists IL Is relstod lu gum luhdanum or ludanum. from 
which a Mlmuai-ble cordial wus prepared lu (lu* middle 
ages. Others n-gnnl It as an ablirevlalliai of Ibe two 
words laudotum opium. Still others endeavor lo Ibid III 
It a corruption of the Word uuodysHm with the article 
prefix, that Is, Fanodjmum, or the anodyne, and some 
letter dny plunders liumonntsly refer to It lu bad Imtlii 
Lauda mini "do not praise," which conveys more truth 
than poetry. 

In the early purl of (lie eighteenth century another 
celebrated ophite was the on-celled “hlaek-drop." Its 
Inventor wiis one Phlwanl liunstull of Aurklnud, ami It 
was also known as I.minister or Quaker's lilm-k drop. 
A formula for Its preimrutiou was us follows: Opium, 
*4 pound; verjuice, 4 idnts; uutmegs, 1)4 ounces; saf¬ 
fron. V4 ounce. Boll, add two spoonfuls of yeast, anil 
set lu a warm place for six to eight weeks; then decant, 
filter, and put III tx .tiles. This proa rat Ion was tiireo 
times as slniug as luinlnmim, and la the forelx-ur of the 
Engltb Acetum U|ilL 

Oar other fniulliur friend and pnpuliir household 
anodyne, paregortr, orlglimled with tlm elixir Bstlnuiill- 
cum of Lc Mort, professor of chuinlstry at the Pnl- 
verslty of Leydvu from 1792 to 17IH. A modification 
of Lo Murt's formula given In the London I'luirinn- 
cnpehi nf 1721 whs as follows; honey und lleorloe nxil. 
of each, 4 ounces; flowers of Ix-iiJninln nnd opium, of 
each, 1 dniclnn; camphor, 2 scruples; oil of nnlseisl, 
Vi drachm; salt or tartar, 1 ounce; spirit of wine, 2 
islands. In tile Lssidoo lTiarmtii-o|s-hl of 1748, tile 
name of It wus changed to Elixir Parcgorlcum. In 
that of l.Wi llie offlclsl name became Tlnetiira Oil 
CaraphorHlu. This preiiunitton wiih also known ns Tine- 
tura I'Hmiduirao Co., and lu the tiprmnn Pharmacopeia 
as Tincture Optl Benxoko. The wonl "I'nniroric" comes 
from the Oreok xapipopurdf, wh oh means " sisitbing " or 
"consoling." 

Our uttldal opium pllla, or Pilulne Opll, are not n 
modem product, but are descended from Ihe old Eng- 
lleh Pliable Boponls Company, or Pilnlso Soponncene, 
which In (heir turn nn> an mlnptntion of the long fn- 
mona uoalrum known ns Matthew's mis or Starkey's 
I'llla Blnrkny was a physician who Invented them, nnd 
Matthew was a vender who sold them. The frills enn- 
slstpd nf opium, soap of tartar, nnd a number of other 
trivial Ingredients. 

No ncoouut of the blitory of nnr uidntes ran ho sold 
to he complete without a reference to liovei’s powder, 
nnd Its originator, the adventurer tin] knight errant of 
English mnllclne, Thomas Dover. I shall not dwell 
Wing ou the life of thla Interesting Individual, espe¬ 
cially #s an account of him by Otter* bat already been 
published. Born at Barton on tbe Huath In Warwick¬ 
shire In 1089, be studied medicine, and Id his youth 
lived at the house of the famooa Thomas Sydenham. 
Many have probably read of how be later Joined a 
pci ra tee ring party, and led a Mfe of adventure, roam- 
' '‘"doitT, W. : nil). Jobs* Itopkia* Haep/utoT riL 1- 


lug around the world; how the ship In which ho was 
sailing rescued Alexander Helklrk, the man who lived 
alono on uu Island for over four years and wbu became 
the prototype of the famous llnblnxoii (Innss-. When 
hr returned to London and settled down to practice. 
Dover* wrote hda “Ancient Physician's Legacy to Hla 
Country.” in this work, In the ctiupter on gout, he 
gives tbe recipe for hla “lUuplmretk! ixiwdi'r" In the 
following words; 

•Take opium, 1 ounce; sultpeler hik! turlar \Hrliil- 
llltxl. each 4 ouiiix-m; llipiorliv, I ounce; 1|x-,-ii,-ilniilni. I 
ounce l'ut the xult|*ctcr ami larlar Into a nsl hot mor¬ 
tar, stirring till they lutvc done flumlng. Then ixiwdcr 
very flue. After llml, slice In your opium; grind to il 
IMW ilcr und mix. lkwe, from 40 to (10 or 70 grains III 
n glass of while wine p<M<rl, going lo bed, covering np 
wurm, nail drinking a ipnirl or three pints of the isisscl 
while sweating. In two or Hirer hours lit Tnrlliesl llm 
imticnt will Is* free from |ntln." 

This will xiiflkv for IIh- comiiiiincr opium preimni- 
Ilolls, 

Is-t iih now turn from Mils region of plmrniiin-nllc 
rmiainrv, siqicrstltiiHi und mysticism, lo some of the 
iielilevements (lint (linrai'liTlre Ihe pirnrmiiey of the 
nlnetis'iilb century, nnd which mark Hie iH'glimlng or 
nillomil tPeru|X' 0 lies. 

.\s Is well known, Hirouglioiit the middle ngrs it was 
Hie great Ideal of all cbenilsls, er rather nleliemlslH und 
pliHnnuelsts, to scorch ufter esscneiw, or i|iilulesseiiees 
of things, after Ihe philosopher's sloun, the elixir nf 
life, etc., nnd It is natural lo tlml that of all popnlur 
drugs njilum should lie Ihe one esix-elnlly torlureil to 
give up its essence. Therefore the mrloiis lniidniinnis 
nnd extracts of opium, nnd prelxiniHeiis known as uing- 
Isterln opll, were pnxlurls of netlrlty- exertisl In that 
direction. 

To ward the eml of Ihe elgliteeiilh ceulliry It wus n 
universal liellcf that plants conld elnlxmite prislmis of 
uiily mi ueld or neutral mitlire, mid Ihul ulkulles were 
siihstuiiees or h very different chnnicler, relnlfsl more 
to llie metals nisi exldhlllng meliillh- pro|xTth-x, 11 
wns not until the ls>gliiiiliig of the iiluctix'iilh century, 
with the dlseuvery of Hie nlknlolils. Hint tills inuee|e 
tlcn was sliutlensL and It Is slgnlllcniil Hint the llrsl 
alkaloid to Is' dlsomon-d was the chief active principle 
of opluiii - morphln. The honor of tills e|xx-h milking 
dlsisivery lielongs to ii lieriiinn. Erlixlrleli Wilhelm 
Adam Herillrner. Serlllrner wiis ls>ru July 1111 Ii, I7KI. 
In I'liderlsirn. lie Iss'iiiue nil n|s>Hns*iiry and ehendsl 
n( Elulwek In IlHiiovrr, (ii-ruiniiy, where lie did Ills iiiimI 
imlMirtiilit work, nnd moved Inter lo lliiniolii, where lie 
died, February 2(lth. is in 

Sertllmer Ix'gnu Ills luvesllgiillons of opium lu IStil, 
nnd published llie llrsl re|x>rt of Ids studies lu ISKT., 

when he ill.. Ills discovery In opium nf mi arid. 

Oplum-Saiirr, which lie Inter nnnied ‘ mecniile add." 
und which la- explnliasl was eouildnisl wllli an nlku- 
llue liuse which he culled mnrphluiu. In n ws-isid coin 
Hilllilt-iilloll. In 1H|i>. lie gave u delnllisl account or Ills 
work, hiiiI described the chemleal as w-i-ll nx ihe plair- 
ninmingle pro|s>rtles of morphia, w lilrli lie 1,-slixl mil en 
hnaxi-ir. mid cnuie near losing Ills life. 

"I flu Her myself," he wrole, "Hail chemists mid physi¬ 
cians will Hud Hint my alixeniiHoiiM have evplnliasl to 
n consldenilile exleul llie <-oiix(||iitlini or opium, und 

mule) nnd wllli n new iilknlluc luise (inoridiliiiuI. ii 
reniiirknhle sal will me which shows much analogy wllli 
nmnionlii." Hi-rttlmer's discovery i-m-IImI so iiiiii Ii Iii- 
Icn-st. and Its lni|Mirtiiiicc wiis regarded ns so great. 

Hint to IKII the Institute of Er.. mviinlnl lo Idm a 

prize of 2.911(1 francs "for Inning o|*elicd Ihe way to 
InilHirtiint medlcnl dims**cries.” 

Next lu liniNirtuncc lo niorpliln In |xilul of iiininllly. 
Ibe opium nlluilold nnmdln was dlsmnensl really ls-- 
rere morphln, to I Km, liy Ihe Fn-neli pluirinHClst 
Derosne, who olitolneil crystals or wlnit proied to lx» 
iinreolln while diluting a slrnpy tii]iieous eMmel or 
npliini. Tlu>se erystnls Issvune known ns »et il'nplum 
of Derosne. The Ixislc or iilkiiloldnl elninieter of Hx' 
Imdy. however, wax not iwlnldlxliml until IM7 hy Kohl 

Slime Roblquet wux Ihe dlseiiverer of Ihe ue\l very 
Important oplitiu nlknloUl nnim-d nxleln. In 1K32 The 
discoverer or llie in'xt opium alkaloid mis nnnllicr 
IIIiikI rltniH chemist, .lowph Ib-lleller. whose nnnie Is 
hindllar lo us from lla- active prlneliile of male fern, 
ix-lletlerln. 1'elleller was lx.ni la Purls In iTss, nnd 
died there In IK 12. A soli of mi iiixitliixnry. lie wns 
from his earliest days engaged In eheailcnl und phar- 
maeentlc stndles, nnd Inter Iss-mne n dlreelur of the 
sc-hisil of pharmacy In lhirls. lie was Ihe llrsl to Iso¬ 
late a large number of nlknloids. In 1ST2 lie dlscov- 
ered tbe opium alkaloids nareeln mid oxyinorpliln. nnd 
In ISMi, with ThlboumOry, another ulkalold. thelmln. 

• Dover. Thorn**, M.B ■ The Andont Pkj8d*n'i Utley to 
IU* I’oontrj, hoadoa, 17«. 
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Pelletier wu aim the discoverer o£ strychnin, tad 
together with Ceveutou, of brudn, qolnln, and chin- 
vliuulu, together with Magendle of the at present tnter- 
it.Ung viuetln, together with Oorrioi of aridn, together 
witli ThlhoumCry of pseudomorpblu, together with 
tiouerbo of plcrohixlu, uud together with FaUeton of 
lierherlu. Since hla time opium hua become a nidus fur 
a large number of alkaloids, nud promise* to yield a 
few more. Up to Ibu present, according to Wlntenrteln 
uud Trier,' opium hue yielded besides protein bodice, 
sugar, gum, resin, sails, and organic adds, twenty-two 
dlfferruL alkaloids of which the following Is a list: 
morphia by SerlUruer In L804; narco tin by Kobrlqnet In 
J817; codeln by UubrlquuL uud naredn by Pelletier In 
1832; UiebHln mid pseudomorphlu by Pelletier and 
TblbonuiAry In ISIS; papaverlu by Ueruk In 1Mb; cryp- 
topla In 1857; gnoxcuplu In 1878 uud zuuthalln In 18113 
by T. und 11. Smith; cudunilu, luudunlu, mecoaldin, and 
Inntliopln by llcsae In 1870; luudunoaln and hydroco- 
1 mu In In 1871, uud proloplu In 1872, also by tbo same 
luicHlIgulnr; uxyuamitiu, by Uvckelt and Wright In 
l87, r >: IrlLupln by Kundcr In 18U0; luuda nldln by IIcssu 
In 18HJ; und Inal, pmiudopupuvorln und pepeveramln by 
I lie sume xiMi ii lu im 

lies Ides Ibe prlmury opium alkaloids, a large unmber 
of derivative* of them have boon made, which we need 
not eiiiiiiierate here, la-t mo but mention apotnorphln, 
npoewleln, herein, dbnilii, and peronln. 

All these I'Ucmliiil Individuals have beuu analyied, 
tlielr empiric formulae established, and an attempt, at 
lenut lu ciisu of some of tbem, 1ms been more or less 
successfully made to detoruilue their structure. Along 
with this chemical work, which forma one of the must 
brilliant chapters of modem chemistry, a great deel, 
though by no menus complete or suUlcleiit, physiologic 
and pliHriiiuculiiglr work bus Ixi'ii dune with them. 

Only wllhlu the hist few years, the work of Straub, 
Knust, HUrgl, Sulill, und utliers bun murked a still fur¬ 
ther step lu our knowledge of I heir therapeutic prop¬ 
erties. Three uuthors have shown that not uuly have 
Hie various opium ulkululdM Individually dellulte pliar- 
uiHcolnglc actions, but Uiut also still oilier effects cuu 
Is) preduecd by combining them with ouch other. 

Thus, If wo truce the history of oplnm from Its 
earliest beginnings tu the brilliant researches of recent 
years. If we but compare the analytic and synthetic, 
chemical, physiologic, and pharmacologic studies of the 
same old drug with the fantastic ami puerile effusions 
on Uic subject of our medical predecessors, we cn limit 
help being Impressed with the long strides forward 
which medicine bss uuide; yet, on the other baud, our 
very recent sludlre an nidum and Its alkaloids serve hut 
In empliuslze tlie umre our meager knowledge of the 
subject uiul the still greater task before us 

Coal Substitute** 

Use of Chalk Fuel and Pant Proposed la England; 

lr coat remain at a prohibitive price It cannot lie 
cxjiectcd that, after their proaent coutracta have run 
out, the suppliers of gas ami elcctridly will continue to 
let us have them- essentials at the old price. Already, 
In (vrliiln Industries, It Is being found chca|HT to use 
some other source of power than coal, and this Is n 
tendency that will Increase as long as the price of coal 
Is rjslug uud that of gas and electricity remains Ita¬ 
lians ry. It Is a tendency, however, deserving of every 
encouragement, for the consumption of cool In small 
quantities Is often ii wasteful proceeding, uud we ought 
ns a ualloii to do everything wo can to economise fuel, 
so ns to lime no shortage wheu the time of great In 
diistrlul cximiiHlou unices after the war. 

It was Minimi some months ago- Istforo the war ■ 
that “the liilernal i-ombnsllon engine Is tlie power agent 
of the future, and It will be a problem of no mean 
dimension* to provide flic very large supplies of fuel 
w lileh we nmsl Imve If we are to hold our own In tlie 
world’s markets." The reference was largely to liquid 
fuels, tail we have to mushier alw> tlie internal com- 


freiu prislueer-gas. In this latter case anthracite 'has 
bism a inssttsliy heretofore. 

Nome remit e\|s'riments would seem to suggest that 
Ibeie limy Is- iirulliilile lu tlibi eountry suitable eubett- 
Inil's mil only for nntlirneUe In gas-prod Deere, but also 
for iogl generally, eieii for ilmneslle purposes. 

inn of these siibslltutes mnslsts of a mixture of 
chalk, rough small refuse coal, uud solldlHod tor, In 
Hu- pro|«utIon*, respectively, of about DO, 30, and 10 per 
renl. tin 1 mixture Isdiig eompreased Into ovoida or pieces 
iiIhui! the *!»■ nf a large plum. Thta cbalk-fueL aa It 
imiy is' terinisl, burns freely, when once combustion la 
slniiisl. In mi i*|s'ii grau> or under a boiler, and la quite 


The Idea of using crude chalk In tbu grata alocgxlde 
with coal Is not * new one, and It lx often claimed that 
economy of coal results In this way, which la quite 
possible seeing that chemical action proceeds when 
chalk Is bested, this chalk giving up some of Its oxygen 
to form carbon-monoxide, and lime being left behind 
as ash. But the addition of the above-mentioned car¬ 
bonaceous substance* to the chalk naturally increase* 
both Its heating value and freedom of combustion, and 
tbe resulting chalk-fuel la expected to be a useful fuel 
In tbe future, especially aa dextractor refuse can be 
worked In a* one of the materials composing tbe com¬ 
pressed ovoid. This la a valuable feature, aa muuy 
towns spend a* much as Ida. per ton to get rid of their 
refuse. 

The materials required are so cheap that It would 
seem to be possible to produce tills fuel at about half 
tbe normal price of coal, at any rate on the South Ooaat, 
where ehalk 1 m plentiful and coel expemdve, 

From an engineering point of view, tlie exiwrlmentM 
lu isiwer production that have Iweu made on a gas- 
producer plant are Instructive. This particular plant 
ran two gas engines of U0 brake bone-power each, and 
supplied gaa (equivalent to 10 horse-power) to lacquer¬ 
ing ovens. Using bituminous coal, the fuel consumption 
was 23 hundredweight per twelvo hour day, aa com¬ 
pared with 17 hundredweight of chalk-fuel for tbe same 
porlod. As might be Imagined, thn gas from the latter 
was much cleaner than that produced from anthracite 
ur coke. The lower fuel consumption meant that stok¬ 
ing was not so frequent, and cunsoqueutly a saving 
of labor could be effoeted ; further, there was no cllnker- 
Ing. 

An Interesting point In tbe running of the engines 
was that much more nlr could be admitted to the mix¬ 
ing chamber than wua the case with ordinary gun; In 
fact, the air-valve could be worked fully open. This 
rather bears out the assumption that on unusual amount 
of earbou monoxide gua was funned ((ruin tbe disinte¬ 
grating chalk, whleh afterward nils tu the bottom of 
the producer ns lime), and this would, of course, need 
an extra amount nf nlr for efficient combustion, und 
would explain why less fuel was required to give the 
same amount or isiwer. Tbe flameu arising from the gas 
when burnt In the lacquering ovens wore also very hut, 
a* they would lie from a gas rich In carbon monoxide. 
The latter gas. It was shown by analysis, was present 
to tbe extent of 18 per cent, other constituents being 
carbon dioxide, 10 l»r cent; hydrogen, 7 per emit; 
innrsh gas, 4 pet cent; nud nitrogen, 01 per cent. 

The fuel Itself, when analyied, was found to conslut 
of tiled carbon, 28.45 per cent; volatile matter (includ¬ 
ing water), 2(1.00 i»r cent; and e*h, 44.6 per cent It 
Nluiulil lie posslblo tu use It In locomotives, and, as there 
Im also the prospect of the use of gas-producers uu sblp- 
Issird for driving Internal combustion engines, we may 
yet see tbe ehalk cliffs of old England becoming a dimin¬ 
ishing quantity In order that England's ships may put 
out to sea. 

A Hocuud substitute for coal In this eountry Is peat, 
of which there are vast quantities In Ireland, Wales, 
Hintlanil, and nine In many parts of England, 

A great amount of work has been done In tlie direc¬ 
tion of employing |**at aa a fuel, especially In (luuadn 
and the United State*, where ]ieat fuel Is In regular 
use In place of cunl, and It tun been shown that, besides 
I icing useful for domestic purpitiea, jieat can be used 
under 1 sillers or In gas-producers. Feat dost formed 
Into briquettes with 0 per cent of coal dust tuu been 
Kiicivnsfully used In locomotives drawing trains weigh¬ 
ing fnau 218 to 2*1 Ions, the cousiunpLUin of peat fuel 
lielug Just twice as great u* was the case wheu coni 
n lone was used. 

That the use of pent for driving gas engtnes Is not 
now h mere cx|s*rlnient la clear from tlie success of Hie 
recently retahllidifd Welamoor electric generating sta¬ 
tion In Knst J’rleslHiMl, wliere I lie total supply per an¬ 
num of energy for lighting and lower la now almost 
10,000,000 kdowutt-lHiurs, all derived from peat-consum¬ 
ing gas-producers. 

A smaller but similar British plant has been found 
to give very much more satlafaetnrj results with peat 
than with coal after the acparatlon of tar from the 
gas had been effected by means of sn ample water apray 
for cooling anil washing tbe gases, tbe tar being throw a 
out by a centrifugal tar extractnr. The plant can be 
nui for three weeks without cleaning, and tbe saving In 
cost between running tbe factory on coal and on peat 
amounts, when peat Is employed, to orer flfl per week. 

The Canadian 1 squirtment of Mines has bad a series 
of peat-fuel tests made on a KOrtlng gas engine at the 
Ottawa Fuel Testing Button, whleh show that tbe fuel 
consumption per brake horse-power boor—Including 
stand-by losses—1« for fun load, l.T pound of peat, or 
2.3 pounds of peat eouUlnlng 35 per omit moisture; for 
three quarter load tbe cor respondi ng Ogures are 2.1 
pound* and ZB po un d*. Aiming that peat can be 
delivered to tbe plant at 8a dd. per too, and that the 


plant be nm with a power factor of 7# per osot for 
3JM0 boon, tbe foal oasts would bn Ms. par brake 

Feet fuel U enacted to bars a big future, not only 
In ibis oountry, but in Canada, Russia, and other coun¬ 
tries piling large peat deposits. Bala akm* has 
more peat than all tbe other countries of tbs world, 
and U has been calculated that its average aeOlng price 
lu Russia should be about Bo. 6d. per too. There would 
thus appear to be a useful opening for British engineers 
to dovelop a new branch of Industry—the supply at the 
nwxHsary gas engines and gas-prodneen tor use with 
pent fuel. 
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Patents and Their Purpose 

Notes of Historic Interest 


■y of IjhIiihI rial nrtx Im I he history of pat- 
m I fill Iiiwm I'vlMt luinuse of the cold fai-t 
her priietlnil wuy cun itubllc knowledge of 
him Ih> iililulned. Ail Invention, being at 
il liy the Inventor alone, may remain hie 
H> iintiire of the Invention |>crmlts, It may 
lltiihln lo him by remaining hie Necret, anil 
iiiii'liig the imlille InterentM, or Increasing 
il of iiiiiii'n knowledge. The grant of |«t- 
re, huH thla nll-NiiHleleiit JUHtllleatlon—It la 
vlilch the Inventor can lie Imlueed to Impart 
• I he n-orlil lit lurgo. 


country, nml cM|xvliilly In IIiIh tme of Kuglaml, though 
imtentH of Hie kind had prv\ UniHly lieen granted lo 
mane limited cxlcnl at leant, on the continent of 
hhiro|ie. Karl lor monopolies hy tireek and IhNuan mer- 
■-liniitN, without authority from government, are re¬ 
ferred to hy ItoldiiHon In hla very eomprehenNlve and 
wholarly work <ai imtenta. 

IRVRNTION. 

Hy n coui|mflMon with the earlier grantM, the char¬ 
acter of lei fern |iulcllt of to-duy In more eleurly aeon, 
an well un the gradual npprmieli to the requirement of 
"lavenlloii" which now In nnlvemally a eoiHlItlnn pre¬ 
cedent In the grant of a willd latent. 

Very early tlu> liiqiortniicv of Induatrlal derelupment 
whh realised. We lire told liy Hehlinmer that Alexander 
tie* Great made a determined effort to gather a knowl¬ 
edge of tlu> Invent Iiiiih of all nations, and to dbwemlnate 
thla knowleilge among hla own imiple ami those *ul>- 
Jligated hy him, with a rh-ie tu promote contentment 
and prueperltp. Other Intereatlng examplea alaaind lu 
antlipilty nml In the middle agea. 


are rei-orded. nuteworthy Imlng the refusal liy Queen 
Kllsnlieth (KWIli to grant u indent for I la- knlltlng mu 
elllne to tla Inventor, WllllUin lav, M.A., of Cambridge 
(Knlght'N Mm-linnli-al lilethamryI. More modern In- 
atHiK-ea nf a Imutllc altllmle will lm readily m-nlled In 
tla- diHilila orlgtnally expreaaiNl uh to the beuetlta, to 
labor and lo ma-lely at large, to lie obtained from the 
Mewing maelilne. Anollier luatanea la that of the rlut- 
<aiH net Iona of wihnI auwyera anil lunauitera. who*- 
nlilhililty of vIhIoii Iml llieiii to violent ommaltlon to the 
liltnalnetiiMi of the |niwit Nnwnilll and planer In the 
I'nltrd Htatea, nml III llreat Hrltalu nml Ireland, anil 
made them feel eoiilentiuent with even the lot of the 
“lagtoai auwyer, - ’ rather tlian to aeee|it the promised 
Improvement In eondllhaia to lie brought about by the 
new machine*. 

Induatrlal i-oriNimtloiiN tlunrlahed lu Flamlera, lu 
France, (lenuany and In England, probably reaching 
their grenlivil |*iwer In liermnny, where many of tlui 
free elite* were fornnal Into the nnuaeatlc I league. In 
the thirteenth century. In Ibeae “free eltlea,” which 
date from ataait the lentil century. It had been the cus- 
tnm to china the cltlxcna In comisnlc* according to thetr 
la-eniwtliaia. Tile Ilauaentlv Ireguc enjoyed apeolal 
privilege* In return for aervlcas to the monnreha in 
whose reulma It operated. The manufacturing corpora- 
tlnna of Flandera at thla period an- alao thought to have 
lawn Ht least teni|Nirarlly deiiendent mi the encourage¬ 
ment of tlie ruling sovereign*. 

raTKNTH roa ikvkntiiinh aiainx Hl'IVTVK. 

For n long iterlml the liulnatrlnl development on the 
coalIneut of Kumpc waa far In advance of that found 
In F.ngland, and Hie latter ex|iorted little of manufac¬ 
tured goods cxeepl woolen*. The luduatrlea of the con¬ 
tinent. however, chewed little Imllcutkai nf original In- 
veattgatlon. and mi marked prngreaa tn mechanics. Eng¬ 
land. awakening eveulimlly lo tier backwardness, took 
ateiw locking to the eatnldlalimimt of new Industries 
within Imt Imrders. Hhe early Invited foreigners, skilled 
In the different arts, to locate and establish manufsc- 
lories la Kuglaml; mat Anally she paiilcnlariy recog¬ 
nised luvenlora hm proper recipients of patents. Seme 
of the grants recorded were mere letters of protection 
to foreigners settling In Ragland. Others, even tame af 
those tn liiventora. are to ho noted as Including only 
the ^xeluslre right to manufacture, thus I earing opaa 
the right of Importation and sale. It ta worth Wssattsn 
that this medieval form of grant waa substantially re¬ 
tained In the patent grants of Denmark as lata aa 1884, 
when a new low went Into effect. 


By Jeremiah Lee MacAuliffe 

The Issue of Rnginetring for Jane 22nd, 1884, calls 
attention to the fact that a vital feature of the modern 
pateut to wit, the general prohibition against the pub¬ 
lic other than the patentee, characterised grants of 
Mllxabeth, and apparently the Issue of the geueral pro¬ 
hibition was In response to a petition by an Italian In¬ 
ventor, one Aeon tin*, In 1008, who urged this aa a oeoes- 
sary part of the reward to the Inventor. It baa been 
suggested that Acontlus waa parhaps acquainted with 
the elistener of similar monopolies on the continent 
Another essential of the modern patent the specifica¬ 
tion disclosing the Invention, also characterised patents 
Issued under Hllaabeth, such s patent having been 
granted aa early as 1001 for the manufacture of aalt- 
|ietrr. The And patent specification accompanied by 
drarinsi appears to be the British patent No. 108, of 
1073. 

nrsroaa or iubtsucthio ta* nans. 

To revert to the early forma of grants, the letters 
of pngMtlim granted by Bdward III, In 1331, to 
Johannes Kent pc, of Flandera, to establish the manu¬ 
facture of textiles In Hugland, are perhaps notable In 
that they are granted avowedly for the purpose of in- 
Mtmettng the people In a new Industry. (Flanders at 
thU lime made higher grades of woolens than the Eng¬ 
lish). The grantee obligated himself to teach all seek¬ 
ing a knowledge of his calling. 

Almost In exact line with the purpose of this grant 
are the modern patent rights of sll nations, as will 
later appear. The Kemps grant Is not otherwise notable, 
however, since an Industrial patent or grant, earlier 
hy nearly two centuries, was given, according to Hal¬ 
ls nj, lo the Wearers Company by Henry IL 

The first systematic effort to establish manufactories 
In England by granting patents, was made In 1337 (Law 
Quarterly Review for April, 1880), when a general 
statute was passed, placing under the Ring's protection 
the doth workers of other Undx who came to dwell In 
Rngland, “to the latent that said cloth workers shall 
have the greater will to come and dwell here, our Nov- 
ereign Isirtl the King will grant them franchises a* 
many and rack at may tnjfloe them.” 

If We are still Interested In comparing forms of gov¬ 
ernmental encouragement of Industry, we may take note 
of a significant Incident having some relevancy to the 
-object, as related by Home, who explains that an at¬ 
tempt to foster commerce and trade by encouragement 
from the Crown, was made In England by Atbrlrtan 
(830-841): “He passed a remarkable law which was 
calculated for the encouragement of commerce, and 
which required mane liberality of mind In that age to 
have devised ; that a merchant who made three voyages 
lieyimd the sea on hla own account should he known as 
a lliane or gentleman." 

What appears to have been the first patent for an 
alleged new invention, was granted In 1440 la England 
for new prorras of making aalL In a patent given to 
one George Bobbam for an Improved dredging machine, 
Ibe object of the grant Is made dear. It rxpreaasd Uw 
wish of RHaabeth that the favor thus accorded the pat¬ 
entee “will give ooorage to her subjects to stndy and 
seek lor the knowledge of like new engines and devices.” 
The granting of few patents In Rngland, and MM ab¬ 
sence nf material malts, prior to the RUaabethan era, 
are accounted for by two cause*, to wit: Internecine 
ware, and the practical nullification of the patent 
statute during several soeceeelve reigns, when tba 
ski Had foreigners were Invited into the tervioe of the 
Grown Instead of receiving franchises for the benefit of 

rVTXATCe* A LONS KHTt T U P *0 fATXXTe. 

From 1W0 the abuse of the privileges enjoyed by the 
holders at Industrial monopolies resulted In the unmis¬ 
takable public call for confining the great of patents 
to Inventors only, hot promise* at reform by BRtaaheth 
filleted tor a time the agitation against public monopo¬ 
lies. Finally, the dtemtisficti oo aroused by the grass 
a bu ses of tha oomponies who controlled trade, culmla- 
nted ta 1838 under Jamas I, and the noted statute 
against awnopoUM was p sm il Tb* Rngitah jRMte, 
even when tires aroused over the wrongs (attend ndsr 
tin general aoMPOtira, did not loss tight af lbs bene¬ 
fits to be derived by ths pubUe from anconngtag ta¬ 
mtam, and the vsry statute at repeal of m onepti ti s 
ra a rislly woa g hlra d the p ropriety of gs anttaf excise!** 

their lnvratioaa far a limited ported of time. 

Modi eoufttaou ntii among stsdsats of fog patent 
lawa ragsrdlag tha stetade of -Jmsm L dkdMt 


create any rights for Inventors, nor grant there any¬ 
thing which they did not previously rnjoy, but merely 
waa In keeping with tba dedakma of Urn Bngilah oourta, 
which, whenever occasion had arisen, bad andonad 
the validity of grants to la venters, white oaodsmnlng 
Industrial monopolies granted to other*. 

The patents granted tinder the statute of James did 
not aa a rale afford a disclosure of tha invention, and 
some British patents as late aa 1700 contained merely 
the title. Moreover, mater thla statute of Jaresa, an 
Invention was held to be patentable If It won not pre¬ 
viously known la Rngland; and It was of no mianint 
that the Invention waa known and published ta other 
coon trie*. 

The patent grant today the world over la Hhe the 
Kempe grant of alx centuries ago, In that osw sbllga- 
tton la Inexorably Imposed and one condition exacted, 
the Instruction of the public. Tbe law requires a bona 
fide disclosure; and proof of a violation by the with¬ 
holding of eoeential particulars Invalidates tbe patent, 
aa a contract void for tbe absence of a valuable con¬ 
sideration. 

asaurar axi sale an rATmrre. 

Tua first patent Issued In this country was granted 
by the General Court of Massachusetts Bay Colony. In 
October, 1841, to one Raraoel Winslow, for a new SM-tbod 
of manafacturing aelL In recur ring to this Window 
patent, and to the first patent ever lamed for a new 
Invention (1440), both for the manufacture at salt, wq 
are striklugly reminded that patents for Inventions are 
dictated by no mere sentiment, hot by considerations of 
public welfare—even public neoewiity—which originally 
prompted In England, and later In thla coon try, the 
granting of patents for new Inventions In order to en¬ 
courage end Increase the production of this most Im¬ 
portant article. The term of the Winslow patent wan 
ten years, and the grant was conditional upon Winslow's 
setting up works within one year. Several other pat¬ 
ents were granted by tbe Bay Colony and other ooteolas 
In the seme century. It appears that Mssrechusette. 
Connecticut, and Pennsylvania were tbe principal mem¬ 
ber* of the original colonial which granted patents. 

The artlrire of confederation, adopted Joly tilth, 
1778. contained no authority to grant patents; hot the 
Staten biaued them Independently, as the three ooloolee 
above mentioned bad done. Thus, In 1788, James Ram¬ 
sey obtained special grant* or patents from the Btaten 
of Maryland, Virginia, Pennsylvania, and New Yore, for 
a “newly Invented boat,” which wee practically tested 
on the “Potowmaok” (Potomac). In September, 1784, 
In the prcneuco of George Washington, who gave the 
Inventor a letter highly commending the boat aa “of 
vast Importance tn inland navigation." John Fitch, 
Romney'* more sacoesnful rival and contestant, alao re¬ 
ceived, at about tbe same time, similar patante, or ex¬ 
clusive privileges, from New York, Virginia, and Penn¬ 
sylvania. 

aanoniviTum or iimwToea sights— oaunATros eg 

The Constitution of the United Mates made provi¬ 
sion for tbe encouragement of Inventor*, and in 1188 a 
patent statute was passed by the Onogtsae. To the 
constitutional convention belongs the credit of, for the 
first time, embodying In the law of a nation the fienda- 
meatal doctrine that an Invention belongs by inherent 
right to the Inventor, and that to secure (Ms ri#M to 
Mm, with due retard to pabUc Merest*, U an oHigsHsii 
of Government.’ Is 18*8 tha Patent Oft* was tetab- 
ttebed, and provision mad* for the examinati o n of In¬ 
ventions to detonates their novelty, tfc* befog tb* firet 
I Delano* of such a provision In patent laws, n* pres¬ 
ent lads are substantially these passed la l«ty, which 
extended the term of tbe patent f*om f e nrt ae n te sovtn- 
totti yean, and prohibited ntawtona SKgpt byrgsdal 
act of Congress. ^ 

. The proposition to lira cash awnnkto laredtora and 
throw tbe Inventions at onus open to the pnbtio gained 
some favor lu Great Britain ta 1M9, but the propcmtbtx 


wtthUsMcnsa. A rather diverting ttsre, showing sere*, 
ef the writ* af this expsrtre s nt ppp s are d ta theacaor- 
«r» Awsgpan for B sp t tmtM 1 18th, 188^ Iw ri rt lins 
of rati merit ttereed, for sore ranren, te tMiata.8Wiant 
mmt ttas eseh ptare , 

Chih grants nre net —Fu rilre U Ihs Ctata^dUrttak '- 
■fhm JaAua Shaw, who te lnttorao tad the penmarioo 
mp,, wan dsharrad fosta rierivta* g jmtsnt ummk 
te»s 1 nlten, m tafor tad Ow<* g i. ih .t >y 
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fS/MQ CBotnmno AinroA*, Aagaat 7th, 18»). Alio, 
lnFrasce. Dimttn ud Niepce, Is 1880, were (noted 
annultiee is recognition of their invention of photog¬ 
raphy, that eeold not adequately be protected by pateot 
fTtaaatMtter’i History of Photography), 

rnramou ro nnut mkiit law*. 

Poring the ac wl ona of the aixty-third Outgrew, dla- 
eureteu of the patent laws became widespread, atten¬ 
tion ha Ting been focussed on the subject by tbe intro¬ 
duction of tbe '‘Oldfield Bill,'’ which proposed compul¬ 
sory 1 teenage. There were thoee who, not content with 
tbe suggestion at compuloury licensee, advocated tbe 
-complete repeal of tbe patent laws. The reader may 
consult a report lamed by tbe Cleveland, Ohio, Chamber 
of Commerce, 1918, for an admirable, critical study of 
the Oldfield bill, with a discussion of the patent system 
of tbe United Mates. 

Bearing an the suggestions of repeal, the reader will 
be Interested In an Illuminating Incident Involving a 
similar prupoeal. In 18fi» It was actually proposed in 
HngUnd to repasl the patent laws (see Issue* of Hcics- 
toio Amhuoan daring September, lMflB). The agita¬ 
tion to this end had Its origin In an attempt by tbe 
millers to avoid payment of royalty to the Inventor of 
an improvement which prevented the waatsful and un- 
healtfaful clouds of dust that theretofore were' Incidental 
to tbe use of millstones. The repeal was opposed by 
various bodies. Including the Workingmen’s Technical 
Education Committee, Hie Foremen Engineers’ Associa¬ 
tion, The Workingmen’s Club and Institute Union, The 
Public Museum* and Free libraries Association, and 
various workingmen’s organisations. These not only 
oigmaed repeal, but demanded a more liberal patent 
law, which would give a patent as a matter of right, 
ami for n reasonable fee. - The patent lawa of HngUnd 
at that time made patents very costly, and were pro¬ 
ductive of outrageous delays. An excerpt from an argu¬ 
ment at this time U Instructive: 

“Mr. C. W. Siemens, F.K.S., a native of Prussia, left 
that country and came to reside In England, because 
practically no encouragement was accorded to Inventors 
In Prussia. Mr. Siemens’ regenerative furnaces and Im¬ 
provements 1u telegraphy had augmented our national 
wealth to the orient of several million pounds sterling, 
all of which was Inst to Prussia through H having prac¬ 
tically no patent lawn." Tills jailley lias been reversed 
by the Cormany of to-dug. Siemens himself later de¬ 
livered an address (Scientivk- Amkmcan, October 10th. 
1H60) In which ho said: “If wo review the progress 
of the technical arts of our time we may trace Important 
Inventions almost without excci-tlon to the Patent Office. 
In eases where the Inventor of a machine or process 
haiipcuod to belong to a nation without *q efficient int¬ 
ent Inw, we Oiul that ho readily transferred tbe scene 
of his activity to the country offering him the greatest 
encouragement, I Imre to swell the ranks of intelligent 
workers.” 

WHAT or Til* PARKT om«l 

llk-Vens, In his scathing exposure of the elrcimdacu- 
tlon office, with Its staff from the ancient family of 
Barnacles, luis shown that a very had intent law cau 
Is* made lullnltoly worse when administered with the 
lmnmse. How not to do It In “1-lttle Ilorrit” we see 
the Inventor, Daniel Doyen of the firm of Doyce A 
Clenuam, Iron works. 

“As an Ingenious man, lie had noeeasarlly to en¬ 
counter every discouragement that the ruling powers for 
a length of time had been able by any mean* to put In 
the way of this ciosa of culprits; lint that waa only 
reasonable self-defense In the powers, since How to do 
It must obviously be regarded as the natural and mortal 
enemy of How not to do it In this was to be found 
the basis of Urn wise system, by tooth and nail upheld 
by the dream locution office, of warning every Ingenious 
British subject to be Ingenious at bis peril; of bar 
rearing him, obstructing him, Inviting robbers (by mak¬ 
ing 8Is remedy uncertain, difficult and expensive), to 
plunder him, and ft tbe best, of «mfl*oatlng hi* prop¬ 
erty after a abort term of enjoyment, as though inven¬ 
tion wto on a parallel with felony." 

If a had law can thus be made won*-, so also, a 
good- law can he made batter, by officials motived by 
How to do tt The United Mats* Patent Office organi¬ 
sation fa dominated by the oommlaatcmer, tbe examina¬ 
tion of applications being done by a corps of examiners 
separately Id charge of approximately fifty different 
dtvbddM, Tbe corps Indudre tint, aeoond and third 
ntifa|lij|it examiner*. Official notions of the examiner* 
an checked up (wben appealed) by the Board of Bx- 
gtetotra In (Wet and Ufa Cmgafariotmr. 

Wbqp, In the war of lsil Ufa keep* of patents la 


tbe/*MBMM*’ tetmotta of bfa -praekw 
rydo^ hWtoba oaofadout, he affiaWfahad the stand- 


rate law practice, for the honor* of the comm toil oner- 
ship. 

The successive commissioner! find at tbelr service a 
hody of examiners whose duties and Jurisdiction arc 
strictly defined by the statute and tbe official rule*, 
bat wherein, owing to the nature of the task, the per¬ 
sonal equation may nevertheless become a factor beyond 
the power of law or rule to determine. Skilled Id the 
sciences and In mechanics, learned In the law and prac¬ 
ticed In lta Impartial application, tbe examiners Judge 
and rule upon (subject to appeal) tbe qutwtloos, largely 
controversial, arising as to patentability ami related 
matters. In tbe tens of thousands of case* annually pre¬ 
sented—cases not Infrequently railing for what, by any 
applied teat, must be regarded as learning of h lilgh 

OUASDINQ riisuo INTMKHTB IN Tllg PATENT OVKlrK. 

When Doyce lierame disheartened, after twelve years’ 
effort to obtain a potent at the Circumlocution (ilttco, 
and hi* Junior member took up the unequal struggle, no 
vaticination could have foretold the voluntary action 
of American siipUrant* In bolding siipllcntluti* iM-mllug 
for twelve years and half of twelve more, by dilatory 


TUB MOST VKRTII.K FIEI.IW OF 
INVENTION. 

Fa teats. 

Carriage* awl Wagons..TJ.72H 

I'lssps, lu-rklr*, Button*... ta.772 

cinws. in ,«07 

Alllla . IN.HOn 

Uai-hlae Element". 1 D,(MI3 

Builders’ Hardware. in,Hal 

llamas awl Toy". 12,104 

tasks awl lAtohw. ll.ano 

It Ills, (Irindlii*. ete. 1N.S03 

Hallways .lt,’»47 

llsllway KiHIIng stock... . 1 r>,4ft2 

Seeders and Plasters. I1.0M 

Water Dtstrlkullmi Usius 
and I'lppa. Corks sad 
Faucets, llpe CuapUngs, 


Patents. 1 

fsn-ka and Utche*. ll.B-HO 

Wsshlag Usrblnes and Other 

laundry ApplUw-e". ll.bsn 

Buckles, Huttons an,I Clasp. 1S.T72 

Htcsni Kngtnc. . 11.BOT 


IMIsnn . 

Ellbu Tlusutuin 
Freacls II Hlchanls. .. 

Hilwsnl Weston. 

Charles K. Mrrllunr.. . 
Ueorge Westtagboase.. 


closed In the Patent Office, during what must ever re¬ 
main a wonderfully Interesting c|s«-h in our Industrlul 
ilcvelojiuiont. This illagram cover* the eighty years 
from the establishment of the Patent Office, lNlMI to 
Wifi. 

A public dlscltwure of ucttrly one and one quarter 
million new Invention* lit eight) )cnr* will Is- concealed 
a fair return Hindi- lij linen lore for the inr) llmllntl 
right* wlilt-h they have enjoyed. lleNlile*. there 1* u 
NiirpliiM of mini) iiillllmi* of dollar* nccuuiulntcd In the 
United Stales Tn-asury. for (lie credll of I lie 1’iitelil 
Offii*-, from fi*-s inilil In liy ii|iplleHiil* fnr i-atenl*. 


Engineers’ Difflcultien With Tropical 
Telephones 

Tki.kimionk trouble* are far rmni rare In KiikIuih 1 . 
sti) h 'I'hr l.imilnn I hi! Ill 1<h ttiuiih, lint they are mild In 
eomisirlson with tliow Unit lus-ur In tin- tropics. Ilrltlsli 
ii sere nt tIre* 'phone should he thankful (hnl tin* cngl- 
nis-rr of the home Hystcui hale old) an la-cuNluniil galc 
nr snowstorm In contend with; lliclr plight would Is- 


very wnl If Inalend of them- cnni|iarulivcly run- dl*lurl>- 

NiitlNfiictiii-y working of the li-lcphonc it* lire i-niiincnitcd 
by Mr. W. IJcu-cllcn 1‘iwc In III* nm*l IntereKlIiig 
rsi|*-r rend n-n-nlly Iwforc the liiHtlliitlon of Electrical 
Engliiccre on "Tclciilinne Trunlilr* In the Tropic*.“ 

It ii|iia-are that the Ironldc* In the tropic* urine from 
*ncli ciiiiNc* a* dump, vi-getiitliui, iinlniul* ami Insects, 
mid Inefficient nut In- lulsir. Tlie Inut 1* In ll*elf md 
rcM|Hin*llile for much I rouble, Iml when till* I* combined 
with an ntimiNplierlc IiiiiiiIiMIj lurylng IN-Iwccn Ml mid 

the ..glnccr’s cninplidnl* ..In iiilillllun, 

It I* realised thill till* dnmp heal prialuiv* a marvelous 
growth of vegetation —no tlili-k that along (lie side* of 
the comitrj rigid* there arc actual wtilla of green 
leave*. i*-rlmp* NO feet In list feet 111 height, ho dense 
that It I* ImiKMNlhlc tn pleree through without getting 
oue'a clothe* loru off the 1**1). ami growing ao rapidly 
(lull It may Is* cut hack one dll) and grow a* high again 
lit the moating (went)-four hour*; when again II la 
learned that luaect life la a* |-rolllie a* the vegetation, 
ami Hiinietlme* even more lr)lag, I lieu one I* In it |**d 
tlou tn underHtaml Ihe illffietiltli-* mill to *> ni|silhlge 
with the troplcul engineers. 

As a matter of fact, Hume are not the only trouldeo. 
Mghtnlng ha* a virulence unknown (here. The elce- 
trleal state of the atmosphere ha* all effect on the 
limnmi nerves which serb-iiKl) disturb* one's Ii-iuimt. 
Even wild u ilium Is do their ls-*t lu Home place* to In 
creiiHi- Ihe engineer'* luU<r* l-'i-r lindancc, In Home 
pari* II I* not iiimmial to have a mile or two or line* 
wrecked li.v glrnffe*, eli-pbiiiil*. or monkeys. 

A* reguril Insects. Mr. I'ns-ee liu* Home ri-miirkiil-lc 
fael* In bring furwunl. These erenlure* will nltnek 
Inilli liiAlrunieiit* mid lilies. The spider I* n mil |*-*t 
nil uu-r the imples- II dellglils to ret rent Into the tele 
phone en*e, mid there hulld for Itself n ne*l. *n thill ll 
In no iiiieiiinmnii oxi-orlciicc tn linil Instrument* entin-lv 
put mil of a el Inn nnlng to the diligent work of this 
Insect, 

To elreiimvenl the llisecl plague II 1* e**i-nlliil llml 
IIh-hp telephone case* *buuld Is- sealed up a* closely a* 
I m-n* 1 I -11 - ’Ihe HWiteh-hiKik hIiiiiiIiI curry a lira** plate 


which keeps the Hint In whlcl 
<*ovenal. It I* also di-slrnlilc |, 
the liiHlnimeuts, but t- lake 


a arm works entirely 
\e II- lermlunl* nlaive 
- conductors llirougli 


‘ nmit*f*X***r*» fittfm* * Tcry locrattv* pri- 


taetles, until It suited their purpuec to have the patent 
Issue. This wrongful practice ha* been effectively elim¬ 
inated by a forceful commissioner, and we I urn-, In bl* 
action, but one Instance only of many, wherein the 
official* guard the public Interest* while handing out 
even Jtwtfce to Inventors. 

A prsetltleoar of forty years before the Pateot Office 
recently aakl to tbe writer, that amid tbo mass of 
meebaideal, odentific aad legal technique, by statute 
hound up with tbe dally activities of the Patent Office, 
quite generally be ha* found there, splendidly exempli¬ 
fied, tbe hurnaa dement and tbe spirit of helpful ora*. 

As a striking example of efficiency and sturdy in¬ 
tegrity In free government, tbe Merries medially ren¬ 
dered each workday Id the United States Patent Office, 
should be known and be heartening to earueet men 
eve ry wh ere . 

Aa parbapa a net Inappropriate conclusion, a diagram 
fa appended, shewing graphically tbe lucres ring number 
at patent* granted, and couaeqaentiy Inventions dls- 


Tl-e pmulencc of white nut* make* ll h-HS-less to use 
wins! i-ole* to carry the line*, iih In n very few year* 
the Insect* dcnioll*h tbe whole of the Interior of sueli 
pole*. The anus, on the oilier luiial, ore often made of 
Mil* material, for the white ant will nut work It* way 
up nrtecii or more fi*-t of Iron tula- In roach I hew- arms, 
anil In Home countries most excellent hard winmI Ih o|i- 
Inliuilile locoII). Tlie normal ty|a- of overlM-ad couhI ruc¬ 
tion now employed In iiiohI tropical emmlrli-s I* fa lily 
well Mtaiidnrdlxfd. The i*>les iihi*I an- either of a ly|*- 
with wrought Iron tii|a-r lula-s and easl-lron l-a-a-s, or 
nr the Hamilton !>|-e. wldeli are l-ullt up of ml*-* of 
riveted sheet sleel. 

Overhead Ilia- tnudile* wolllil, of einirse, l*> nl*)ll*lu<d 
If undergnniml eal-li-a were lined. Iml when II I* a fn- 
•ps-llt iwrurreiH*- Tor *nme Hiil-Herlla-r* In l-e *lluale<l a* 
far a* Iwealy-llve miles from (la- exchange lid* Hv*ti-m 
would enll for *urli a high *iili*erl|itlou iih I- make lln- 
proposal entirely prohibitive. 

Thu* the use of overhead llm-s must lie n>nt1mu*l ami 
means devised to mnke them less llkel.v to Is- ntlackisl 
by Insects. It hna Iks-ii ill*enveri*l Hint wlu-reas Insects 
will nest In pnrcelnln InHuhil-rs which nre dHrk In¬ 
side—they refuse tn Inhalill (Is- trnus|mrent gins* Insu¬ 
lators, whleh. If mails of tbe nil ty|*>, should, It Is sug¬ 
gested by Mr. l’reece, bring almut considerable lmprnvi-- 
ment In the lnaulall-m. Unfortunately, such Insulators 
are nut at iweaent commercially obtainable. 
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JOT* S, tftlfl 


The Prismatic Compass* 


How It Works and Some of Its Advantages 


Tnr. prlMiiiutli- conquisH lx so lulled frtun Ilie prism 
lUtixl mi I Ilf ciiKf III I Ilf u|i|KMltf xlile to the lilnge, By 
lUfuiM o( Ibis prism hii oltsorvor In enabled to read tin- 
llirimn on I lie iIIhI wlifli taking n Isnrlng. 

Tlif "MenIn' puttcra" linn a dlul of niotlii'r-of-|H>arl, 
the n'lilcr Ih'Iiik mu tell wltli IiuuIiioum paint fur nlKht 
work. Tin- N. |mint In marked wllli a large illaiiionil- 
nIihimhI Hull re. anil Hie M. a line, K. mill W. Ih'Iiik shown 
In Miifk letters. The illul In graduated with Iwo not» 
of figures to .‘Hfl degrees the llilier not. for ordinary 
direct HNf. illvlilitl to r> ilegroca; mill Die miter, fur use 
with Ilie prlniii (Hint ri'iiTHfil. for (lie prism Inverts 
Hie Image I. illvlilitl every degree. A glance ut Fig. 1 
will hIuiw llil» illul iiiniiiileil In IIm lithe. II will lie 
liotiiJ Ilie Mil luih u III rue glass wlinlow lulling U night 
Imt line engraved across Ith surface. There ure two 
hiiiii 11 lioler In the iillte of the ImiHH rim of llilh window, 
NO Unit. Hhnillil tile itluhh In- liroken, n Imrsc-hslr full Is' 
run lielweeu Llii'in uiul ail fMeiiipnrlxiil Hlictil vnne In' 
nllllxeil. Opposite the lilugc of the till a trlMiitnilnr Inix 
eoiitiilliliiK Hie rltthl-uni'll' prlhin In tUtiil fur rending 



Thr prismatic compass (mark VI). 


the dlul. Over the illnl u iilmw In pluinl In n revolving 
lieiel. Oil tin- glass In | tainted n hlaek "Index'’ line mr- 
reHiHHidliiu with au engraved line on the hciel working 
over u grailuntiil Healc on the outer surface of the box. 
Ily UiIh line ami acale a beating can lie "regtatered” for 
night iiiarehlug operations. 

In taking a bearing, the compass la held atcadlly, 
mined to the eye, keeping It quite level, and tlia front 
alght (.4 III Minall diagram xbowu In Dig. (I llue on 
glam) and the baek alght (« -allt oil the prlxra box) 
are aligned on to the objective <!. The dlvlalmi aeen lu 
the prlaiu lilt by Ilie hair line A will lie the bearing 
required. 

The bearing ran now lie registered by turning the 
milled edge heael until (he black Index line on glaaa In 
over the N. [mint of illnl. The dlvbdmi on the top acale 
of iMilalde of Imx wbleli coincides with line la the bear¬ 

ing. At llm name time, the direction la Indicated hy 
the nanisms let tern on the bottom acale. The besel la 

then ebiuqail. On any aulaiequeut occaatou, day or 
nlglil. Hie Himie dlreetlou can be found hy turning the 
■liver I tack flat (aa In Fig. 2), holding the emu pew In 
front of y <hi until the N. point on dial cutm'lilm with 

ludex line. The algid lug line on glass ami Itimlnmta 

patches In mver |mlnt tn the olijeetlve. 

It la not always possible to aHeertalii the bearing- by 
algid, an the conipaiw la Oieu Net by ineana of a map, 

Thin In done hy ruling a llue through the point of de¬ 

parture to mark Ilie mugm-Hr N. and H. line, and a see- 
oiul one lo the objective, to mark the line of advance 
(aee Fig. ,i)- Departnre, laitalcm; objective, Oodal- 
“dug). 

The iiimiHiHH In laid along the one allowing advance, 
ami carefully adjusted by laying the sight of lid and 
bow ring at UWk over the line. The Index la now ahlft- 
cd until It exactly enlncidea with the N. and H. line. 
The COUIIWKK la then ready for oae. 

The Value of Blrdi to' Man 
Amoho the too logical arUolea in the Smithaonian 
Annual Report ii one on the value of bird* to mao, in 
which the author, Mr. James BuekUnd, of London, 
make* the astounding itatemont that, although man Im- 
agtagl himself the dominant power of the earth, be b 
nothing of tha sort, the ton* lords of the nniverae being 
• From Tkt Hlulmd War V*m, pahlUM by rkt /Hat- 
I rated Lea d en Ifetea 


the insects. For although man has attained predomin¬ 
ance over the most Qeree ami powurful animals and moat 
deadly reptibm, he and hla work* would be of little avail 
before an attack of inacata, which include a greater 
numlsiv of species Ilian all other living creature* com¬ 
bined. Home 300,001) Hpeeiea havo been described, 
while |MM»lhly twice Hint number attU remain unknown. 

The author says that these incomputable hordes feed 
on nearly all living animals and practically all plants, 
and multiply into prodigious uumlient in an incredibly 
short time, ("(imputations show that one specie* de¬ 
veloping 13 genemUms a year, would If unchecked to tho 
twelfth generation, multiply lo 10 eextUlkma of indi¬ 
vidual*; while a Hingh, pair of the weQ-known gypay 
motha, if uneheeked, would produce In 8 years enough 
progeny to destroy all the foliage of the United HtaUv. 
One pair of potato liuga, he states, would develnp un¬ 
checked (10,000,0011 in a single season, at which rate of 
multiplication the potato plant would not long survive. 

According to Mr. Iluckland's article, Insects are quite 
aa astounding in their consuming qualities as in their 
rate of increase; a caterpillar cuts twice its weight in 
leaves a day, and, in proportion, a liorse would oonMuna 



Fig. 5.—What thr obaervrr sees In the prism-box 
or a prismatic compass. 

Thin (llasnuu xlmwa In Ole (unsllcr circle what the observ¬ 
er might «,»■ lu tskluii s Uearlug, bolding tha Inatrmueiit 
as lo Fla 1 The larger circle represent* dUgraminatt- 
,-nlljr the window. A. (root alght on window; B, back 
alght silt In prlam-het; O, dlalaut objective. 

a ton of hay in 24 hours. Certain flcah-oaUng larvae 
consume 200 times tlieir original weight In 24 boon; in 
this manner an infant would devour 1,600 pounds of 
meat during the first day of its life. H in reported by a 
specialist, that the food taken hy a silk-worm in 66 days 
nquals 86,01)6 times its original weight. AU of which 
facta show what tremendous destruction Inacata may 
cause. 

Through its predominating insect diet, and on account 
of its exceedingly rapid digestion, the bird becomes the 
most imUspenxihle lolaucing force of nature; without 
its Bjsdstnnop, man, with his poisons, the wealhor, and 


animals, aa well aa the parasitic predaceous Insect*, 
would be helpless. The anther then state* how the bird 
is a benefit to man In a great number of wajra; in cheeking 
Insect Invasions, in preserving forests and orchards; their 
service tn the meadows and gardens; their value In 
protecting live stock, and their usefulness In the pre¬ 
servation of health and elimination of dlmao. 

Remarkable instance* of the birds’ service to man in¬ 
clude the introduction of the English sparrow Into New 
Zealand with the resulting elimination of tho thistle 
and the caterpillar which were ruining the land and 
crops, and the saving of Australian agriculture from the 
grass hoppers by the alraw-neoked ibis, tn individual 
craw* of which an average of 2,400 grasshoppers was 
found. The story of Frederick tho ()n«t, wherein be 
la alleged to have on bold all small birds killed because 
the sparrows had pecked at some of hi* cherries, and the 
resulting lack of fruit but flue crop of caterpillars two 
year* later, provis a graphic lemon. Tho "Boalp Aot” 
of Pennsylvania, which [mill in hounllea (00,000 for the 
extermination of hawks and owls, lost for tho State 
(3,860,000 in damage to agriculture due to the Increase 
of small rodents which resulted. When Montana was 
free from hawks and owls it became an overrun with 
destructive rodents, that the legislature offered rewards 
for them—a task which the banished hawks and owls 
had performed free of charge. Rut during the ftrst six 
months such large sums of money were paid out that a 
special session of the legislature was called lo repeal the 
act before the State went bankrupt. 

In chsting, Mr. Buckland makes a plea for the pmHM-va- 
tkin or all birds as a valuable natural resource, stating 
that if their destruction is not cheeked, there will lie 
wrought a mischief, a universal disaster, greater than 
words can express. 

The Italian Aeroloftcal Service, which lias been in 
operation since May, 1012, prolmbly represent* the moat 
thoroughgoing attempt that bus yet las'll made to main¬ 
tain a daily survey of the direction anil force of the 
air currenU at various levels over an sera of national 
extent. As compared with the analogous Herman ser¬ 
vice (WeHerditnM /Hr Lojl/ahrar), whioh has 21 stations, 
the Italian service has. In a smaller area, 31, and has thus 
far published the results of observation* on a much more 
extensive scale. The latest undertaking of the Italian 
earvioe is a dally bulletin, with oharta, showing the winds 
at various levels over Italy, as observed at K A. M. and 
3 P. M. by nuau of pilot balloons and nephueoupva. 
The servioe baa also published detailed discussion* of the 
obanrvalions, whioh bring out many interesting facts 
regarding tho air circulation at various levels in con¬ 
nection with barometric condition* at the surface. Tim 
director of this aeronautical weather bureau (which 
appear* to lie entirely independent of the regular meteoro¬ 
logical servioe of Italy) is Oapt. Luigi Mattoiml. 



How aeiMM aids the soldier la lidUg Us way across eoamtry by sight—tk* working of Urn prtc- 
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Nepal* 


Notes on a Visit to a Country Inaccessible to Europeans 


Nkfal In unique Id tbt* respect, that It remains a 
solitary Instance In the world, ot a friendly country employed to elteet tills surrounding consisted of two were ml to let It drop, 
which, from political reasons alone, Is Inaccessible to regiments of Nepalese soldiers directed by the general lane of strong ikjhIh ext, 
Europeans. for, though daring nearly a century our liwblef of the Nepalese array. After the wild elephants, gradually widening into 
relations wltb Its rulers hare boon perfectly peaceful, about thirty in auinlicr, bad been surrounded, a lino of like a funnel, and were 
and latterly even cordial, and though tbe present ruler guards was Immediately stationed at posts tlftoen to bung on poles, to form i 
of Nepal Is a man of Hurtqieuii culture, speaking |nt- twenty yards apart all rotiml the forest. At each of alley. The wnlla of fhc i 
feet English. and umlerstnudlng Kugllsh custouis, iriII- these posts three soldiers were on guard, who built to It were covensl by gr 
ties and civilisation In a way that few Oriental rulers themselves grass liuls, hihI kept liras burnlug all night elephsnis might nol susii 
do, he has rigidly adhered to the iiolley Instituted sixty 

years ago by tlie all-powerful minister, Jung Halmdur,_ 

and has malntnlned a system of gnverumeul which nmy 
be best described as a paternal despotism fotindrd on 
the reltglon and eustoms of bis people. It Is, therefore. 

Impossible for Rnropcans even to enter Nepal unless 
s|s>elaMy Invllrd, ns we were, by the British Kesldent 
at Katmandu, Colonel Mnnncra-Bmlth, V.C., or by the 
Mubarsja Hlr Chandra Hhamsbor Jung, (I.O.B., (I.C.H.I, 


By Henry John Elwcs, F.R.S. 

and reeds high enough to conceal eleptranls. Tlie force falling gate on one side, suspended I 


let It drop. From the eu 
iig posts extended for twi 
Idenlug Into two wings, y 



learned that It Is iswslble to do whst hs» never been 
done by any other European government—to live ns 
neighbors on a frontier of over five hundred miles 
wlthiwt any frletlon wltb an Oriental nation distin¬ 
guished for the bravery and patriotism of Its jicople. 
And after eomparlng the conditions which exist In the 
kingdom of to-dsy with the state of some parts of 
Bcugsl in recent times, 1 tldnk that we ran learn much 
from the Nepalese III the art of governing primitive 
raismtaln races. I will refer those who wish to know 
more of the country to Hlr W. W. Hunter's "I,ire or 
Brian Hodgson” (1890), who resided In Neisil ns Bril- 
Ish Resident for many years, and who was the first 
to make known to science a great numlier of lls nnl- 
mals ami hlrds; or to the “Imperial OsxetU-er of India," 
Vol. XJX. (1908), where an excellent account of tbe 
country will lie found. 

We arrived at Gorakhimr, In the United Provinces, 
on February Oth, and met Colonel Manners-Smith, who 
had kindly Invited us to Join him In ramp nt Blkna 
Tliorl, on the Nopal frontier, to ace a kheddah which 
had been arranged to take place near the locality where 
King George had aueh grand tiger ahootlng when be 
was In India for his coronation. Wn arrived at the 
frontier by rail, and redo up to a camp In the low 
miter range of Mils which Inclose a flat, and In some 
places marshy valley, a little higher than the Tcral. 
The usual system of cstelling elephant! In Nepal dif¬ 
fers from that adopted In other parts of India which I 
am about to dcsrrilie, and la much more dangerous both 
to the pursuers and the pursued. It consists of driving 
the wild elophanb Into a valley where they ran be 
surrounded, and then, after separating those which It 
Is Intended to catch from the herd, overpowering them 
by special fighting elephants and tying them up separ¬ 
ately. In these flghta many of the elephants are In¬ 
jured, and fatal accident* to the men employed are not 
uncommon. Bnt on this occasion the Nepalese govern¬ 
ment had determined to try the system of kheddalm 
usually adopted In Assam and flouthem India by the 
Indian government, and had obtained tbe services of 
Mr. Armstrong of the Bengal police, and of some of 
tbs drilled elephant catchers formerly employed by the 
government kheddah department ft Dacca, which has 
now been disbanded. This vallcy and the hills sur¬ 
rounding It are of much tbe same character as the 
Debra Don, and are covered on the dryer land with 
forest, mainly composed ot sal and other tree* often 
of much larger dimension* than those In the Dehra 
Dun or In the ftlkkim Tore), and In Hie open and more 
marshy parts by a heavy grass Jungle, which forms a 
sanctuary for wild elephant*, tigers, rhinoceroses, and 
other game whb* are preserved for 1 two and sport. 
At tMs season the country la dry, cool and healthy, hut 
In the rainy season very hot and malarious. The next 
day we rode on to tbe large camp which had been 
formed for the men employed In the elephant-catching 
operations on the banks of a river, and found that a 
eotmttenMe number ot wild elephants had already 
bean surrounded In ■ piece of forest about four miles 
la ctanmfennoe, hounded on Oh south by the outer 
fsage of hills, on the west by a rtvsr whoss tod was 
W partly dry and open, and partly ^yvtred by gram 

Lim ^ fjM**m*i*m*m**i* 



A herd of wild elephaats penned In ■ stockade. 


to keep tbe wild elephants from breaking out Dnr 
ramp wmh mi the low banks of a river overlooking tbe 
scene of rqieratloiia and dose behind the guardllne. Tbe 
first thing to do wns to select a position for and build 
a storlude Into which the elephants could be driven, 
and In this matter the old Jemadar from Dacca, a vet¬ 
eran of seventy yean who bad spent bis life In this 
work, was the best adviser. Ho Insisted In going nlune 
on foot. Into tlie ring where tigers and rhinoceroses were 
known to he at large with the wild herd, In order to 
choose the most suitable place. For long experience 
has shown that wild elephants cannot be driven like 
cattle, and It became evident, from tbe frequent at¬ 
tempts which they made at night to break out In a par¬ 
ticular direction, where was the beet place to build 
the stockade. This took three days of hard work, aa 
a large number of strong posts fifteen feet long by eight 
to ten Inches Ja diameter bad to be fixed In the ground 
and s up ported by struts tod cross-bars stroog enough 
to resist the p ro w ers of the herd when drives in, Tbe 
MM t droulAi «aoa tty tut am* wttk • 


Dip four nights that we were In camp waiting for the 
Ntoduido In lie built, there were constant alarms at 
various ivoliitM on tbe line, as the wild herd, after drink¬ 
ing In tbe river—where we could oflcn sec their hacks 
sail hear their trumpeting and screams from our tent* 
- made efforts to find a weak spot In the gunnl line, 
on the second night a wild tusker, supposed to Is- a 
rogue, broke Into the surrounded area from tbe out¬ 
side, nnd made the Inclosed herd very uneasy. This 
tusker wns very bolil, and one night, Jnst after dinner, 
lie rame down and stood within twenty yards of the 
Arm where a crowd of excited men were yelling and 
firing blank charges In bis face, and wo qalte expected 
that he would attack and break out But though we 
saw him quite close In the moonlight be eventually 
retired and tbe camp lieramc quiet again. On February 
12th, after several alarms In the course of the night, 
which must have been a trying and anxious one for 
the guards, who bad sow been for four consecutive 
days on duty. Mr. Armstrong a nn o uao s d that all was 
ready, sad that about Hot* o’doek, wbre tiw ataptaBtl 
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were generally quietest, the drive would take place. 
Two platforms had been erected above tho atockade 
Into which wo climbed, and the driving-port/, under 
tlie command of ArniHtrung uud the old Jemadar, were 
mustered. The Nepalese were aeloi'tod from the most 
experienced Jungle men, and between over; two of 
them one of the Dacca men accustomed to thbi work 
waa placed. Absolute silence was ordered at the stock¬ 
ade when the pnrty marched off In two lint*, which 
spread ont from the stockade and swept the whole of 
the forest within the guard-line, and wlien the leaden 
met on the far side, is-rhaps a mile away from the 
stockade, gradually closed In toward It After waiting 
an hour or so we heard a great noise accompanied by 
many nhots from the guard-line, which told us that the 
elephants were on the more, and the noise tame nearer 
and nearer UU we thought that tlie herd must be within 
the wings of the stockade; but after a time the noise 
died down, snd for an hour nothing more waa heard. 
Tlie same thing happened again, anil nt last Armstrong 
came Iwck to the stu-kario, very hot from his exertions, 
suit told us that the Neimlese drivers were so excited 
and keen that he could not keep them In order, and 
tliHt <hi tho first occasion the elepliants were on the 
point of entering the wings but were so frightened 
by the noise that they broke back. After a consulta¬ 
tion It waa decided, no the advice of the Jemadar, to re¬ 
move the cloth screens to another position where the 
grass waa thicker and wait a hit before trying anotber 
drive. This was done, and about fl P. M. a Anal and 
successful effort was made. The elephants came on 
within the screens, and then Armatrong and his men 
lit gnu* (Ires behind them, auil by dint of tiring and 
yelling got them on the move toward the alley, Into 
which an old cow tint came rushing down. Tlie ntbera 
followed her, and as soon as they were all within the 
wider port of the alley the crowd of men yelling and 
firing rushed them forward In a long line. We could 
only see their backs as they came down the alley uno 
nftar another and entered the stockade with a rush. 
The rope which held up tho gato was cut a little too 
soon, shutting out one or two of the hindmost elephants, 
but these were determined to follow their companions 
and forced tliclr way through the gate, which wss so 
hung as to inish Inward. The whole herd was then In¬ 
side. anil nutll It was dark they continued to go around 
and round In a dense crowd, while the men who sur¬ 
rounded tho stockade prodded tliclr trunks with spenrs 
or Bred hlnnk cartridges In their faces when any of 
tlie larger ones tried to force their way through. It 
wns very curious to see the way In which the young¬ 
est elepliants, of which there were three only a few 
months old, managed to save themselves from being trod¬ 
den down, liy k<s>plng between their mothers’ forelegs, 
and the care which their dams took to protect them. 
As It was then too late to begin to tie up the animals, 
wo left tlie stockade at dark to the care of the guards 
who had now left their posts and come to the stockade. 
Next morning we returned to soe the process of roping 
aiul leading out the elephants; but though several of 


now had to do In such a dense crowd of elephants. 
There wss not room enough for the nocsers to go In 
on foot, and tho constant movement of the crowd surg¬ 
ing round and round made It very difficult to get nooses 
on their feet from the outside. This work requires ex¬ 
perience which the Nepalese had uot previously had, 
and from the pictures, which wore t* 

In Southern India where they have a 
lussdng In a Mtuckmln, It seems tluit they are there 
more udept In whnt seems a meat dangerous work. 
Rut though Die mahouts had spears with which the 
prick the trunks of an)- wild ones which might attempt 
to touch them, I never saw one offer to do so. Many of 
the captured elephants now seemed to act very tired and 
thirsty—as well they might be after such days and 
nights as they hud endured—and we never thought the 
young ones would have survived; bat though It took 
three days before the whole thirty-three elephants were 
finally tied up and pulled oat of the lnctosare, not one 
was seriously hurt, though several of the oldest were 
released as not being worth the trouble of training. I 
will not occupy your time any longer with an account of 
this process, which has been well described by Sander¬ 
son and others. But though native mahouts, who have 
spent their lives among elephants and have Inherited 
from their fathers a knowledge of their management In 
health nnd In sickness which few, If any, Ruropeaim 
have ever acquired, I believe that a lover of anlmali 
who would pay the same attention to elephants that 
many Englishmen do to bones would learn a great deal 
which would be valuable In mans gin* the elephants 
which are still Indispensable In the foneta of India, 
and might be even more useful In some parts of Africa. 

Ten days later we arrived at Raxaul, a frontier sta¬ 
tion a little to the east of Rlkna Tbori, where the Resi¬ 
dent has a bungalow, and when he bad made anaaga- 


the outer range of Mite 

a low rocky 

range In which, Maos longifoU* te t noticeable but not 
Important tree; and pamlng through a narrow gorge, 
where In many places the dry river-bed Is ths only road, 
sometimes lmpwaablo In the rainy season, we cr ossed 
an open valley where the cotton tress, Bomb— malm- 
hrUmm, were of great rise. One of which was 130 fset 
high by 30 feet In girth at 6 feet from thfl ground, and 
about 00 feet round the buttresses at ground level. 

We then followed the banks at a rim Along a road 
practicable for bullock carts and wooded with troptosl 
trees, but not nearly so luxuriant or so varied In Its 
vegetation as s volley In Btkklm of similar elevation 
would have been. The Urge white blooms of a shrubby 
climber colled Beaumonttm were at this season the only 
Htriklng flowers I sow, and along the rood there were 
but few birds to be seen, as numbers of bullock certs 
were constantly passing. In the evening we reached 
Khlmpbedl, s Urge village at the foot of a 
of mountains over which the path la quite Impracticable 
except for cooties; and here we were met by a party of 
men with doolies and torches, who eunsuwed aU the 
bearers I have ever seei 
n man of my weight in 
n gradient of thirty to forty-five 
with rolling stones was a work I should hardly have 
thought possible till I experienced It; and they only 
stopped for a few momenta to relieve each other on an 
ascent of over 2,000 feet Near the top of this moun¬ 
tain, the Resident has another bungalow at Hlaagarhl, 
between five and six thousand feet above the sea, where 
we found dinner and beds ready. Next morning we hod 
a flue view over the outer Mila, snd found rhododen¬ 
dron* to flower and evergreen oaks all around us on the 
dry grassy hillsides, reminding me far more of Ohak- 
rata to the Northwest Himalaya than of anything In 
Sikkim. Next morning we went on with the same 
doolies, and after cross tog the ridge at about 7,000 feet 
descended oo foot by a very steep rocky path through 
a fairly thick forest oo the north side, where, though 
some orchids appeared on the trees and climbing plants 
mol ferns were numerous, the whole aspect at the 
vegetation was utterly unlike the much damper forest 
nt similar elevations to Blkktm. At the foot of this 
mountain we found ponies kindly sent by the Ifaharsji, 
nnd turned northwest up an open dry valley, cultivated 
In places with wheat and mustard as winter crops to 
son II terraced and Irrigated Adds, and passed over 
Imre grassy downs on which a plantation of Pint cm- 
ivlta had been made. The villagers’ bouses wera built 
of brick snd roofed with tiles, mostly two-storied, the 
tipper floor being Inhabited by the people, and the lower 
used for cattle snd stores. A small primrose, Primula 
Hun rod, a Polygonum like P. twocM/oHass, and s small 
stem less Tragopogon were the first signs of spring. 
Crowds of Hindu pilgrims on their way from the plains 
of India to a religious festival at P 
the road, nearly all walking, but 


travel In Astatic countries, Including Asia Minor, 
Japan, Formate, (tains, Java, the Mata* Pen¬ 
insula, and with an Intimate knew lodge of Hkktai and 
other parts of India dating back to 1870, 1 formed the 
opinion that the government of Nepal is a form of 
government wan sotted to the Ideas of Oriental peoples. 
Though th* rulers of Nepal have rigidly hsvt their coun¬ 
try free from European education and commerce, and 
bars strictly adhered to the tenets of their own reUgkm 
and customs, yet the facts that the people appear 


» may be proud, 


India, to remark that this was the only country he had 
ever seen where It waa possible to pom thousands of 
women without a smile on the face of one of them. 
The contrast betweon their resigned 
expression and the smiling faces of the Nepalese 1 
who crowd the baxaar and as porters 
stranger on hie arrival at Darjeeling, la very striking. 
In the afternoon we ascend another steep ridge through 
forest mainly of evergreen oak, and at ths top had oer 
first view of the great open valley of Katmandu with 
the snowy mountains In the background. The great 
m>ru valley terraced and cultivated wherever possible, 
with the city of Katmandu in the middle of it, and bare 
mountains covered with brown grass and scrub on the 
south exposure, formed a scene which, though beautiful 
In Itself, waa so unlike and so very inferior ha grandeur 
tu the scenery of glkklm that I ootdd hardly believe I 
was only two hundred miles to ths wait of that an- 


Pllgrlms, and coettas carrying Immense burdens of 
ironware and European goods oo tin way to tbs valley, 
crowded the path; while 
laden with coarse dirty wool from the Interior, me 
last descent was ao steep and dtiBeult that a horse- 
dealer bringing 
In getting them i 


army la sue of which any Oriental el 
end that law and order prevail to an extant which hu 
kept the relatione of their people and ours peaceable 
and friendly for a very long period, prove that each 
■ form of g 
dormers os; 

ditlon of Nepal la compared with what it w 

bloody quarrels among the ruling 
of the Royal Family were ooaioou. 
oue must admit that for a country where tho land suit- 


products offer few openings for trade or manufactures, 
fortunate. I cannot help 
In the friendly 


with the attitude and comparative want of sympathy 
between Ruropeens and most other natives of India, 
One cannot work long with Nepalese without acquiring 
a respect ind liking for their pluck, endurance and 
cheery goodwill under conditions of danger and hard¬ 
ship ; or Ignore the devotion they show to Englishmen 
who treat them properly and understand their ways. 
As pioneers on the northeast frontier of India they 
hare no rivals, and though there la much difference be¬ 
tween the various osstes and tribes, yet, on tho avenge, 
I prefer them to any other natives of India With whom 
I have had to do. The fact that we are able to recruit 
and maintain no leas than twenty battalions of tho 
I lest native Infantry In India entirely drawn from Nepal, 
and that the laborers employed to the large and Im¬ 
portant tea Industry of British Sikkim have been almost 
entirely supplied by Nepalese Immigration, proves the 
Importance to British India of our friendly relations 
with Nepal. 

The Maharaja has done much to Improve the native 
breeds of cattle, and has imported from India and 
Europe bulls of various breeds with this object He 
is also trying to Improve the sheep with rams from my 
own flock. The native sheep are a large coarse wooled 
breed, similar to those kept by the Nepalese on the fron¬ 
tier of Sikkim and commonly brought to Darjeeling for 
mutton, and are able to endure the cold and wet climate 
(if the higher ranges better than the Improved breeds In 
England would probably do; hut below, about 0,000 or 
7.000 fast, it la not a country generally suited to sheep, 
though goats are numerous. 

Buffaloes are kept In large numbers in the Tarsi, 
and are valued for their milk and meat, but do not 
seem to be used for agriculture aa ranch aa In Formosa, 
where on steep hillsides, lying with a slope of twenty 
to forty degrees, narrow Irrigated terraces are ploughed 
by buffalo**, which are much a 


In Nepal, aa ti 
done by hand labor, and Irrigation Is general wherever 
water can b* brought In ths dry weather It was im¬ 
possible to Judge of tbs crops, but the rice and mate* 
stubble did not tndlcato such good mO aa In Sikkim; 
and I baHava that the area of land available tor coW- 
moat parts at the 
to the popula- 


and the frootitr dtetricta of A 
Both mss frees their child bood acquire tbs-habit of 
carrying vary heavy loads oo tholi backs, sagieeUliy the 
tribss of tho higher terete who (tarry on nearly iH 
the trade between Nopal and Ttbat fc loado of from 
SO to 200 pounds over pathn that would b* taapareobte to 



received by Colonel Maaaen Bn ti tX 
It 1a difficult, If not 

off u 

pportonrof 

tho people In their 
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ttttoti wtfl eraetaallj Moot the town—i t to pay 
mm attmtifcm to touts tad todoatry thea they hare 
do— at p rra ra t la a problem float time alow can ootva; 
Dot off tffl now no pemlaim baa been firm to any for- 
tigsen ta •■touts oo each ontorprloo—Nepal for tin 
N epetoee boiag the ffirad potter of tha paat and prcoeot 

Of to* natanU btatoiy of Nepal I can a— little from 
porap—1 o——ration, bent on wo wen not able to vtott 
t— t— of the Interior, when an foam a great 
variety of Mrfle and animate whim have been described 
atator yea re ego by Hodgson, who, daring bis long real- 
daooo, employed native oollsctore to procure, am native 
artMa to draw, all that be ooold get In this way 
anat of tha rarer anlmala which Inhabit the central 
Himalaya wen ant made known to science, bat of 
tK»«r distribution tittle Is known. There are a number 
of genera represented in the northwest Himalaya by 
species different from those which an found In Sikkim 
sad Bhutan, am It would ha very lute resting to know 
whan these specie* meet, am whether they overlap 
and interbreed. Bat the mountains nearest to the val¬ 
ley, where alone the Resident am hie friends sn al¬ 
lowed to go, are too low, am so llttje virgin forest 
remains, that their fauna am flora are much poorer 
than those of Kumaon, Garwhal and Hlkklra. In the 
Maharaja's grounds at Katmandu wo saw threo living 
dear whim had been caught on the frontier of Tibet 
am of which little ia known to Knropeans. One I be¬ 
lieve to be a female of the apedea known as Germ* Wet- 
UdUt, of which e One male, now In the Zoological Gar 
dens, was presented by the Mshnraja to King George 
when In India four jeers ago Another la a male of 
Cent eftnU, which Inhabits the high forest country 
in the northwest of Bhutan, and whose antlers are wane 
times brought by natives to Darjeeling, where it Is 
known as the Shoe. The third is Cent TknroUi — 
C. elbiroatrU, discovered by Dr. Thorold 'In the country 
northeast of Lhasa am not known to be a native of 
Nepal. 

In the Maharaja'” palace, which Is a large modern 
bonding In Buropean style. I specially admired the 
very delicate carving which ia done by native carvers 
in a wood known as Dar, nfikmerla regulate. Wall.; 
this Is a very close-grained red wood, easy to work, nml 
found along the lower bills, hut not usually attaining 
a large she. The immense quantity of line woodcarv¬ 
ing, with which the older bouses of Katmandu arc 
adorned, shows the talent of the Neware in this branch 
of art, which, however, scorns to ho a dying If not a 
deed industry, as there are now no professional carvers 
except those employed by the Maharaja, and no ahiqw 
where such beautiful work ran be procured. Tlie some 
seema to be true of the workers In copper, brass niMi 
silver, who now work only to order, am I cannot help 
thinking that these arts might be encouraged by mak¬ 
ing an outlet for tholr work In British India, where 
there ia now a good demand among tourists and retd- 
dents for the flM metal work brought from I,ham. 
much of which la similar lu character to that of 
Nepal. 

To moat travelers the building*, temple* and ancient 
monuments of the towns of Katmandu and Hhatgaon 
are probably the greatest attraction In Nepal, as their 
architecture Is unlqoe. 


We must remember that although at the present day 
Bu d dhlm n am Brahma Dim both obtain In Nepal, where 
the two are Indeed Inextricably confused, It was not 
always so. When the Buddha made hla first converts 
In the Himalayas, Ova hundred years or so before the 
Christian Era, be foam Brahma ohm the established 
religion of Nepal. Therefore, just as birds, under the 
memory of the species to a once warm home, go north¬ 
ward with the spring Into Arctic lends, so there poor 
Hindus move northward to a home of the infancy of 
their filth, 

I have seen many pilgrimage s pilgrims from the 
farthest conflow of the Roman Church drawn to 
Imurdee to healing; pilgrims on their way to Mecca; 
Russians from Siberian wastes came down to the Jor¬ 
dan to the dipping of tbo shrouds that will enwrap 
them when they die; Hindus from far Ceylon bathing 
In the sacred river at Benares—hot this pilgrimage 
In Nepal was certainly In some way the most remark¬ 
able. Of thorn thousands of struggling men sod women 
many were Infirm and aged, some so worn by the bard- 
shl|w of the weary way that they would probably not 
live to see their homes again; a few who had money 
to spare to this advantage were huddled up in baskets 
on porters' backs. 

The Gurkha, as far as Nepal gore, only dates from 
the eighteenth century. We are here concerned with the 
Newar, the original Inheritant of the country. The 
Newar Is Tibetan, as Ihe Gurkha is supposed to hr 
Rsjpot, In origin. Hla ere the srts, the Industries, the 
agriculture. All, then, that we sue here In these pic¬ 
ture*—architecture, woodcarving, metal work, stone Is 
Newar in conception and workmanship. And although 
the pagoda In principle is Chinese, Us detail la so en¬ 
tirely different from that which we are accustomed to 
see In works on China, Its decoration is re vigorous, so 
unrofiventlnual, and so true to life, that Nepal may he 
said to bare a distinct art of its own, and that art 
ex pressed hy great artists 

The Newnr is primarily an artist In wood, and his 
control over that medium la astonishing. The decor¬ 
ative forms of windows, doors or plinths are not con- 
llned to shrines or to house* of the well-to-do; It is a 
principle throughout the land, some of the poorest coun¬ 
try cottages having most liesutlfal workmanship. The 
picture of a wayside cottage shows the same form of 
horseshoe-headed window, with its lattice, that we laier 
find olnboratcd In the wonderful buildings of the town. 
Kor although geometrical design forms the basis of this 
work, It Is not "left st that," as In the lattice scrreim of 
India aisl Rnnna, but, where the money was sutBcleut, 
Is overlaid by a complicated tracery of foliage, flowers 
or animal subjects. These are not only In their main 
lilies true to Nature, and therefore quite recognisable 
(notice the mango over the doorwayl, hut are arranged 
In a well-defined scheme of composition In the nusd 
artlstle way. The ability lo isirtray well-known ani¬ 
mals Is common oven to primitive ]*sq>le; the reindeer 
of the Cave-men are real reindeer, the antelopes of the 
Bushmen are unmistakably Oryx or Sable, as the ease 
may be. But these peopln, each In their day, were tbo 
children of the world, and their drawings, like all draw¬ 
ing* done by children, Insisted on detail aa the child's 
eye sere It. 

The Newar artist had advanced a long step farther; 


be was no nursery artist—be bad “arrived." He knew 
exactly how to generallxe, bow to IuhIsL on the lilg 
feature) that gave Ills plant or his auluiul II* recog¬ 
nisable character anil Individuality, anil how to drop 
all those details that did not toll. Amt this tvns equally 
true whether he worked in wood or in metal; less so. 
Iierhaps, in atone. Kor all tliat, when form demanded H, 
he could he as strictly conventional iin a Greek. As 
examples of this, notice Ihe conventional lulus tin tlir 
well-head and on the capitals of tlic monumental col- 

Two typre of temple nre noticeable In these picture* 
—the Ghaltya type ami the Pagoda tyi»- The first Is 
the Buddhist form, the other la Nejsilese Hindu. Tliesc 
latter are not found, 1 believe, in India, If we except 
one that stand* out nunilslaknlily among llie temple* of 
Bena.ro*—the plena gift of a Maharaja of Nepal. It will 
be noticed that each story at these imgialH temples I* 
supported by long wooden struts. Recourse to such n 
device lo support an overhanging plinth or other struc¬ 
ture Is elsewhere common enough; a familiar instance 
Is that of ihe Ponte Verchlo. But the Newar 1ms gone 
one better than the Tuscan, for lie has curved each strut 
elaborately from end to end. 

The shrine* would take a i«per to tbcntsclres. They 
are of wood, metal, and stone. In noticing their ex¬ 
traordinary wealth of decoration, It ia nnei-ssary to real¬ 
ise that nothing la Introduced without a meaning; that 
each detail, decorative as Is Its effect, Ims n dlsll.net 
aDd definite significance In the religions sequelae of a 
people’s worship. 

The doorway of the Durbar Hall In Hhntgnon Is, of 
coarse, well known as one of the greatest achievements 
lu metal In the world. It Is of copper overlaid with 
gold. It Is, Indeed, a thing of fusrinnttou; the folds of 
Its serpent seem to writhe, the llxnnl on Its lintel might 
he darting In the heat 

Rut of all the remarkable ami beautiful features of 
Ihe Street* of these Nepalese ell Ice. nothing holds the 
attention so strongly as the innilumcntnl statues I do 
not know whether these are absolutely pecnllnr to 
Nepal, or whether they are also met with In Tibet: the 
writer, at leaat. had never aeon anything like them. 
They are aenlptured portraits of varlonH rulers who 
built the temple in front of which they stand. First 
there is a simple base, then a square stone pillar, prr- 
Impe 30 to 150 tot high, then a beautiful cnpltal of lotus 
imttern. On this Is |dneed sometime* a throne of cot* 
per gilt, based on animals—elephants or others. On 
the throne the Newar king la seated, with the cobra or 
a gilt umbrella a* a canopy above him. In mane ex- 
amplre bln family are about him; In others lie sit* upon 
no throne, but kneels In an attitude of adoration liefore 
Ihe temple of his gods. No description could adequately 
convey an Idea of the extreme and beautiful dignity of 
these monument*. What they owe to their surround¬ 
ing* it i« impossible to say; they belong to Niqml Mad 
not to Trafalgar Square. There are, at any rale on 
the Matdnn of Katmandu, some very fair equestrian 
figure* of Mnhnraja* that are of western making: and 
to come upon these after the others wn* to change the 
sublime for the commonplace. Hecn where they were, 
these column* of the rulers seemed slrneturally, disair- 
allvely, spiritually, and lu their beautiful repose, a tlnal 
word in art 


The CoariMstioa of Co*l la Boiler Fnnueea 

In a preliminary report on a aerie* of experiment* 
contacted hy J. K. Clement, J. C. W. Framr, and a H. 
Augustin* on the factor* governing tha combo*tion of 
coal In hollar furnaces at the Bureau of Mias*, the fol¬ 
lowing practical points an noted. Thaao suggestion*, 
together with a detailed account of the flrat of a aerica 
of experiments on the abovo subject, will be found in 
Technical Paper No. 63. towed by the Bureau. 

Tha atodert aa* of coal ia dependent on propor fur¬ 
nace dmdgn aa waB aa on proper Bring and eonlrd of 
th« fnraaoe. Many, furnace* are teijit without regard 
to the apodal charectariatie* of the fuel to be n»«l with 
the remit that tor years fuel ha» been banted in an 
and wasteful manner, and ao aa to aggravate 

A ?g*tbed«]gn of boiler furnace* tho requirement* of 
etoatant i irahmtlim hara been made aacoodary to many 
loaa Important factora largely hectare of a tick of defl- 


Comhuatlon t* Influenced hy many factor*, the moat 
Important of which are tbo following; The volume and 
nbapo of the combustion chamber; Ihe kind of fuel uwd. 
especially the amount and character of the volatile mat¬ 
ter and rate of Bring; the rate of heating the fuel: the 
air supply; the rate at which air 1* mixed with the 
combustion gase* in the furnace; and the temperature 
of the combustion chamber. 

The composition, as well aa the amount of volatile 
matter given op by a given coal varies greatly with tho 
temperature to which the cnal ia heated end the rate 
of heating. Tho Infloeoce of temperature on the amount 
and composition of the volatile matter distilled from 
various coal* ha* been studied by Porter and Ovitx of 
the Bureau of Mine*.' They found, for extraple, the 
following raises to the volume of combustible ga* 
given off in ten minute* from 10 grammes of air-dried 
ISwehonta* coal: 


nlto teflMggttoo Abort toe prodrae* tf combaetion. ^ . *oo too mo two 

Tito ooadMttea od cert may be eonWared a. taking Velon . * rantmrau* »»*. 

plece In two stages: (1) Dtetfllatloo of rotetH* matter un*mr. . .-■•■■■■• » « ° i ; wo ».m o 

and partial Mtatihto oo the grata, gad <S) combos- The amount of tar produced increase* wltn increase 
toto twHto T Tit*** ehu£er <4 toe fue* rising from of tempera tire in about the same proportion aa doe* the 
n* *lZL iTSkajaTaeBodd *»«■ of the prooera volume of eoertmtoible gnaee. 
toty.lin eamatete, ft to opterttol that the eombeatile The heavier constituent* of tho volatile matter, wpe- 
ntrttotttintoto-rtt'hm tot fuel bed wtoeln long enough dally the txr, do not bora readily end require more 
tq tifltomtfMttra tounbto to he entirely b ur ned baton time to eonlmtiM. The higher the temperature at 
totolSrAtaTUtortMt rttt fltorrtatiralyahU which fltetiBetioa tikes piece, therefore, the greeter la 
to*'* to too in tot the amoant of volatile matter feawn <* and the more 
ft **>■#*& * *■ TpttUf. B. c. era <Mt*. r «.. rt raMiio'imtM it 

fir llff top I tfflrfW -**-*”“* — aiiMl, Btottu to Mm itio, M pp* i pi* t igt- 


difficult I* the combustion of It* constituent*. A rapid 
rale of heating of (be fuel produces a rapid evolution 
uf alow-horning volatile matter. A alow rate of hcHt- 
hig result* In a gradual and nnlform llberathiu of inla- 
llle gases, which arc more readily comhiiNtltile. One 
advantage in the in of the Hutomatle stoker over luiml 
firing is that In tho automnllr stoker the cnal la healed 
gradually through the temiieraturr* at which (IImIIIId 
lion lakes place, wherea* In hand tiring tlie green runt 
la thrown <*■ the Incendcsn-nt fuel lied and Guib healed 
from rouui lemiierature to the furnace tem|N>ratiire. 

In the irate deneribod in Ihl* re|*irt tlie supply of 
ecal wan regulated automat lea tty Hud the rate of heat¬ 
ing was constant for oarh rate of firing. In a future 
Investigation It Ih planned to vary Hie rate of henllng 
tho eual ami to study the relnllun la-tween the rale of 
heating and the volume of emnlniHlhin apace required 

With the ly|ie of stoker nmat In the |e*ts the coal I* 
fed continually to the grate, and with proiier regulallni. 
of tha speed of the Htoker engine I lie llilckiiesa of find 
heil may ho kept fairly constant. In the tret* with 
Porn hem Is a coal the thlekness of tied earrlial was alanit 
six inches. No attempt lias been made to Ktndy the 
Mat Ion between different thicknesses of fuel bed nnd 
Ihe epnee required for combustion. There Is ample evi¬ 
dence at hand to show that exeesslre thickness of 1**1 
tovore the formation of CO by the renellon: CO, + C 
2TO, the reaction that lakes place In the gua prnlurer. 
lDcreealng tbo thtcknre* of the fuel bed. therefore, net 
only reduce* the combustion apace shove tne 1**1, tint 
produce* greeter qoantltira of CO. anil thus lucre*sea 
tot rotaat <4 eoatougtiM-cbambar *pm required. 







The largest built freight carrier on (he Great Lakes, Jaat after Isusthlng. 


Freight Carrying on the Great Lakes 

Whore Immense Quantities of Grain, Ore and Coal Are Moved in Bulk 


Wiiat Is iIiiIiimiI hi In- tin- lurin'*! liitlk freight steam 
nIiI|i In 'llii* world Iiiim Ini'll tiinstruotiil ut Oort Arllmr, 

OhiiiiiIii, to carry grain Is'lwcen ports on the tin'at 
Isikcs, mill linn u cn purity of 686,000 bushels. or sp- 
proxlimitcly a) tmliiH of 311 mm each. It Is 036 feet 
long, no fed I ten lu mid 33 feet deep, with a voter bot¬ 
tom, hiiiI side tank 614 feet, extending from the keel, 
up to the main deck, and from the collision bulkhead 
luick to tlie engine bulkhead, nml divided by a muter 
keelson, side Ittllklund mid solid Hoorn Into nfleeii wa¬ 
ter! Iglil niiiiiNirtmenlH, which inny lie flooded or puni|sit 
mil liidlv Idually, hh eundtUoiiH may mpilre. 

The iiniNlruriloii waa on the lnlicr-wond system, niti- 
slstlng of lonirltiidliiiil frames with tr.msverse sections 
of plate and angle, H|iaeed every 13 feel. The cargo 
hold, -134! feet 111 length, Is dlvlihil Into six iumpart- 
luents hj flve solid stud bulklnuds, enlmuee to which 
Is gnlmil by 38 steel haU-hes, (ipelilliR from the spar 
dii'k, anil siiaeisl 12 feet centers. Tlicae hatelies are 9 
fud wide hy 41V4 feet long, and are covered with sec- 
t Ini ml steel plate folding rovers, operated by steel 
midi's from two deck winches, nud clamped down with 
a intent tin tell fastener especially designed for this type 

Ttie jaiwer plant Includes one vertical, triple expan¬ 
sion engine, with cylinders 24, 30, 06 by 42 lurhes stroke, 
linvlng an Indlmtcd horse-power of 2,1*10 at 85 revohi- 
lloiis.is'r minute. Steam la furnished by two Scotch 
Isillcrs 1U feet diameter hy 1114 feet long with ludaced 
ilrsnglit. working under tlie pressure of 170 pounds per 
sipiure Inch. 

The stporlug engine la of the direct acting type, with 
p- hy 9-Inch cylinder*, operated wit* talamotor $ ear. quarter* on starboard aide. Oo tha port tide are located 


By Day Allan Willey 

The ehidro lighting plant fMialata of two 16 kilowatt 
generating acts. Installed In the engine room, with sep¬ 
arate circuits fitted for tho different parts of the ship 
Including electric mast head, stern and side lights, so 
arranged that should any of these lights go out, the 
fact will bo Instantly noted tn pilot house by pilot lights 
Installed therein, which are lighted automatically, One 
of the two 10- hy 30-lneh whistle* Is also electrically 
controlled. 

A feature very seldom fuiuid In die freight curriers 
Is an b-c machine iHrge enough for refrigerator Cotls 
amt In- tauk of two tous cninclty. The Hpnr dock for- 
wanl Is llttnl up for imssengers, ami ts finished in hill 
imiM'l of tuahngAiiy. nmtHlulng four sUtcnssns mid 
laitli, oficning off a large reception room, which tiitn- 
inunliiilcs by stairs to an observation room on the fOre¬ 
l's idle deck above. 

The captain’s quartern arc In the “Texas," ami are fin¬ 
ished In quartered oak. Including office, a bedroom and 
hatb, with a stairway leading into a pitot house 
directly overhead. The forward crew’s quarters arc 
located on the main deck, and am finished In uak with 
white pine ceilings, each room containing bertha for two 
people, with eid-ptlon of tbc mate, who has a separate 
mom. These quarters Include bathroom, shower hath 
and law reading room for the sailors. The after deck 
house contains a private dining room for passengers, 
finished In quartered oak with white pine ceding, and 


quarters for dock hands, stewards, the galley, and lee 


BritUh Shipping Tonnage 

ttTATJSTicAi* tablet Issued by IJoyd’a lloglatcr give 
the merchant Teasels of the United Kingdom on Decent- 
tier Slat, 1914, approximately an follows: 

Vends. dross tons. 

Htea iu . 12,H64 1U.146J4H 

thill ... H,2t« 984,384 


21,067 

This la tlm first time, says the Hhlpph tp Qaeclte, that 
the figure of 20,000,000 tons ban ever been leached, and 
It was Httaliied after five months’ effort on tbe'part of 
I lie soi■oml greatest maritime power to wipe, 11 ]kmh 
our merchant shipping off the sens. To mako the 
pmwdvenesM of the figures still mom clear, let us 
(fiat the tonnage referred to In that registered In 
United Kingdom alone, for It does not Include that 
tstered In other parts of the Kmptre; and that the corre¬ 
sponding figure on December Slat, IBIS, waa 1A004JMO 
tons. 

(itsuminetitly, during a year, which ludades fire 
months of ocean warfare, the register of the United 
Kingdom has Increased hy «M.«W tons of shipping. But 
It ta really better than that. - There were added 48*407 
tons of steam, and removed 67,477 too* of aall. Thus 
the net gain of 404,830 tons la a moot) Iargar addition 
than It appear), beeanaa atsam tonnage la more affec¬ 
tive thaa sail, la tha preporttoo of * qwrvfbf 
ijDfiltW fifty Fthjptyli 


mrl 













kinds, Is so deUcnte tbat It will not stand trausporta- 
tion for Ion* distances, so there lire few regions where 
this delicious fruit Is In its best form; hut the perfec¬ 
tion of modern canning processes now mskes It possible 
for people snyhero In the world to gel the pineapple in 
a renlly desirable and satisfactory form. 

In the bus!new of canning pineapples Hawaii luis 
taken a loading position, a result of nbundant snmdles 
of fruit of a superior flavor, and the most modern and 
sanitary methods of packing, and the growth of the 
Industry Is Indicated by an Increase of from 2,000 cases 
In 1001 to over two million cases In 1014. This phenom¬ 
enal growth of the locking plants lias left little time 
for the study of details, and heretofore there has been 
considerable waste in the processes: but that this Is 
being corrected is shown by the following notes from a 
pamphlet on I be Industry recently published by the 
Liepartmenl of r-ommerce. 

Within the last year or two a demand has been cre¬ 
ated for the cores, which were formerly thrown away. 
Them cores are not unusually stringy or tough In the 
ripe fruit of the Hawnllau pineapple, and make a much- 
llkml product of the confectionery trade when mannrac 
lured lulu chocolato-cunted or glace pineapple. At one 
ot the factories It was stated that the demand for these 
cores whs greater than the supply and that some at¬ 
tempt had been made to cut the whole pineapple Into 
Miuare atrlpa about the al*e of the core to correspond 
with the Singapore chunks. This has not proved alto¬ 
gether successful, however, because tho flesh la too ten¬ 
der to hold together aftor opening the cans and during 
(he process of further manufacture liy Iho confection¬ 
ers. The cores are usually packed whole, but a few are 
cut Into shorter lengths They constitute about B per 
cent of tho entire pack. One of the larger factories has 
been unable In dhqiusc of nil the cores produced, und 
(Ills suggests Hint a projx-r campaign among Ibe nmCec¬ 
il oners using pineapple might result hi the siibxlllutloii 
ol Hawaiian eons for Hlugsisire chunks. In view of the 
suiiertor flavor and texture. 

The greatest waste existing up to- the present lima In 
pneking wan from the loss of the Juice, The pineapples 
as brought In from the Bolds are fully rl|ie. and the 
fruit 1* per men Ini wlUi a luscious Juice, which Is 
pressed out and wasted at every process of cutting atal 
h-indUng hy the varioua machines. Tho disposition of 
Ihls Juice had become a source of considerable expense 
daring the busy season, and In some of tho larger can¬ 
neries more than 10,000 gallons were dally pumped Into 
Ibe sea. To avoid this expense, soveral of the factories 
hare commenced bottling the Juice. One of the methods 
followed In the bottling U as follows: After being 
caught In vessels or trough* Maced under tho different 
machine* the Juice la placed In a press and strainer to 
seliarate It from any particles of fruit that are collected 
at the mat Hum. It Is than pumped through aluminium 
pipes <which are not affected by the add of the fruit) 
to a Alter through which It percolates. It la then 
brought to the boiUsg point In a dlrer-Uned rat, aftor 
«hWk ft hi Mind, mMV «aA xoma Omtcw* 


cun be used ns a beverage without sugar ur water, it 
Is Improved by the addition of crushed Ice. As this Is 
only a comparatively new product, the iiuanlUy so far 
bottled baa not been large. If the market mil lie devel- 
mssl as rapidly for this pristucl as It luis been for the 
canned pineapple llaclf, a valuable addition will have 
lieeu made to the earnings of tho various canneries. A 
promising market for tills Juice should lie found In 
tropical countries where beverages of various sorts are 
constantly used, especially In Ibe countries where re¬ 
ligions prlnclplpi hare made the Inhabitants total 
nlistaluers from fermented or dlrinig liquors. 

Various experiment* along different lines have been 
made during the last few year* In an endeavor to flml 
a use for this Juice by-product In the manufacture of 
ilIfolinl. vinegar, or other experimental products, but 
the ureal demands already made upon tho various cora- 
isiules In keeping pace with the growth of their fac- 
turlm or In the study of machinery fltled to simplify 
the preparation of fruit for caunlng have made It Im¬ 
possible to devote much dmo to such experiments. 

What promises to be a satisfactory utilisation or the 
Juice, however, has been cvolvod hy a San Francisco 
llrm of chemists who, In March, J01B, began some labo¬ 
ratory exiierlmontntlon with the Idea of developing 
processes hy which pineapple Juice might be made to 
yield a revenue. A systematic research was conducted, 
with the result that deflnlte processes anil products 
npisirently of a satisfactory qnallty were developed. 


buildings under construction are three In uni 
to lie 120 hy (10 feet, one story high; one to 
40 feet, three slurb's high; and a building 
horse-power plant. This fnetory will handlo 
wnste per tiny of It'll hours, mid Is csllinalisl I 
a Ions of sugar equal (o 10 Ions of culined ay 


line and the syrup returned lo I he eniinerle 
same method, If the results obtained from thl 
cxiierlinent are Ihnroughly anllsraelory to the | 
niul the new company, the conlniets roll for ni 
incut of the plant In handle 2.10 Ioiih of wHste 
As a mutter of fail, since the rl|ienlug of the 
cnniiot ls> coldrollisl, II Is pluuiusl to enlarge 
so Hull It will lime n niisielty of npprnxln] 
Ions of wiiate 1 st day This equipment will w 
ncIglilKirlKKsl of $2.40,000. 

No Hllcmpt will Is? mnile at first to iiroiluee 
iiierelnl qiianlllles oilier prisliH'ts that Hrc re 
from Ihe Juice, but the experlmenla Indicate 


View Vt tk kck frtaiav «h* “Mofden" dor lag construction. The track* for tk* t ravelin* crane 

•••4 in hcMbif tro mm «• eneh aUo. 

















SCIENTIFIC AMERICAN SOTftEMENT N» M57 
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In I hr Hunt lecture of IiIn omimr on Hie above rob- 
Jerl, Sir .1. J. Thomson Maid that <hi the laid orondon 
he hH<l Hhnwn nn exiierlmniL In which n piece of par¬ 
affin wuh mnverled Into n conductor lijr the action of 
imlnnluni raya. In thin Cano wo bad an Insulator ren¬ 
dered conductive by exposure to an aRent which wan 
known to bo capable of Ionising a gax, and which. It 
wan fair to prenninc. ahould accordingly alao lie able lo 

lonlxe the ninlrrnlf-H of n wild. The conductivity of 
miIIiIn formed u very Inlemdlng subject, but there whh 
not lime for him to consider more lliini one or (wo 
hinx'IhI eanex, which were partlailarly clonely allied to 
the elfeclM be linil (Uwiuwcd In tlilN course of Icel urea. 

One well known cane of the converHlon of n wild 
from nil Imniliilor Into ii conductor was afforded hy the 
Nornst Innift. The IHaiueiit of Ibis lamp waa a mixture 
of different oxide*. mid when Irnvcrwd by a current 
glowed wllli great brlllliiiic.v. coiiHtltuliiig u very eon- 
venlenl source of light for many purposes. The pceu- 
llnrlty of the mixture of oxldea UHed wnn that lla ram- 
doelivlly Inc reared eiionuoiiHly oh I he temperature rose. 
Ilelng an Imiulntor when cold, liefore a cnrrenl could 
go through it lta temiiemture had to lie rained hy artl- 
Ik-lal meaun. Once the current got through, however, 
(he heat ilcvelo|>cd tty the very ptisan go of thin current 
eaniwd the filament to get hotter mid hotter, till It 
dually glowed with (lie grentoat hrllllaney. Tlie oxldea 
lined were N|ieclally wderted lo give thin brilliant light, 
hut very iiunnlbly the phciioinviia Involved were of the 
name order an with oxldea of cnlHiim Hml Iwrlum. Hr. 
Ilorton, working nt the ('iivendlnh fjibomtory. had 
menaured Iho nalnlaiHN- at different teniia-riilurea of 
thene two oxldea, and found tile Inerenne of conduc¬ 
tivity with rlnc or temiicrnturr whh quite imrallel to the 
HlmultaneotiM Increnae tn the iiiiinlirr of negative pnrtl- 
clea emitted from a fragment of lltue or of tmrluin oxide 
when honied on n atrip of pint Ilium. Much n fragment 
of barinm oxide wan conveniently obtained liy drawing 
a llttlo Healing wax on to the ptntlnum mid then heat¬ 
ing the latter to a high temperature. Ilnrlum oxide waa 
very heavy, and for thin roaaoii wiih nihled lo aealing- 
wax, which wan aold hy weight, and hence the chenpeid. 
wax waa tho bent for the particular pur|nmc In view. 
When the idatlnum carrying aach a speck of lime or of 
barium oxide wan honied, uegntlve parllelea were given 
off whleh might nerve to carry a curronl through the 
lime, and a idmllar effeet might account for the con¬ 
ductivity of the oxldea naed In the Neniat fllameut. 

The rate at whleh theae negative partlclca were 
emitted from lime and Iwrlum oxide had been measured 
hy Rlchanlaon, so that the niimlier coming out at dif¬ 
ferent toiniiemlurcH waa known. Dr. Horton had com¬ 
pared Rlehardaon’a numlierM with the conductivity aa 
measured hy himself Rt corresponding temiieraturea, 
and found n eloau agreement between the two. There 
waa Ihna considerable evidence tbnl, at tiny rale, part 
of the conductivity of Ike oxldea waa due to (he libera¬ 
tion uf these negative partlrlca. An Inlereatlug point 
was that tho emission of these par deles was very feetile 
If metallic enhinm or Imrhirn waa used In place of tho 
oxldea, from which the number emitted whk tnnny IIhhi- 
Hiind times ua great aa from the tuetnla. Apparently 
the emlwdnn depended on. or waa Increased by, tho 
mutual presence of two suhslaueea haring a cotmldcr- 
ahlp chemical ntflnlty one for the other. 

In this coiineellnn he might, he coullnned, refer to a 
question which hHd lieon submitted to him by one of 
the audience, na tn why the aulphldca of certain ractala 
were ranch Water radiators than were the pure metala. 
It waa known frian KlrehotTa law that, milctw other 
laaddea inirely thermal effects Intervened, the sum of 
I he light emitted and the light reflected from any body 
depended only on the temperature, and not at all on 
the nature of the body. This sum conaHtnted the no¬ 
nfilled “black body" radiation. Hence. If a body waa a 
very good reflector, It would only have to emit a little 
radiation on lta own necoimt, while If dull, aa when 
larulaheil by anlphlde. It would not reflect so mock, and 
must therefore radiate more. Ilo waa informed, how¬ 
ever, that the difference In the radiating power of the 
two waa much greater thnn could tint* be accounted 


nr wfcat was called chemical luminescence, In which we 
got ndtnHon from a body at quite low temperature*. For 
example, pboapbonia glowed even at ordinary tempera¬ 


tures, It bad also lately been established that a (ohitloc 
of hydrogen peroxide In contact with certain rebetancee 
would glre quite an appreciable llluminatioa. Thera 
were easra In which the light did not obey Klrchoffa 
law, bat was drawing upon other aourora of energy, In 
addition to the purely thermal. In the caae of lime 
oxide, there waa the possibility of chemical action going 
mi. Barium bad, It waa known, two oxldea, and It waa 
quite poaallile that calcium poracraed the Mine property, 
u ml I Ills might account for the difference* observed be¬ 
tween the oxide and the pure metal. There might, in 
fnct, be aome chemical act km going on between the cal¬ 
cium and the oxygen, and similarly, with the sulphides, 
there might pomlhly be decomposition of one anlphlde 
and formation of another, or some other form of chem¬ 
ical action might be taking place. In thla way them 
might be local temperatures In excess of the avenge, 
Heine few molecules haring very high velocities, though 
the mean waa very much Iona. In considering radiation. 
It wna Important to remember that a few molecules at 


caused s few molecule* to have a temperature In ex- 
css of the normal, the net radiation would bo In oxcora 
of Its ordinary value. 

The foregoing waa, he Raid, merely a suggeetlon, but 
the observation In question appeared to bring this ques¬ 
tion of chemical luminescence Into a more definite form 
IImii hitherto, the t real men t of the subject In tbe pant 
having been more allied io cookery than to chemistry. 
•»W experimenter discovered one Instance of It, and 
iiiiother worker nnoUier example, no very definite con¬ 
nection between the two being established. In all known 
enaea, however, oxygen was Invariably present It wa* 
lifllpvcd hy aome that even flint sparks were examples 
oi chemical luminescence, due lo the oxidation of tho 
freshly exiNMcd surface of the flint and It was assertod 
that the cracking of flints was associated with a strong 
smell of mone. Local Increases of temperature would 
mean not merely a very great Inereaao In the radiation, 
hut also a change In lta character, since the hotter tho 
radiating Ixxly, tho bluer the light It emitted, the cen¬ 
ter of gravity of the spectrum bring shifted toward tho 
violet end. lienee. In dealing with cathode rays, the 
light whs blner the faster the particle*. 

The communication by electrified particles of their 
charges to metal or other bodies with which they came 
in coni net wa* not, th* ipeaker continued, so simple a 
matter aa might be expected. It waa easy to ray that 
(hi coming Into contact the charge was given up, bat a 
good deal hail to be effected during tbe exchange. A 
InwIHvo (article was one which had lost a negative 
charge, and when such a particle came up to a metal 
plHto l( meant that, In order to become neutral, it bad 
to get out of tho plato a negative charge. Similarly, a 
IHirllcle earrjlng a nogs live charge had to stick thla 
charge on to some atom or molecule which already had 
Its full nimplement 

It waa thus 4 priori conceivable that tiria process of 
gotUflff rid of a charge and fixing It on to a metal plate 
wu f li st so easily effeetod as waa often Imagined. 


Many year* ago, the weaker, when working with a 
highly exhausted bulb, bad earthed a pool of merer)ry 
lying In Hie bulb with a view to removing electricity 
from the tube. The arrangement did not work as well 
ns bad been expected, electrieity being still found tn 
the tube after tbe lapse of several hours. The mercury, 
therefore, bad not been able to discharge the flu. Re¬ 
cently Franck and Herts bad shown that different snb- 
stsnees p o n w e d different iwwers of abaerMng elec¬ 
tricity from there partioles. Home atom* and moiwolea 


wemed quite Incapable of retaining one of three ama¬ 
tive particles if tbe velocity were teas than t certain 
critical limit 

Th* principle of tbdr apparatus is represented In 
Fig. 1. The cathode was a heated wire placed tnsblii a 







laterally. From the hot wire negative porthdra were 
driven off hy the potential off the wife, tad followed • 
curved path through the gas to the oollcctor-pimls B, 
Above thla plate waa a wire gause, which could ha con¬ 
nected up to the negative pole of a buttery, and would 
thus oppose the peera ge of the particles to the collector. 
It waa found that the purtielM that off flora tho 
rathode, In spite of tho coUUkm* they bud to encounter 
from the got In the tube, mode their way to the oet- 
lectorplate ereo when the gause above tho latter waa 
at a negative potential off aa mock as U volt* (hi tbs 
cnee of certain goon), tbe total potential between the 
cathode and the col lector-pi* to bring, any, 13 volt*. In 
all (he thousands of coll 
many of the particles had not st 
to tbe molecules encountered. Tho effect was rant 
marked with argon, neon, and helium, with which there 
was practically no conuntmicaUdn of energy between 
the particles and the raoleeulm. On this brad It should 


colliding bodies were of the Mine 0 
one body was more than 1,000 times that of the U 
body, tho latter bounded off with practically unchanged 
energy, each particle retaining what It bad before th* 
encounter. Hence, If a negative particle passed through 
the midst of one of there Inert gases, th* coilisioiis 
would merely check its rate of program toward the 
collect or-plate; but aa the particle lent none of Its en¬ 
ergy tn the collisions, It Anally arrived at th* collodor- 
plate, belated, but with practically the whole off the 
energy duo to tbe difference of potential between thla 
plate and the cathode. 

When the Inert gams were, however, replaced by 
oxygen, then at every colltakNi the particle lost some of 
Ms energy, and when It ultimately arrived at the eol- 
Inctor-plate, did so with only a small fraction of the 
energy due to the fail of potential, haring retained prac¬ 
tically none of tho energy given to It during Its pare- 
Hge. nonce, tho only way to obtain negative partlclca 
moving with much energy through oxygen was to re¬ 
duce the number of colliidoiu by reducing the number 
of oxygen molecule* prerent, otherwise th* energy would 
be knocked out of tbe particles as fast as It wa* ac¬ 
quired. With argon, helium, and neon, on tbe other 
IihimI, the number of molecules present did not matter 
lo the rarne extent Though tbe partlele might take a 
long time to get through a donee crowd of helium mole¬ 
cules, when It finally did arrive. It carried with It all 
the energy it had acquired In foiling through the poten¬ 
tial difference between the electrode*. It was thus pos¬ 
sible to get luminous effects with helium, neon, and 
argon at pressures Impossible with oxygen. PosffMy Iff 
oxygen could be completely eUmtimted, simila r results 
might be obtained with other PM as wall ss with the 
three named. 

To Illustrate bow easily luminous effects Were ob¬ 
tained with noon, tbe lecturer took a tube filled with 
neon, and baring a Utile mercury In it The tube hod 
s number off constrictions, and on Inverting the tube, 
the friction of tbs mercury foiling through the constric¬ 
tions electrified the walls, with the result that th* nsuu 
glowed brightly with its characteristic Ught 



i. It would be wif diffi¬ 
cult to get electricity brio or out Iff tbera, It for fa>- 
stanee, metal* resembled neon to say, extent la this 
regard, tbs formation uf doable lsysrs wjfold be obvious. 
It there were s difficulty to getting elect rkst? out of sn 
electrified gas, tbe resell would be that tbs surface Off 
the metal would ■sfchaifed up with a doubt* layer. If 


stick does op to tbe surface of tbe fortal, their oowti- 
1 hr Ora negative atsctrtdtytmmsdl- 
“Ads off the mfoL v* m 
ts-.not oostUss. and the pret- 
ttve* ebarga* aofeafet.woeM pores* AS.* 
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♦trill) tbs attempt *u often made to pradoee a 
potential to a gu by ahooting It through electrified win 
gaaoe, oo the oee uap t lcu that an particles that paaaad 
tlM gauaa would acquire the potential of the latter. 
Thh, fo me nt, would not bo the caae If a doable layer 
.formed on the wires The dancer of a finite difference 
of potential between the ana and the ganae was, no 
doubt lean the higher the potential of the Utter; but 
the atieaker believed that in some experiments errors 
of as much as 13 to 15 volte bad arisen In this way. 
The dancer was a real one, and, in the case of small 
potentials, might be serious. 

Another problem was, what happened when a car was 
Ionised hy the removal of a negative particle. Was the 
molecule left behind Intent, or did we jet some times 
the molecule apUt op Into atoms as the result of the 
Shock, so that we had as • result the ebarte carried by 
stoma, and not by molecules? Tor inch a smashing of 
tbs molecules ample energy was available, and the quea- 
tlon was, did It happen? Experiment showed that at 
low pressnres It did. An Investigation Into the natnre 
of the positive rays showed that the carriers mlafat be 
all kinds of things. Some were atoms, others molecules 
left Intact, the shock having been lnsafflrtont to split 
them up, and, In addition, various queer compounds 
were found among the carriers. It might be asked 
whether tbU variety was doe to the method of prod no¬ 
tion. In the diecharge-tube there were, berfdes the 
negative particles, large positive systems, and it might 
be thought that the letter alone wees capable of smash¬ 
ing np moleeulea Into their component atoms, while the 
negative particles when they collided merely detached a 
charge. 

To test this tho speaker had adopted an arrangement 
by which the number of negative particles could be 


enormously Increased In comparison with the positive negative particle was knocked out of an atom. The 
carriers. If the negative particles wore Incapable of moot exaggerated case known to the siicaker was af- 
opHttlng op the moteeulea, the final analysis—by the forded by mercury, where In certain cases as many as 
posltlve-ray method—should show a much larger num- seven negative chargee were removed from the atom. 

ber of molecular carriers than before. The method _ 

adopted to Increase the number of negative particles 
was to use is cathode a wire heated by sn lodeixmdent 
current By Increasing the temperature of the wire tho 
number of negative particles emitted could bo enor- 
moosly Increased. A photograph of the positive rays 
was then taken, first with the cathode cold, and next 
with It at a high temperature, and the two compared. 

Thin comparison showed little difference In tho propor¬ 
tion of atomic and molecular carriers, but If anything, 
the heating of the cathode slightly Increased the pro¬ 
portion of charged atoms. This experiment afforded 
strong evidence that the negative particle* could them¬ 
selves split np the molecules Into atoms, and that to 
effect tills It was not necessary to have tbe Mg positive 
carriers. Not only this, but tbo particles worn aim able 
to split up these molecules lu all kind* of additional 
ways Thus, when water was decomposed by dlHmilrlng 
n radium salt In It, the gasr* liberated contained notably 
lea* than the proper proportion of oxygeu. In fact, In 
Home experiments Debternc had got nothing but hy- Fig. 3. 

drogen, and a subsequent examination of tbo water 

Hhowed this to contain peroxide In solution, so that the Thus. Fig. 2 represented a pu*lllvv-rny photograph of 
oxygen liberated hy the negative particles emitted by mercury. All the lines shown were dnr to inercnry 
the nidlum had gnus to oxidise the water, acting thus iilorns. In the earn of Llir lowest line the atom bad 
In quite a different fash bin from that which occurred lost one charge la-fore reaching llic plate, while to get 
with other methods of decumimslng water. The speaker the upiiermmd curve seven clutrgee must have been 
thought that the queer combinations found among the knocked ouL Moreover, a cnniiarisoii of the relative 
positive rays must be brought about In a similar way. strength of the different eurvea led to tbe conclusion 
tho results often being such as could not be effected by that the whole of Ihe seven were knocked out In a 
ordinary chemical reactions, tometlmcs more than one single collision, and not successively. 



Safety in Good Lighting 

Wniut a very oooaplcuotis advance In lighting meth¬ 
ods has been made by progressive manufacturers, not¬ 
ably In tbe Iron and steel Industry, there are still s 
large number of manufacturers who seem to regard the 
lighting as an expense to be reduced to tbe lowest pos¬ 
sible minimum. 

The economic value of good Illumination, aside from 
accident prevention. Is evident when we consider the 
greater facility with which an employee can work un¬ 
der good Illumination, and the greater accuracy with 
which gagea can be read and tuola aet 

One large manufacturer, on Investigating hla lighting 
conditions, found certain departments In which, during 
tbe winter months, the operatives were practically Idle 
for about an boor a day solely on account of darkness. 

Good artificial illumination can ho furnished In such 
a factory for eight hours a day st a cost equivalent to 
about five minutes of the time off the workmen benefited. 
This Illustrates the extravagance of poor lighting. 

Tho question of safety as Influenced hy Illumination 
presents two phases: First, the prevention of acci¬ 
dents ; and second, the preservationist eyesight While 
these two phases are often closely related, there are 
many conditions In which they are entirely independent 
of each other. The phase of accident prevention la Illus¬ 
trated In the ease of the foundry ur other «hop where 
era ore or other powerful machinery are In operation. 

The liability of crane and elevator accidents la very 
much reduced with proper lighting. 

In the foundries and yards of a plant, It Is practically 
impnsrihia, even wftfe safety committee inspection, to 
eliminate Irregularities under foot If not Illuminated 
these may readily cause fella, with resulting Injuries; 
and In foandries where nwttSR Ifetel Is carried and hot 
metal abounds, they rnaywen reuse serious bums. 

Bren though guarded to the fullest extent, powerful 
machinery—tn which materials are machined and fash- 
toned Into artietoa of commerce, end In which the arms 
and limbs are as readily crushed—presents a menace 
unlaap tb* operatives are given an opportunity to see 
and thos avoid the danger potato. 

There la practically do manulhctnring operation 
which com he carried on without accurate visual Inspcc- 
tfem, Scom of tbOM opo nt iopi produce coonldwaMe 
■train eras under good Illumination, and to require 
performance u nder poor Ulemlnattoa Is certain 
to result tn more or tore rapid Impairment of vision. 

It haabteaftetodfir observation that the ari«* 
oca'defect te ftdttr lighting «■* from excemlve 
glare and akfsope of ttiffnate^- Olaxa 1* ommlly caimed 
by bright lights to the Arid to vtetoa. Thla may man- 
ate bteb toeteht source dlraoSy er may be detected to 

fleldg to 'vttofc Bfcrdaarifto rifeet la act only u» 




arc conductvo to bad falls, whereas if the eyes were 
properly shielded from tbe glare, a lower Intensity 
would have been ample. 

The unshielded light hung over s machine Is a com¬ 
mon source of eye fatigue. The glare may not be very 
evident at first glance, but when the workman's eyes 
hRVU been subjected to such light for a long time, dis¬ 
comfort and inability to see are the result The proper 
correction should be to shield the light by means of u 
proper reflector, and ns such a reflector would tend to 
direct more of the light upon Urn work, tho working In¬ 
tensity would be increased; so In many cases It Is 
possible to reduce the slse of tbo lamp, or bettor yet, 
to relocate tbe lamp so na to enlarge the area Illumin¬ 
ated. 

When a light cannot be removed entirely from the 
Held of vision, Its brilliancy should ts- reduced by means 
of a diffusing glotw or reflector, so as to Increase the 
apparent slxe of the light source and reduce the contrast 
between It ami the background. This hss the additional 
advantage of reducing the sharpness of si is down In tho 
Illumination, a result which Is of considerable Inqiort- 
anre In rendering tho various parts of the machine or 
object readily discernible. 

tiltre received from specular reflection of glased pa¬ 
per, desk top*, polished loots 1, etc., often tndnres eye 
trouble, headache, and other lndlspixltlons, though the 
sufferers may not be aware of the cense. The remedy 
Is to change the relative positions, so that the reflected 
light Is kept uut of the eyes as much as possible, ami 
to enlarge tbe dimensions of tbo light source. 

Another defect commonly found In Industrial light¬ 
ing la Improper distribution. This msy he due to too 
wide a spacing of light units. Under this condition 
some parte of tho room are Insufficiently lighted while 
other parte may have more light than Is mvomary. 

Improper direction of tight may Illuminate tbe wrong 
ride of the machine, leaving the Important mrts tn 
shadow. If the bright parte are near tlte shaded ones 
whatever Illumination may fall upon tho shaded por¬ 
tion Is rendered leas effective hy contrast 

Unsteady or flickering Illumination Is always objec¬ 
tionable; both on account of discomfort and Inability to 
soe. Such variation should always be avoided, whether 
earned by tbe units themselves or by the light lsowing 
through moving wheels, etc. 

, Since the purpose of tbe lighting is to enable too 
operative to see, good Illumination cannot ho prescribed 
without a knowledge of the use It Is to receive. In order 
to plan the lighting of a factory properly, one should be 
familiar with the pr o ce ee ee employed, tbe arrangement 
to tbe machinery and the work tables, aa well as the 
quality to the product manufactured. Practice has 
Mtebttehed certain methods to lighting which, If prop¬ 
erly applied, are satisfactory for tbe different processes 
to manufacture. Thus we know appreulmatety bow 
much tUusdnatiou Is neccaaary for the ordinary grade 
to work p er formed on a lathe, •• weH as the desirable 
direction. As far aa po e ritoe, tt mfinr a, toe experience 
gained In eel ta gktod fleetoriee atom*? be utiltoed in 

p fatotoltog ||| 
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■ few fairly definite lines, which may be designated 
ss loon I bust lighting, general ilglillag, combined general 
ami localised lighting awl liH-ullsed general or group 
lighting. 

I/nrnlhasI lighting orlglniitiHl with the low-power port¬ 
able or semi-portable lighting unite These were under 
Ihe control of the Individual workniun, to ho placed 
or shifted wherever lie desired. Such lamps were com¬ 
monly used without reflectors and produced small 
patches of uneven Ulundnattou, as well as more or less 
glare. In many eases lighting will) lltose lamps Is 
uow liclng supplanted by other methods. 

There are, however, certain operations which require 
light Inside of ii small cylinder or other inclosed spare; 
or where very high Intensities are required over small 
ureas, uml for these no other method Is as prsctirablo 
ns localised lighting. For such conditions, tho lamp 
should Is* cquIlHicd with a reflector to shield the work¬ 
men's eyes Hint reflect tho light In useful directions. 

General lighting Is provided In three prlnet|sil ways, 
which are known as direct. Indirect and seml-lndlreet 
lighting. Direct lighting, deia-ndlng ujmn the equip¬ 
ment. may have cm cssivo brllllnney or any degree to 
diffusion. It Is used to s much larger extent tn factory 
lighting Ih-chuho factory codings are seldom good reflec¬ 
tors. Direct lighting units are less affected by dust 
iimiumlatlniis. The Indirect and seml-lndlreet give ex- 
ecllcnt diffusion, aial are often siipHed with good effect 
In officea and drafting rooms when light ceilings are 
available. 

“Combined general" and "lisullsed lighting'’ Is often 
desirable. With this, a low gcnrral Illumination Is sup¬ 
plied by large units and more Intense localised Illumina¬ 
tion nt particular ihiIiiIs by low-|snrer units. The local¬ 
ised lighting may Is- supplied tvallmimisly or tempor¬ 
arily as needed. For example, tn lighting nutionatle 
muchliHTy, a aiislcrate lllumlimtlou may Is- sulflelent 
at all times except wlu>n h machine Is being Inspected, 
set up or adjusted, when a localised light may be 

"Isssllsevl general" or ''group lighting" Is a rerent 
practice which has sprung up sluce n range of Inter¬ 
mediate slses of lighting units tins Ihh-oiiic nrallnlde. 
This practice differs from general lighting In that. In¬ 
stead of striving for even Intensity throughout the 
room, lamps are arranged to give higher Intensities and 
correct dins-tlon or light at tin- machines or tallies and 
a lower Intensity Ht Intermediate [mints. It differs 
from localised lighting III Is'lng plnnncd so na to give 
some lllumlnatldn, sufficient for the needs, hi all parts 
of the room. It Is, therefore, nn Intermediate practice 
between the extremes of localised and general lighting. 
Its application Is extending very rnptdty, since It meets 
effectively and economically factory requirements for ■ 
large portion of the ordinary manufacturing proecsoos 
and shop buildings. 

Each of these various methods of lighting has some 
field In which It Is to be preferred to any of the others. 
Tbe selection deponds upon the character and construc¬ 
tion of tbe building, tbe process to manufacture, the 
•cmrot to energy available and various local umiihmi. 
-0. H. UtickMy, la the OmanI Electric Raviata, 
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Scientific Aeronautic Research* 

Thi‘ New Aerodynamic Laboratory of the Massachusetts Institute of Technology 


By J. C. Hunsaker 



Am CKArr have Uptime in tho laiil few years primarily 
war material, ami u sneh, am designed to meet definite 
specifications of lM-rformance. Five yuan ago tlm su¬ 
premo teat of uu neropluiic was whether it could fly or 
whether it could not. fly. Now we inquim liow fast anil 
bow slowly it run lly, wliat in it« rate of alimli, uwful 
load, and radius of tuition? For example, fur niiblary 
uaua, amiinfl inquire a alow endurance mar blue for strate¬ 
gic snouting which can make raids into the interior of an 
enemy a country. For tactical scouting over thn Held 
of liattle, whore enemy aeroplanes must bo ovadod, an 
army requires a snout uf grmt speed but limited radius 
of aetion. Much a machine must have speed awl climb¬ 
ing ability sui*crior to that of llui euumy units. A third 
type nailed a “fighting aeroplane" is nceesenry to drive 
off enemy scout aeroplanes. Such a machine must oom- 
liino the greatest practicable speed and climbing rate 
with the extra weight of an urmured body and a machine 
gun with a gunucr. The performance required for such 
a destroyer is fixed by the preliable ability of enemy 
snouts to elude it. A fourth typo of military aeroplane 
may soon he developed for the pur|HMe uf boinli-drupping. 
Here the designer would lie required to produce a machine 
abb) to tnuu|H>rt great weight over a king distance. 

In all tlm eases mentionod above tile entire military 
value of'the aeroplane lies in its perfoimanne, and the 
burden is thrown on the desigunr to produce a machine 
to niorl all requirements. Just as in naval architecture 
the problem is a compromise Isilween the conflicting 
claims of speed, armor, armament and radius of action. 

In view of the necessity for designing aeroplanes to 
IxiNscss given qualities, a designer must guarantee per¬ 
formance. A dcsinsl type nan, of course, always bo 
muiliisl by building u aeries of maohinos lint this pra- 
fiwlum in extremely costly in lime and momiy, and ro- 
qiiireH a pilot to risk himself in exiierimcnlal flights on 
uudcr-iMiwonsI and unstahio macliinas. 

Tbo problem of aeroplane design invulvos so nuuiy 
variables tliat it is often imiHmsilde to arrange oxiieri- 
mcntal fligliLs so tlutt oliangiut, are mado in but one 
variable at a time. Tim peeullar conduct of an experi¬ 
mental machine may often he blamed on any one of 
some half doxtui features of its design, and aa a result 
the tests lead only to endless discussion. 

On tlio other luuul, it Is well established that the 
imrformuneo of an aeroplane can bo predicted from ex- 
isiriinunts on a small model, geometrioally and dynamic¬ 
ally similar. Model tests are easy to conduct and afford 
tlm great ailvunlagn that radical alterations of the model 
muy lie made without loss of lime or risk of life. Fur¬ 
thermore, in model testing, the various parts of an aero¬ 
plane uuiy lie tested separately to determine thn effect 
of each |iart on tlm isirfornuuwe uf tlm cumplotu numldno. 

la naval areliilei'tiire, a designer has a small model of 
his ship towed In an experimental model basin. From the 
resistance of the model, he can estimate the r— 

~ "* . •rnmanmu omi n m . 


of bis ship ami so guarantee its s|shs| for a given power- 

For puriHMce of aeroplane or air ship dusign, It Is 
possiliki to tow iiuxlcls in air in a similar manner. How¬ 
ever, in ocrenautica tlm problem Is extremely complex 
sinen in flight, motion is posslblo along the threo axes 
in spare, as well as rotation about any of them. In 
general, tbo effect oT the air on a solid olipsit moving 
through it requires the measurement of three fonsw and 
three couples corresponding to the three axes of space. 

Towing experiments become moohaninally difficult 
to arrange, and in view of the high speeds required in 
aeronautics a lung building like n rope walk is necessary. 
Such testa havn Iwen mode at tlio Kiel navy yard in 
Germany and aL the University of Iktris. At the latter 
institution a dynamometer oar running along a traok 
carries ohjooLs under test mnuntod on a weighing me¬ 
chanism. Thn tests are conducted In the open air and 
are subject to error due to gusty winds. 

If it be accepted that aerodynamic forces depend on 
thu relative motion of air and object under tost, it is 
immaterial whether the object bo towed in still air at 
a given velocity, or held stationary in a uniform current 
of air of thn same vnlocfly. The uso of an artificial wind 
is thu "wind tunnel" method, which has oome into genoral 


use abroad. Tbs doctrine of relative motion Is funda¬ 
mental in meehanloa, and discrepancies between rwmtta 
of tests made by .the two methods may be ascribed to 
the probability of error* due to the Influence of the oar 
and wind gusts in the towing method, and to Irregularity 
In the flow uf air in the wind tunnel method. 

TIh; validity of wind tunnel tests depends upon thn 
uniformity of flow of thu air. The production of a cur¬ 
rent of air that ehall lie constant In velocity, both Is 
time and ipaoe, l« a difficult problam. 

When It woe derided to build a wind tunnel at the 
Mamaohusetts Institute of Technology forme by atudenta 
i n aero nautloal engineering, a study wai made of the moet 
■unoeeeful wind tunnels abroad. The oonduskra was 
reached that the staff of the National Phydeal Labora¬ 
tory, Toddlngton, Rngland, had developed a wind tun¬ 
nel of oonvenienl form and of a high degree of uniformity 
of flow. This tunnel was the result of a methodical 
series of experiments with wind tunnels of various forme, 
in which the following oonoiusiops were reached: 

1. Models should bo planed in the suction stream 
leading to a fan whore turbulence U least. 

2. A four-bladcd aeroplane propeller of low pitch 
given a more steady flow than the ordinary propeller 
ran used in ventilation work, and a much steadier flow 
than any blower of centrifugal type. 

3. The wind tunnel should Im completely housed to 
avoid the effect of outside wind gusts. 

4. Air from thn propeller should be discharged Into 
a perforated box of groat volume, to damp oat turbulence, 
and to return the air at low velocity to the room. 

fi. Thu room through which air returns from the per¬ 
forated box to tho suction noule should be at least 
twenty times the sectional area of tho tunnel. 

The wind tunnel of the Massachusetts Institute of 
Teohnology was built in accordance with the KngUah 
plans with the exception of several changes of an englneer- 
Ing nature Introduced with a view to a more ooonomical 
use of power. An increase of the maximum wind speed 
from 34 to 40 miles |kt hour was thus obtained. 

Upon completion of the tunnel an investigation waa 
made of the steadiness of flow. It appeared that the 
variation of vekmlty with time and from point to point 
of the cross section waa not more than one per cent. 

The wind tunnel proper is n square trunk 10 square 
foet In Motion and 03 feet In length. Air in drawn 
through an entrance noule and through the tunnel by 
a propeller driven by a 10 home-power motor. Models 
under test are mounted in the middle of the tunnel 
on the arm of a dollaato balanoe. 

The air entering tho mouth passes through a honey¬ 
comb made up of a nost of 3-1 noh metal oondult pipes. 
This honeycomb lias an important offeot in straightening 
out the flow and in preventing swirl. 

Passing through the square trunk and past the model 
under tost, the air is drawn past a star-shaped longi¬ 
tudinal baffle Into an expanding oone. This cone ex- 
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a direct current motor it constant speed requires a 
steady voltage. Such is not available. Consequently 
the following procedure was adopted: A IA horse-power 
induction motor is connected to the alternating current 
power mains of the Cambridge Electric Company. This 
induction motor is ooupled directly to a 12 horse-power 
direct current generator. The generator supplies cur¬ 
rent to the motor which turns the propeller. For con¬ 
stant wind speed, the load is constant anil hence the in¬ 
duction motor will turn ovor at oonstaut speed since its 
slip is a function of load. Variation of voltage in the 
city mains has small cITeut on the s|ieed of the induction 
motor, which runs at a speed protwrl ional to the fre¬ 
quency of llio supply current. The generator ls>iiig 
lunusl at constant speed general'’* constiuil v ullage, 
and the pro|Mi|k<r then runs at coiiHLanL speed. iluc to 
slow changes in frequency it is necessary to provido 
variable restslanoe in the direct current motor Held, iiy 
tlm use of wldch the wind sliced can 1 h< corrected from 
Limo to time. Any wind can lie made of velocity ls>- 
tween a and 40 miles per hour. 

Tlte model of complete aeroplane, wing, tail. Issl.v nr 
oilier port is mounted on an acmilynuniin liulaiioo con¬ 
structed from the plans of the Nuliimal Physical isdsira- 
tory, Kngland. This lialatuie cmisisls of a east pillar 
mounUsI on an indcisimlrnl concrete block, und the 
Imlunco proper. Tliu hit Ur is maile up of time arms 
mutually at right angles representing the axes of co¬ 
ordinates in h|musi ulsiul and idong which couples and 
forces are Ui Ui measured. The mislel is miiunluil on 
the upper end or Llie verticil I anil which projects through 
un oil si'al in the IwtUim of llm tunnel. 

Tim entire up|sr |iart of the lialaiiisi rests on a stool 
point, I swing ill a stis'l ronn supported by the cast 
iron pillar. The liahuum is normally free to ris'k alsuit. 
its pivot in any dinclion. When wind blows oil n model, 
the components of the force exerted are measured by 
hanging weights en the two liorixontal arms Ui hold llm 
mislel in iswilion. 

The luiliinoo is also free to nituUi ulsiul a vertical 
axis through its pivot. Thu moment pmduring this 
ml at sin is balanced by a ealihraled torsion wire. 

Npcoiul atlnolmiont* isrinil the iiiensuivment of the 
force in the verlleal axis and moments nlsuit the two 
linrixuntal axes. 

The three fumes and tlirisi couples noting on any iiiihIhI 
ploot'd iu any atliLudo con bo studied at leisure. Tim 


ponds in 11 feet to a diameter of 7 reel. The velocity 
of the air is reduced in paining tltrough Ilia cone and lias 
its pressure Inc rea s e d in aocordanoe with a well-kiuiwn 
hydraulic principle. 

The propeller is made of black walnut with four blades. 
It works at the large end of the oone and discharges into 
the diffuser. The latter is built of wood gratings with 
holes closely spaced except on the sides facing the pro¬ 
peller which have no opening. The propeller race is 
stopped by this wall, the velocity of the air destroyed and 
the pressure raised. The air then eeaapea through the 
holes In the diffusor into the room. Tho current is thus 
relumed through 00 degrees and brought nearly to rest. 



The propeller was designed on tho Drewhs-ki system, 
which assumes llial each blade section is au auroplano 
wing moving through the air in a spiral path. Tn order 
to keep down turbulenue, a very low pitch and a brood 
blade were used. To gain efficiency the blades were made 
thin and, therefore, weak. To prevent fluttering of the 
blades, the blade BOO tin ns were so arranged that the cen¬ 
ters of pressure of all sections Ho on a radial line drawn 
on the Tamt of the blade. Tills artiilee seems to have 
IirevenUsl the howling at high speed commonly found 
with thin bladiw. 

The propeller is driven by a “silent” oliain from a 
10 homo-power inter pole direct current motor. The 
prn|ieller anil motor are mounted on a bracket structure 
fixed to a concrete block anil are lienee independent of 
the alignment of the tunnel. Vibration of the motor 
or propeller cannot lie transmitted to the tunnel ns there 
is no connection. 

in order to maintain a steady current of air, the fan 
must run at constant revolutions per minute, but in 
order to allow a line adjustment to obtain aiul hold 
any speed, a direct current motor is lavussary. To run 


balance is |incise to one por cent. 

VoluciLy is measured by means of a Pitot Luis' which 
was calibrated on llio whirling arm at Toddiuglon. Tho 
Pitot tulie pressures are nail ou a Chattock liquid miern- 
manometcr. Velocity readings are precise to one half 
of one |mr cent. 

Tests lave lioen made to determine the lift and rosis- 
tanoo of a model onmplnno wing which luul previously 
been tested In Kngland. The results are in oxnollcul 
agreement anil indicate that the Rnglisli tunnel anil 
balanoe hare lost noun of their precision in the rather 
extensive alterations that have lieon maile hero. 

The wind tunnel has been in n]icrnlion since July, 
1914, ami lias boon used fur cuiii]iurison of Pitot lubes, 
determination of the aorodynaraio eo-efficients for a 
number of wings, bodies, and miscellaneous objects, 
fur thesis work on aeroplane stability ami by students 
iu connection with problems arising in the course of 
aeroplane design. 

It is hojssl that ill following up design by wind tunnel 
testing, aeroplane design Is being plansl on a rational 
engineering I axis. 
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Development in Electromagnetism—JI 

A Review of Some Important Problems, and Laboratory Results 

By Eugene Bloch, Professor at the Lyofe Saint Louis 
Coin-1 tilled from Scientific Anebican Supplement No. 3056, Pd*e 839, May 29, 1816 


Tub iimiiulthM Just described nr*' mil I In- only ones 
which the modern theory nl ulectronuigiietlHm encoun¬ 
ter* I’erhuiw llie gravest ones urlw. lu adopting It to 
llie exjHTliueiilitl fucln uf rudliiiluu. We knew that 
tlu-riual radiation lu eiiulllbrluiu lu a constant--tempera¬ 
ture chamber, and culleil "bluck niilliilbui.” baa a den- 
Hlty liideiwiident of the luirtlculnr Inly producing It. It 
In a fuuclbin only of lbi> wnvu length A uud I lie ubso- 
lule toinlM-nilnr*' Our llni>rt-llinl knowledge of tills 


A'''"’!* 7 ’,! 

Tbln eiiuallen huIIhIIch net only the Ihree theon'tleul 
lawn, but also corn-H|iumlM to I lit' olwervwl dlKlrlbutlun 
of eucrio' III the HiH-cliuui of u bluck liody. Thbi fnr- 
uiulu riilucm for large value* of AT to the earlier oue 
of Rayleigh, 

«* *• ri/ci'T//- 

Now, the olnTroiimgnetlc theory seems to lead almost 
Inevitably to Rayleigh’* formula for all iruvi lmgtkt in 
flagrant conlriullctloil to cx|N-rluu-nlal facta The soc- 
otid formnlu, liub-cd, does not give a maximum lo tlie 
radbtHon dbitrlbullmi rurvu ami makes I lie lotal radia¬ 
tion InfiaUr. Till* consequence, which the rowandiee of 
luird Rayleigh" and Juana" mudo extremely pruliable, 
baa been rendered certulu by (hum or 1/ireiilx." Accord¬ 
ing lu tbe laltor'a nwcnrclies, the meat genenil equation 
of au electromagnetic system, lamed u|»m tlie ether, 
electrons, and matter, by a aulluble cholee of iwramet- 


equntlons of mectiaulce. i'he application of the na-thoda 
uf prulmblllty uud hIuIIhIIoiiI iihcIuiiiIch. eaia-cluMy the 
Uietireni of liloiivlllu (which la a couaei|iiencv of tbe 
Hamiltonian form), leuda iin, I hen, lo conaldor oa ap- 
plleuble lo I lie elber I lie theorem or Die oqul|*irtltlon 
of energy which nlao bring* ua on I will* Rayleigh's 
formula. 

In order lo <-hch|n- from tlda IiIIihI alley and obtain 
the curlier rorniulu, I'lnuck lnvcnlcd (lie lij imtlicsis of 
the dlaciailliiully of energy or ipuiulji.". According to 
tlila liyihilhcHla, tbe uioleenlar reaoimloni cannot ex¬ 
change energy with the surrounding medium except In 
whole miiltl|>h« of the aunie elementary quantity (ipmil¬ 
ium), My. an nuioiiiiI protairlloiiMl lo the frequency of 


KIiinMii, II. I’ulueiirf', and olhers lace article* died, 
fiait-liiile 27). We will |aiaa over nil lla- consequence* 
which have la-cn iliHlneeil from llila li.vpnthoHls (theory 
uf Nia-elllc heata by KIiihIcIii, ele.), except tluwe which 
are purely electromagnetic." 

It appears that we mail n.a give up for the free ether 
the equntloiiH and ordinary lawn of electromagnetics nr 
the dynamics i>r Hu- free electron, The modification of 
the electronuignolle theory which we muni rnaku, if 
neceaaary, relates only to lla- relatione la-t.iveen matter 
and tbe ether; that la In say, with regard to electrons 
not free, to emissions uud ulisorpthrtl of energy, or per¬ 
haps lo emission alone, which must llioii be considered 
as dlHroiillatHHli. 

Hrllhmlu" llilnks that there Is a loophole of escape: 
Pluis-k’s theory rests iiimn nn nrhllmry b.v|s>thi<sls with 
regard tostrictly miHus-lironmllc n-smuitors having very 
little physical lands. In giving these op, tlie emnpUcs- 


m, p. 14. 11*0©; U 
f radiation), Rapport, 
•* par Uagevla and de 


t Ion of the reaaonlng rapidly Increase#, bat BriUarin 
thinks that we can probably eome out with Plaaok'a 
formula without recourse to quants. The result would, 
however. Is- Inconsistent with the genera) theory of 
Isireutx previously mentioned. Possibly we may hope 
to natch inure precise knowledge of the mechanism of 
ulxorptlou about which we know practically nothing, 
mid thence got a loophole for escape. Thla donbtlaax 
will haptieu III the future. 

There Is another domain than that of radiation, 
wherein the electronic and quanta theories are clearly 
Inconsistent, that of the properties of tbe metals. Ac¬ 
cording to the electronic theory, tbe thermal and elec¬ 
trical conductivities of the metals, os well aa many 
other of their properties, are duo to the motion of free 
electrons. We may, Indeed, derive thus the law of 
Wledotnann and Prana. Electrons should therefore play 
nil Important part In the specific beats of tbe metals. 
Hut, according to the theory of quanta, the specific heat 
Is uniquely related to the uncharged stqmlc resonator* 
(KIiihIcIh). Tbln accounts for the behavior of the spe¬ 
cific heats at low temperatures. But the quanta theory 
hns nothing to oSor aa to the thermal and electrical 
conductivities. The discordance la, however, decisive. 
U la perhaps premature to try to reconcile matters 
until measures of Ibe thermal conductivities at low 
tcuiiH-rntnrea have been made, comparable with the ex¬ 
cellent ones on the electrical comluotlvltlea made by 
Kamerllugh Onra-x" at the temperature of liquid air 
ami hydrogen. 

iv. tux UAsnrruiv. 

Tlie electron seems to have definitely become one of 
our phyalml properties P. Weiss" has for several 
yearn, and with Increasing success, tried to lulroduon 
on element of maguctlsm, tlie magneton, bringing to 
I war npon it an Imposing mass of experimental results. 

lie sinned from the theory of dla- and pant-mag- 
ni-Usm built by Lmigovln." In that theory dlaniag- 
IM-Ilsni In orplalncd by Lho defonuatliMi of tbe lulni- 
utoiulc eleclrtmle trajectories under the Infinenco of an 
exterior electric field paramagnetism results from the 
existence or n molecular magnetic moment of certain 
HuhsluiKVH. Wolss has elaborated this theory so as to 
loelnde ferromagnetism by mean* of a supplementary 
liyisitbCHU, that of molecular magnetic fields preqxir- 
lloiial lo the inngnetiilng force. This Ides of an elec¬ 
tric field Is not new. Through It Hits" dernloiied his 
iHHiitlfiil theory of Hie structure of the series of cer- 
tiilu s| wet rum lines and the Zeeman effect. It led Well* 
lo fnmiolie whli-h are well snlistnntlated by experiment 
nol only in lho legRimutu field of electromagnetism (the 
vn rln I Ion uf lho (Inrie constant with the temperature), 
but ulso ns to the atwclfic heats of ferromagnetic Isalles. 
It was while looking for snob precise experimental con- 
llriuallon that Weiss was led to the theory of the 
mngiHttun. 

The measure of the a Involute value of tlie atomic mag¬ 
netic moments of Iron and nickel at the temiierature of 
Ifaplld hydrogen, made In collaboration with Kamerllngh 
I bines, led at the start to numbers IiyglO and 3^70, 
which divided, respectively, by 11 and 8 lead praeticnlly 
in lho same quotient, 1,1JB.fi. For cobalt tbe corre¬ 
sponding number was later found to he very clone to 
!»X 1,123.0. For the moloenle of magnetite the resnlts 
were more complex and must be divided by a to cum- 
laire them with the atom of Iron. These also led to 
wlmlo multiplea of tbe name number, the factor of pro- 
isiri Inna llty changing abruptly at certain temperatures 
as ir ibe atom of Iron uudefweat cor re s p onding altera¬ 
tions. Tbe number 1,2311, of which all the atomic mag¬ 
netic momenta are multiples, will bn called I he mag- 
netuu-gramme, and ita quotient by tbe Avogarrfn num¬ 
ber (the number of a loans per gramme-atom) is the 
magneton, 10.4 X It)-". The properties of a feiromat- 
netlc body are than well explained by auppoelng that 
the magnetic momenta of their atoms are simple multi¬ 
ples of a magneton. Magnetism will then hive a gran¬ 
ular structure Uka electricity, 

Inte resting confirms Hons have been mode of thla 
1 " w,th "Ward to all I bear anratto** whtoh 

to more than akatcb, aea tire lartnra whlok are Mines* tefen 
the Sorliu de phyatgm la Daiewber, 1 ( 11 . spec the ri sot ra* 
theory of metila. amt also the hook which Are haw arm] 
thsre died 00 the Theory of Mlattoa. 
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theory through measures of vtrtoua experimenter* upon 
paramagnetic aalta or. indeed, upon other bodies. The 
uumbera of Pascal" and those of Mile. Feytis" era In 
qualitative and quantitative a coord with the hypotheda 
of the amgnetou. Aa these number* wars catoulatad 
with reference to water as a standard, an exact knowl¬ 
edge of the diamagnetic constant of water became neo- 
ewary. It* measure U dlfflcuit and hai led to dis¬ 
crepant reaulta. It haa bean remeasured aepantoly by 
HA re" and by P. Welaa and Phmu-d," who have reached 
coucordant reaulta close to 0.72 X 10^ at 20 deg. Oaot 
1 he theory of tha magneton thus haa had the merit of 
fixing definitely thla Important constant. 

Wc are obliged to adadt, however, that for ferromag¬ 
netic bodies tbe atom does uot poaseae a unique mag¬ 
netic moment, but ha* a certain number of different 
values according to the tempera tun and the chemical 
compound into which It enters. All these values, how¬ 
ever, have integral ratios. Tha actoal existence at the 
magneton haa been demonstrated In the atoms of Iron, 
nickel, cobalt, manga new, vanadium, calcium, mercury, 
and uranium. Wa therefore seem to bars here a real, 
very' general conatituent element of matter. Wc may 
therefore think of adding the magneton to the other 
known fundamental elementary, bodies. The attempt 
made by Langevtn" to deduce the magneton from the 
quantum at Planck will doubtIrea serve oa a stimulus 
In thla direction. 

iv. inn raonuoTioa ahu hatuu or aAOioua ion a. 

We will not discuss hero the simple, ordinary Iona 
such aa originate from tbe X-rays, radium, the UerU 
effect, etc. For never* 1 years the accepted theory 
(lAngevIn, J. J. Thomson, Townsend, and others) was 
this: tbe negative electron, turn from a molecule by the 
Ionising force, surrounds Itself with a cortege of neu¬ 
tral molecules; the residual positive atomic Ion docs 
likewise. Thus originate the ordinary positive aud 
negative tons. They are characterised by their mobil¬ 
ity K, coefficient of recombination a, and diffusion D. 

At very low pressures and at high temperatures these 
assemblages are dissociated little by llttlu to the primi¬ 
tive charged renter. We will see that some modification 
of these Ideas will be necessary. 

(1) Along the line of theory since the fundamental 
work of Langevln (Ain in tea Oh. Phya., 1000) several 
new attemirta have been made to explain the order of 
magnitude of the mohllltloa and their variations. 
Among these we should specially mention those of 
Sutherland," of Weillsch.* 1 ami of Hetngauum." Suth¬ 
erland, especially, departing from the hypothesis of 
molecular agglomeration, supposes that au ion is Iden¬ 
tical with the electron or the primitive atom-ion; Its 
velocity is modified and retarded by the electric action 
exercised upon the neighboring ions or tha molecules 
polarised by Its approach. An apparent viscosity Is 
I hns created which explains very well the results of 
Phillips (see farther on) upon the variation of the mo¬ 
bility with the temperature. Tha actoal theory Is not 
unlike that which led Kutberland to his weH-kuiwa 
formula for tbe variation with the tom pert tors of the 
visenslty of a gas. 

It will be perhaps coovoelent tp use tbe ooorenUon, 
of the older theory, considering the tons a© assemhUgse 
in perpetual p ro c ess of formation and disintegration in 
a kind of dynaarieBl equilibrium; the charged wanter 
will theu be in turn free and loaded with neutral, mole¬ 
cules. We wll| see that i, greater part of the experi¬ 
mental data makes amah s conroatton almost neeasaaiy. 

(S) With a view to furnish]ug DesftU malarial for 
tbe theoretical devetopmenta, pytn/ measures ter© hew 
made open the mobility, tbe rata Of rocombtoaUan, and 
the diffusion at rariwa tomperstarew and prwmroe. 
We-will mention tha reewdlw V ffhftfta- (rariafoa 
df fc and a with the tempera tore), Kevoeth," Todd," 
mo IP **“ 1, *•*<*■'*•■.«*->*.m. W» i ret tvi l 
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will not pass through air, although they will through 
fluorite and itnrtly through quarts. It produces small 
Inna of both algos, neutral centers, large Iona, and 
mtnne. It la extremely sensitive to minute traces of Im¬ 
purities In the bus, traces which enuuol be detected by 
■it her means. It con be distinguished frura the Herts 
etrecl euil become very much greater. All thane conclu¬ 
sions are drawn from the researches of Hughe*,”, Can- 
ncKlcler, n I-cuani end Iluuuaut-r,”, slid Iswin and 
l-lugene Hloch." The laLler hare shown also that the 
radiation transmitted by quurti and coming from a 
mercury arc Ionises (he sir feebly In the nelghborlusid 
of the tire and seems eoiiHcqueiiUy to omit a small 
amount of Hchnraunn rays. In place of the usual source 
of Schumann rays, n hydrogen tube furnlslied with 
quarts windows, Leuard and Itamaunar used a very 
IHiwnrfiil spark between electrodes of aluminium. Then 
(lie Ionisation takes place even through air and quarts 
and tho eximrlmentera attribute It to raya of wave- 


probable that the effect Is due to ordinary Schumann 
nijs which have been imrtlully irnnsmltted by media 
generally opaque to Diem bccinisc of (he great original 
Intensity of the light. Tills question remains to lie 
studied ns well as the 1-onard effect In general, the 
knowledge of which Is yet very limited despite the great 
number of Intcmdlng problems connected with it 

The Problem of the High Building 

By Prof. Charles Peck Warren, Assistant Professor 
of Architecture, Columbia University 

Tits question Is fnnuently asked, Will America ever 
develop a stylo of architecture? ITolatlily the nearest 
we have come to it Is In the erection of the skyscraiier 


The demand for lh« skyscraper Is nn outcome of i-on- 
dltlons iieunllar to New York, although riilcago clalais 
the honor of haring erected the drst steel skeleton build¬ 
ing. Manhattan Islaud Is so narrow slid Its trade 
center Is so near one end ttrnt the rapid Im-rcssc In 
trade since INTO Inis necessarily Isen conllned In a 
limited ana, olsl in imisequonco tlie land there lias 
advanced rapidly In value. 

Tlie first direct result of the nieiuice In the height of 
buildings was tho Invention or passenger elevators for 
isunmen-lul buildings, for It was soon discovered thnt 
tenants wisild not mount stairs ultove four, or, nl the 
mml, five stories. KleVHtors wen- emiiloyed for the first 
time lu the Fifth Avenne llotid III lNfid, sml Inter on. 
In 1808, in the old Fspiltuble llulldlng, destroyed liy lire 
In 1UU. The gradual iloveh 
high speed nude vert Ini I tr 



owing to the constant rise In real estate values, so that 
tlie height of buildings had to be raised to ten and 
twelve.stories. It wns warn illseovered thnt these tall 
liiilldlngs, ■■nnstruetisl as they were of comhuatlblo mate¬ 
rials In the floors, stairs, and elevator wells, could nut 
lie controlled In case of fin-, so tlio llulldlng Department 
In 1882 isissed a law requiring buildings exceeding 
eighty-live feel lu height to Is- fireproof, 

This gave u great Impetus lo steel construction, and 
buildings such as the Mills, Morse, and Pont were erect¬ 
ed, in which, for the first lime, the floor lieu ms and 
Interior columns wen- made of Iron or steel. The 
further development of stis-l construction made It ]hh- 
silde to erect n safe uud isssimulcal building rising to 
ii greater height. 

A uew difficulty hen- presented Itself. Under the old 
system of niiistrui'tlon tho outer walls become so thick 
at the hast-, wlieu (be building wns cnrrtod up twelve 
or fifteen stories, as to cuiinc n law of income to the 

liallwuy would he left It became necessary to make 
tlm walls lhlnni$, and this resulted In the eoustrurtlon 
or curtain walla tunl skeleton frames. 

The niamsiry walls are not needed for strength; they 
are divided into hccIIoim anil Hupiwrtnd by the steel 
frame. A twelve-story Imlldlug, for Instance, would 
rcqnlrc .'UHiii-h Is-arlng walls on the first Hisir, hut only 
2tMurli skeleton walls, saving nearly three feet In the 
width of the building, or over 10 per cent on a lot 28 


feet wide. The walla of the Wool worth Building an 
4 feet 4 Inches thick at the base. Under the old method 
they would have been 10 feet 4 inches. 

What la the limit to the height of buOdtop? The 
answer la the height at which the bonding oeaaee to 
yield a auffleient Income on the Investment. There la 
i o doubt of the poadbllity of erecting a building 1,000 
feet high—aay, aeventy-flVe stories—but would It pay? 

An examination of the records of the Building Bnrean 
shows that the Increase In the height of buildings Is 
not represented by t steady upward line of growth, but 
by an Irregular line lu which the upward tendency Is 
Interrupted at intervals by lines of dep r essi on . 

starting with the year 1800, which marked the begin¬ 
ning of the development of the steel skyscraper, the 
height rapidly increased to eighteen stories, reached by 
the Mutual Life Insurance Building In 18B2. Then fol¬ 
lowed a reduction lasting two or three yearn, and then 
an upward movement culminating In 1800 In the twen- 
ty-four-etory Hark How Building The following deiade 
witnessed a alight repression until about 1800, and then 
a rapid turn upwurd to forty-two stories attained by the 
Singer Building to lBOti. Another el* followed, and 
then a rise which was top) led In 1012 by the Wool worth 
llulldlng with Its fifty-five stories. 

A congestion of skyscrapers In any community la ob¬ 
jectionable for several reasons; It Is dangerous to life, 
im-nm-e to health, and It Impedes traffic. It la quite 
true that tlie modern building can be made fireproof, 
hut when filled with In flammable material, It becomes, 
In effect, merely a stove or a furnace la cane of fire. 
A lurge |H-rcculuge of so-i-alled loft buildings are used 
for manufacturing pur;sues, fur which they were not 

■ IcsIgDcd. Under tho present building code It is still 
IHMsIble for owners to pervert the uses of tlietr buildings. 
Wlien the new code is adopted the provision requiring 
a certificate of occupancy to ho filed with the plans will 
<i|H>ratc to prevent this condition. 

In regard to the aecoud cause, the dark rooms In 
which tlionoands most work, rat off from light and air 
by the uiljolnlng tall buildings nnqtuwtloiiably have a 
dumngtiig effect upon the health of the occupants. This, 
however, might not have any effect in limiting the 
height or buildings, but the fact that these darkened 
lower floors yield a smaller revenue will have Its effect. 

UoiKv-mlng tlie third cause, It does not need any elab¬ 
orate explanation to show that tall buildings bring 
about a thoroughly undesirable congestion of popula¬ 
tion. Htnrt to walk up Fifth Avenue from Fourteenth 
Street nuy day lit the main boor. It Is slmost Impos¬ 
sible, las-aiiw- of tile Iremetulous outissiriug of the 

■ icviiiiiiidH of tin- uiljolnlng loft liiilldlngs. The result Is 
tile m-lghlsirhixsl Is shunned, and shops become unde- 
slrahle, rent falls and the buildings fall to return a 


Tin- future uncertainty of land values in New York 
city will also linvo a tendency to dlsconrage the erec- 
1 Ishi iif high buildings. Hitherto the tendency of vnlnes 
Ims Ins -11 alrnuet uniformly upward, but In the last 
few years there luis htsjn In some quarters, notably in 
the Ilrottdway aeetloii Hlsrve Ulty Hall up and In lower 
Fifth Avenue, a tendency lu the opposite direction. 
Who can foretell with auy certainty the effect of the 
futnre suhwnya and tnnnels upon land values? Suppose 
the vast outlying area should Isi devebqssl for manu¬ 
facturing purpiMoa, of whst use would he the loft 
building? 

A akyacraiH-r la not uoceaaarlly a anaiey-maklng In¬ 
vestment The majority return rents less than many 
utlier forma of luvesUnent uml some of them actually 
lass money. It Is a sad commentary on the life of « 
skyscraper tliat the first the Tower Uulldlng, A2 Broad¬ 
way, erected hi 1888, was torn.down to 1813. WiiyT 
Hecauae It did out |wy, and on Its site la being erected a 
low anade stone structure equlvaleut to height to the 
average four-story building.— Nctr York timet. 

New hutnacatg of PrecMoa 

Thk work of Dr. W. Roaenhato, IA8, of the Na¬ 
tional Physical Laboratory, is very wall known to engi¬ 
neers, particularly through bis dear and comprebendv* 
reports to the Alloys Research Committee of the Insti¬ 
tution of Mechanical Engineers. Besides being a adan - 
Hat of international repute Dr. Roaanhaln Is an to van t- 
or, and three of bla latest instruments are described to 
hla recent Institute of Metals paper on ‘Borns Appli¬ 
ance* for Motallographlc Heseareh." All throe wan 
worked out to the metallurgy department of the Na¬ 
tional Physical laboratory in order to tocraes* tba 
accuracy and convenience of rcaearoh work of tbs high¬ 
est kind. The simplest la a little osteal dtfiep for 
the accurate leveling of metal specimen* for th« micro¬ 
scope. A beam of light, reflected from th* poUsbad sur- 
face of tha metal, M tad aa an Index wbershy toe snr- 
faoa can to quktoy and «Mly art tmly horimaL At 


ottor two taetruiMntattoal with prabtaga which aitaki 
the preparation of acetal* eooltog and Sseetto* Currae 
One of these problems is that of beating sad oooUn* 
apadwana of metal at any deatrad rat* Which shell 

This is attained by the one of vertical tube furnaote so 
arranged as to bo hot at one sod and ooM at tho othtev 
with a uniform gradattoo of temperature between the 
two end*. The specimen Is raised or lowered to this 
tube, and la baa tad or cooled accordingly, th* rate be¬ 
ing easily varied by altering the rate of railing or low¬ 
ering. A “blank" beating curve reproduced to the paper 
shows a maxim am variation for 3 deg. Cent, ranging 
wily between 12 second* and 90 asoonds-over a tempera¬ 
ture range of 700 deg. Oct ’ 

The third apptlanoe described. Says the London Jtoflf 
Telegraph, la a “plotting chronograph.” by Beene. «f 
which the "Inverse rate" curves, So freely wad in metat- 
lograpblc research, arc plotted automatically to a very 
large scale, the observer merely tapping a key aa the 
various temperature Intervals are pawed The instru¬ 
ment, which thus not only acta aa a chronograph, but 
at once plots the readings to tha shape of a earns, la 
somewhat complex. Ha accurate and satisfactory work¬ 
ing, however, la testified by tha corn* with which th* 
twist is Illustrated. 
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aatowHsts cf tin preaent day are tncatonnUta, in that 
tiiagy britora that a rpeeire eu be tranttonnsd into a 
jflfr r tot :>-,jee to a by external or internal influences, bnt 
Umv dp not, a«i«e In retard to tfae mechanism of the 
ttaarfawnatioa aniithrfant li nnlprnmii Experiment* 
w&h plants have already given reealu that appear to 
confirm Lanark's riev, that the form* and function* 
at orjflii are modified eUefly by ohangre in external 
eopdhtoo. erf life. 

Prof. Pmd Sabatier: Prot. Sabatier, who in 1012 
■batad with Prof. Gncaanl the Nobel priie for chemistry, 
hope* tat the ependy discovery or production of largo 
Unanfi 1 ** «d radioactive substances. 

Prtf. Samuel Pot,ti: Dr. Fond replica that exact 
knowledge at the eauao of cancer ia a most urgent 
daaidcratma Neither the panudtia nor the noo-para- 
tttie theory baa been proved nonohislveiy, although the 
latter to perhaps top ported by the itronger evidence, in¬ 
cluding teaulta obtained recently by Dr. Poaii. 

Hie discovery of the parasite would toon be followod 
by the production at a diagnostic serum which would 
latd to very early operation. U might oven bo possible 
to prodnM a curative nornm, that would diminish the 
extant and danger at the operation, which would still 
be BWeasily in Dr. Foul's opinion. 

If the discern is not parasitic, knowledge of the con¬ 
ditions that promote the growth of cancer cells would 
rtggot methods of preventing the disease, or, at least, 
of arresting or retarding its program. 

Prof. Smile Pont: Kmlle Morel, professor of tbo theory 
of functions at the Morbonne. and an adept in the theory 
at probabilities, thinks that the scientific revolution has 
already been inaugurated by the application at the 
statistical method, notably to radioactive changes, which 
we can explain In no other manner. Tho sudden ex¬ 
plosion of a single one of a multitude of radium atoms 
Is governed by the known laws of probability. The 
point of departure for tlui science of the twentieth century 
is |he principle that the most Immutable laws am based 
on chance. The explanation of phenomena will consist 
in their reduction to very numerous elementary actions, 
regulated by statistical laws, as the pnamiro of gases Is 
explained in the klnutlu theory of gases. The most 
attractive problem is the statistical explanation of uni- 
venal gravitation. When the statistieal method has 
taken its proper place in mechanic* and physics, it wiU 
be possible to apply it with advantage to biological and 
probUxna. It is already recognised that Die 
mysteries at hereditary can be explained in no other way. 
This transformation of suienoe will Infiueneo our concep¬ 
tion of knowledge. The dogmatic value of a law like 
that of Newton will give place to tho practical demon¬ 
stration of tho improbability of miracle*, and statistical 
certainty will be substituted for logical certainty. 

Prof. K. C. Pickering, of Hareard: This eminent 
American astronomer regards u the most important 
of astronomical discoveries tho determination of tho 
number* of star* of different colon and degrees at bright¬ 
ness, for the purpose of finding their distribution in 
■pane and fixing the limits—of these are limits—of the 
. His* universe. Determinations of parallax and proper 
motion would be equally interesting. 

(tottfituititottrt 

[fke oiUore «ra not ratgontible for itotomente mode 
ia tho correspondence oohunn. Anongmons comment- 
cotton* oenaol bo considered, bnt the names of corre¬ 
spondents tolU bo withheld when so desired.] 

Safe tad Uaaafe Oxy-Aeetylra* Gewerator 
To Mm Editor of the Hcrwmnu AmtatcAs BumxMWT: 

In ■ recent tow of the Humanxirr there was pub- 
. fished a description of bow to make an oxy-acetylene 
wwtdtng outfit, and while the writer Is nmfcmbtedly a 
dever mechanic, it la evident that there are rnguy pecu¬ 
liar! tyo* of acetylene and facta in relation to Its practi¬ 
cal naa that be Is nnaequstnted with. As a consequence, 
the apparatus wUfefc ha describee Amtalua elements of 
■eriow danger, and It is of a form (hat meets tbe die- 
approval of all experts and experienced men. 

' In view of Am above a few facts (a relation to accty- 
tsae may be not only of Interest, bat particularly val- 
uabie to (hoe* crnttemptoOBf the tme of weMtng appa- 

M A^ek Ae asetyhoe ladustry, which for the first few 
years gave «wbl attentioa hr Uv^imtioe, bad de- 
reippsd MM Oakting ceogratoe te a point where it was 
■, re wril aafw«Ttor»d ttat tfae Nathmal Brer* of Fire 

cd'-cbsaAdti’eMmepbl brthga to 

*«*«».**. V. te ,ag)vdfl. «* tha rapU 

vMipM '^^hhd^dee *&€■ V®** 

* ). **> ,• fltotatototty tt a 


modi Oca tlooa in tbe system of generation, Tbe details 
of the rapid adaptation of tbe Industry to this new field 
only bare Interest to the general public, In no tor aa it 
may now be said that this field Ib si well covered as 
regards safety as tbe systems used for illumination, 

The simplicity of the reaction between calcium car¬ 
bide and water In tbe early days temirted many who 
are not engineers or chemists to tiring nliout this reac¬ 
tion, and because they got UlomtnaUon as a result, they 
did not res 11 re that acetylene, like any other gas, must 
he properly controlled or it will cause trouble. Ho In 
the oiy-ncetylene welding Held engineers sod meclundcs 
not famlllnr with acetylene sought to simplify the sys¬ 
tems of generation, and this bus led to an epidemic of 
plana and specifications for simple generators, put forth 
In good faith by their originators, but hasardous In tbe 
extreme been use the necessary safeguards, which long 
experience has demonstrated to be necessary, were en¬ 
tirely lacking. 

The form which has seemed to be moat attractive to 
these amateur designers has been the pnwsure gen¬ 
erator, the baste Idea Isdug the m|xtnre of carbide and 
water In snrh s way ns to produce the gas under press¬ 
ure, utilising this pressure lit the blow-pipe- Kitchen 
boilers are a favorite mcon* of storing sect) lone nnder 
pressure, or storing oxygen undpr pressure, or. many 
times, both In the samp aptarnilns. The absence In the 
geiH-rul markets of apienitiia of this kind has led those 
nnlidtlalud to believe that no one else lias thought of 
this plan, mill that a large Held «hh open to the Inven¬ 
tor wlio discovered It. Tlie fscls are tliat almost e\ery- 
<NK‘ In the Industry has at some line laissed llmiugh 
the stHgi' of evolution where this Idea has (spurred to 
them, mid the fact lhat no apiurntna of this kind Is to 
he had In the market should be a warning Instead of an 
encouragement. 

Acetylene under pressure changes Its physical nature. 
After II renehes Ifi |wunds to the square Inch, it grad¬ 
ually liemmc* more mat more apt to dissociate without 
the addition of oxygen. The word “dissociate'’ aa ap¬ 
plied to ucelyleiie means that the acetylene. which Is 
cmuiWHcd of airbon anil liydrngcu, will, uudi<r certain 
rimimslunoeti, ueimnile null ccasn to tm acetylene lint 
become carbon In the rnmi of Inmidilack and liydrogeu 
in tbe form of a gas. In doing so, it will give off con¬ 
siderable quantities of heat. The atoms therefore fly 
a|sirt with explosive violence. If acetylene la not under 
pressure, the molecule which dissociates Is loo fur re¬ 
moved from Its relghlmr to emise I he next molecule In 
break up, but once yon compress acetylene, tho mole¬ 
cules come close enough together so that one molecule 
eels off the next, so that the whole laass goes Instantly 
■mil with gnat violence. All tlml Is needed to start the 
explosion Is a lempenitnro of mi deg Fa hr. or above 
this. One of the lawt lllilHtriitioiiH of thla Is a row or 
dominos; assuming Hint yim set your ilranlmH lhm> 
Inches aiwrt mid kias'k over the first, the second one 
will not fall, tile row of dominos will aland exeepl the 
one which has fallen orer, lint If .von bring the domino, 
close enough together no lhat one railing hits the next, 
the whole row goes off. Ho It Is with acetylene—so 
lung aa (he acetylene pressure Is less than 1.1 imports to 
the square Inch, If may he subjected In high tempera- 
lltrps without dissertating exeepl molecule by molecule, 
Imt If you compretw alsne IB pounds lo the sipmre lneli. 
the danger point has liecn atlnliiisl. nisi the more yon 
compress the more dangiTnus It Isvmnc*. It Is for this 
reason that free acetylene nlmvc 15 |«umds lo tlie 
square Inch Is forbidden ull over the world. 

Tbe moment that this point Is nmlondood, It hernroiw 
s|(parent that what Is known as the pressure generator 
would not be permitted for use hy any authorities, 
munlclinl, fitata or Insurance. If all Ihc Inspectors nn- 
ilerslissl the matter. It Is sutBclenlly ondcrslood so 
that these generators have m*ver attained any Inrgc 
rale, and there la really no market for them that can 
he mads profitable by anybody. Thera ,are a few con- 
cernn in tbs country who are pushing these generators. 
They are made not only for the oxy-ncelylene Industry, 
but they are used to create a pressure In acetylene 
which may lie utilised in charging automobile cylinders. 
The mm of pressure generators for this purpose has 
been followed hy a record of (hath nod destruction 
which should J» sufficient warning, Nevertheless, (here 
are certain people Who, kn(Wring the circumstances, still 
persist In endeavoring to foist prewmre generators upon 
tbe local garage man or some Inexperienced persons 
who may be Induced to orgaidse a little company for 
the purpose of filfiag aatomotrtle cylinders nr welding 
Widespread attention should lie ailed hy the scientific 
Journals to tbe facta in tbe case and mechanics and 
others who an experimenting with acetylene should be 
warned not to Undertake tfae oemprewdon of acetylene 
by any means, abort 18 pounds to the square loch. 

Nuasruai manufacturers are making groan tors 
wor king up to tat not over 10 poands pressure, which 
haw penned the National Board of Fire Underwriters. 
Three aye properly safeguarded, and then Is do reason 


why those desiring to enter tho oxy-iivrtylene field 
should not secure a pro|sw generator rather Ilian risk 
their lives by using experimental systems of general Inn, 
which may he econnmlcul, bnt which contain Inherent 
hasarda which barn not yet lawn overcome. 

A. Ciioihy Momhisos, 

Hecrctary InternalloiuiI Acetylene Association. 

A Curious Property of Numberg 

Write any number of three digit*, of wliinh the 

first Is greater than the last, say.170 

interchange the first and last digit* . 071 


(' .nsiilering this itifferem e to lai also a number of 
throe digil*. intoreliangc it* first and la*l digits 0 
Add this number to the preceding — 

The result will always lie ... 1(1 

Another example: 5K2 


This rule ia a particular instance of a general rule, ob¬ 
tained from the above by putting "two or more" for 
"three,” the result being for a numlier of 
2digitsf)X 11-OX II XI -90X1 - 00 

.'i digits I) X 121-OX 11X11 -00X11 - I0K0 

4 digits OX 1221-OX I1X 111 -00X111 - 1OOH0 

f, digits II X 12221 = 0 X II X 1111 - 90 X IIII = lOOOHO 

For a number of a digit* (n> 1) the result is 0 times a 
number of a digits, id which tho first ami last are l's 
and the others, if there are any. are 2's; or 00 times a 
number of n-1 digits, all of whlnh are l's; or, if u-2, 
tho nwult is 0B, if n>2, thr result is a number of at 1 
digits, of which tho first two ore I, 0, the last two H, 0, 
and tha others, if them are any, are all 0's. Also, if 
a-3. we note that the result is IFXll*. or 3.1 >. 

We will prove the rule for the case when a-3. The 
general proof is similar. 

I*d m be llu> given number and a, b, r its digit*, of 
which n>e. 

Then w-axl0*+bxl0+r. 

Let m' ho the number obtailusl fnmi m by interchang¬ 
ing the first and last digits. 

Then m'-cX IlF+iX MI+«. 

Now when we pmetssl to HiibLrant in the units column, 
since o>r, we add 10 units lo thr minuend and. lo lialanec 
this, add I ten to the siibliwliend, so lhat 

m (■ lU-«Xl0*+hXlfit (1IH0 
and m'-HO—rXHF-Mfc+llXMHu. 

Then as wo cannot lake li +1 tens from f> tens, we add 
10 tens to tho minuend anil I hundred to the subtrahend, 
so that now we ha\e 

w +10+ KXI- oX 10»+ (10+MX10 f (10+r) 
and m'+ 10+100= (.+1 )X 10M- (h+1 )X 10+a. 
Hublraeling we get 

»i—m’-I(n-c) - llxIOM-OX 10+110- (o-r)l 
Since n and r are digits and a>e, 

(I” -raTO 
Hen* iTn-rTO 

Hern* oria-r) - 1~H and I <l(l-(u-c)'"9 

Thereforn (a- r)-l. 0. and II) -(«—<) are Ihe digits of 
the difference m- m'. 

Set r-(n-r)- 1 anil * -10- (n-r) 

Then r+«=0 and m-m’ -rX 10> MIX 10+* 

Hence (m-m')' -»XH) , +0X10+ r 

Therefore 

(m-m')+(ai- m')' -(r+.)X10M-2x9X10-| (*+r) 
-OX HF+2X0X10+0 
-0(1XHI*+2X10+1) 

-0X121 

iu a two or three figure number inten-hanging tho 
first and last digit* i* the same as reversing the order of 
all the digit*. This is not so in general for a numlier 
of more than three figures. 

For such numbers, however, H|*eial rules ran easily 
be worked out for tlie result of an operation like that 
egpbuned alsive in which we reverse tho order of all 
the digits instead of merely interchanging the first and 
but digit*. 

For example, starting with a four figure nu min* abed, 
if a > d and 6 ^ r, the remill is HINDU; 

if n > d and b < e, the result is 0000. 

Starting with a five figure numlier a h c if e, 
if a > r and b ^ d. the result is I00H00, 

if a > e and b < d, the result is 000)10. 


Many of the railway lines between France and Bel¬ 
gium intersect the t retie lies, ami regular trains cannot 
he run in those liswlltie*; hut tlie Mermans have util¬ 
ised these Hues by bringing In ears operated hy storage 
batteries and operating them singly to remove the wound¬ 
ed from the battle front, and to bring hack siqqdles. 





Electrification of the Elkhorn Grade 

A Notable Power Equipment on the Norfolk & Western Railway 


Tint oli-e trifled mi- linn of the Norfolk and Wsstnro 
Railway, known on the KIkkorn tirade, in located on llio 
main 11m- in West Virginia, alnmt 11Ml mile* west of 
Uonuoke, ami oxU-iiiIh Inmi Rluclh-ld to Vivian, a distance 
of almut :tll mile*. Tho Msillon is dauliln track through¬ 
out, except in the Elkhorn Tunnel, which is single track. 
Tin-re 1* also a large amount of third track, or passing 
sidings and hram-hes into Ihn coal workings and yard 
trackage. 

The grades on the line ore heavy, varying from 1.0 
per will at the west end to l.S to 2 per omit up the grade, 
to and through the Hiimmil tunnel, a distance or about 
10 miles; Iheins- tho linn di-seeml* on a 2.5 per cent grade 
for almut a mile ami then rises again at tho ruling ratu 
of alsiul 0.25 ]N<r oenl for 10.5 mih-s and Anally up a 
1.22 per eent grade for three miles Into RluoAeld, tlm 
eaalnrly end of tho division. Fully (HI |ier ount of tho 
linn Is on eurves, tho maximum Is-lng about 12 degrees. 

The I'hs-lrilleatlon of this seotlon of tho railway in 
primarily for tho purpose of aolluotiog from the main 
siding* and yanla In tho coal Oelds the entire eaatisiund 
coal tonnage, and transporting it up the grade* and nvnr 
the summit to the elassiflualion yard at Blueflehl, the 
division point of tho railway. From llluefteld, afUir 
classification, it is tihipixid east to the various destina¬ 
tion point*. All enal trafUc originates west <if Flat 
Top. 

There are numeroua colliery aiding* tliroughout tho 
ratal Belds and the electric service Includes the eolloclion 
■if loaded cars nr trains from tlmsu sidings nil tliu east- 
iMiiind trip and the dnlivary of oinplhw on tho return trip. 
It will thus Im seen tliat the eloatrifled Ms-lion is prac¬ 
tically a local switching anil short haul division lmtwecn 
the coal Aelils and llluefleld, n|siralcd to a largi- extent 
iiide|Mindenlly of llie oilier tralllc of the main division 
In addition to the heavy tonnuge coal train serves-, how¬ 
ever, through mereluuidlmi fraighl anil passenger tmflto 
o\ er lie- nleelriAed see.tion, whiuh is still handled by steam 
rend engines, is also handled ill part by electric engines 
winch uro used n* puslvore or hel|K-rs up the grades. 

A mindilion fumruhlc to ulmitrie traction is IIm< foot 
final trains may In- despatched at fairly uniform inter- 
\uls thningliout the day ailri thus desirable loading con¬ 
ditions on the power system are obtained and at the same 
lime the full service is liandled with a moderate number 
of loeomollves, inch making a number of rnund trips 
|s-r -lay. 

Tin- piirisiMi of tho company In eloctnfying this 
section is to inoronse tho caiuw-ily of tho railway hy mi- 
PtihII) redlining the lime required hi handln trains and 
to provide a mom economical and efficient survice over 
the heavy grades* To this cml the heavy freight trains 
an- humlk-d with electrie loeomollves at a running spis-d 
up the grades of l-l miles |n-r hour as compared with 
about 7}-j miles per hour under sloam operation; and a 
furthiu- saving In time is also elTontod by the elimination 
of the delays steam trains have heretofore occasioned by 
oeeupying the tr**V» while the engines lake on oool and 
water, one at a time, at the several coal and water sta¬ 
tions on tlm grade. Tho effect uf increased speed Is 
especially marked at the single track Klkborn Tunnel 
3,000 foot long on Ui per cent grads, whsre on oeeoaat 


of ventilation requirements, it has been necessary under 
steam operation hi reduce tho speed up grade in the tun¬ 
nel to about 0 miles per hour. This requires about 
seven minutes to oleor tho block, whereas under cleotrio 
operation this movement is made in about throe minutes. 

ThH heavy coal trains, known as "tonnage trains,” 
handled in this service weigh 3,200 tons and have for¬ 
merly been limndled up the grade hy three steam loco¬ 
motives, two of those, a mail engine and helper, one at 
emeh end of the train, being used over the entire sootion, 
and the third, at the rear, serving os a pusher up the 1.5 
and 2 per cent grades, this pusher being cut off at the 
summit. These steam engines are of the highly developed 
heavy Mallet type fitted with mechanical stokers and 
superheaters. Under electric operation a single road 
engine is used over the division and a mnond eleotria 
engine is used as a pusher up the IJi anil 2 per eent 
grade*. Thus It. will he seen that one c Loo trio engine 
takes the plane of two Mullets ovnr the division or two 
elootrio engine* take the plane of thrno Mallets up tho 
grade* and handle the train at approximately double the 
steam speed. The spood at which the uloctrio locomotives 
handle the trains on tho 0.4 per cent grade between Coop¬ 
er and (Iraham is 2H mile* per liour. 

Tlm electrical Installation lias boon laid out anil power 
plant, Ussimotives and other equipment provided for 
handling 20 tonnage trains, nr 05,000 tons, a day nut- 
hound over tlie division and provision has been made 
for additions! trafflo when required. The number of 
the*e tonnage trains handled per day at present it almut 


twelve, in addition to whioh pusher and helper service 
is provided for through freight and paanugnr trains. 

I’owcr Is generated in single phase at 25 cycle* and 
11,1X10 volts; is stepped up to 44,000 volts for distribu¬ 
tion, ami is delivered to the line at 11,000 volts, single 
phase, from suitably boated sab-stations fitted with 
static transformers. Tlie locomotives, however, are 
unlqiio In that they are oqulpped with phase eonver- 
tors, whioh, in connection with the main stop-down 
transformers on the locomotive, transform tho single¬ 
phase power of Uw trolley to thtoe-phase power for use 
In the three-phase Induction type traotion motors. Thus, 
while retaining all the advantages of high voltage single- 
phase distribution and ootleotion, the advantages of three- 
phase Induotion motors for those heavy traction mountain 
grade oondltion* are also mured. 

, Another characteristic feature of the Installation Is 
the fact that as the result of the use of traotion motors 
of tho polyphase induntkin type it is feasible without 
the use of additional or complicated apparatus and 
devioes to utilise the locomotives for elootrioolly holding 
or braking the trains at constant spaed while Hesoeading 
grades. This utilises the energy In the moving train 
descending the grade to drive the motors os generators 
and thus return energy to the line. 

This kind of doe trio hraldng or “regeneration” has boon 
muoh dismissed and often proposed both In this country 
and abroad hut with the exoeptbn of the Glovi line in 
1 taly this feature has not been utilised In any extensive 
eommerelal e lee trie railway operation. Even on the 
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The electrical switches. 

Olovl line the train weights do not exceed 400 lonn nml 
It ia evident, therefore, (lint thin in the first inula nee 
where tbo uio of till* form of cluetrle braking bu ever 
been attempted for heavy freight train nervine such ns 
obtains on American railroads. On the Klkhnrn Onulu 
tbo condition* are miob that the full advantages of this 
form of braking can bo scoured as the trains nro very 
heavy, the grades severe and speeds are relatively high. 
This feature of the Installation has proven highly satis¬ 
factory, the heaviest trains being handled down the 
mountain grades with a single engine at a uniform speed 
of about IS miles per hour with the utmost ease, the air 
brakes being held in reserve for bringing the train to a 
standstill when required. This results In a large re¬ 
duction In the wear on the can and looo motives generally. 
While the above is the principal advantage obtained from 
regenerative braking, there is also some saving In power 
dun to the return of enotgy to the lino, which Is available 
for augmenting the power house In supplying power to 
other trains If there Is a demand fur such power at the 
lima. 

Next to the electric looo motives, tho most interesting 
feature of tho electrification is probably tho catenary line 
construction. In designing this feature of the installa¬ 
tion. the engineers had uppermost in mind the two im¬ 
portant requirrencnU of reliability of service and low 
nest of maintenance. An effort has been made to secure 
the maximum degree of flexibility and freedom from hard 
spots at the contact wire so as to avoid rapid deteriora¬ 
tion and frequent breakages and failure*. 

In working oat the design on those lines the catenary 
system has taken the form of single catenary with an 
auxiliary mommger wire above the trolley, one main 
hanger being provided for every two Intermediate con¬ 
nections between auxiliary and trolley on tangents. On 
carve* the angularity of the hangers provided the neces¬ 
sary flexibility, tho auxiliary messenger and trolley wire 


being bulb connected to the hanger at. the same point. 

Great earn has I men taken also to provide ample clear- 
anno between every live part nnd adjacent gren ruled struct¬ 
ures and as a rule this clearance is maintained at nut less 
than IN inches ho as to avoid the danger «,r birds or 
foreign materials causing u short einiuit. Tho same 
principle appluw in tho tunnels, the insulators are, how¬ 
ever, plows! olT to the side and out of tho direct blast 
from toooniolivo slacks and here two 44,000 volt trans¬ 
mission line insulators in series are used In all eases lie- 
twnon live points and ground. 

Tho line supports are light bridges mado of tubular 
polos and Ucthlchom “II” Sootlon ortmnlsioms, and the 
structures are guyed on the outside of oiirvos to rudsl 
the curve pull by means of two heavy guy rods seaurod 
In concrete anchorages. A l signal bridges tho signals 
and catenary systems are supported on structural 
bridges which consist of latticed posts carrying shallow 
plate girders wliinh form os little obstruction to the view 
of signals as possible and are easily painted and main- 
lainnd. The same ty|si of bridge is used on curves 
whore it ia impossiblo to provide guys at the outside of 
tho curve. 

In addition to the direct advantages and Ravings re¬ 
sulting from tlie electric train service tho railway has 
taken advantage of tho presence of an adequate power 
supply at net cost of generation for tho operation of 
various auxiliary plants. Thus a largo steam pumping 
station at Bluostono for tho water supply for steam looo- 
motlvm has Issin shut down and tho pumping is done at 
the oloolrie power station located nearby, and the fans 
for ventilating tho Hlkliom Tunnel will now ho driven 
by electric motors. 

The layout and design of the ontire installation was 
worked out in ail details by dibits and Hill, engineers 
for tho company. All construction, excepting tho power 
house and Inspection buildings and somo of the power 


IxKomotlvr motors and gearing. 

station equipment, was carried out by a X|)ccially or¬ 
ganised railroad foree under the sii|s>rvisiiui of the 
engineers. 

Tim |Hiwer station is of the usual ty|M> using steam 
Istilers and steam turbines as tlie prime movers. Il is 
lists Pal at llluesloiie on tlie Blues time river alioul 11 
milos west of Rlucfiold mainly for the reason that this 
is nlninsl the only avaihtltli! soiinst of whUt for boiler 
feml and condensing punstses in Uu< ditdrlel uml llin 
railway oom|tsny hail already enlistment a d&in and 
reservoir liere for thn water supply for its steam locomo¬ 
tives. 

Tile main structure is about 13.1 fwil liy I.Vi fisit witli 
a 52 Toot by 33 feet extension at llm northeast isirner, 
and contains, I smell's extensive Jsiwer nnd auxiliary 
plants, the usual swilnhing oulllls, and aceoiiimiHlatiuiis 
for the oisiral.ing stniT, tho oxU.iision eontnining thu 
transformers. 

Thn Isiilur plant comprises leu Htirling ty|si waUir 
tube boilers, deslgmsl fur a working pressure of 225 
pounds gage and equipped witli 8U|H rle-ntirs capable 
of superiieating tho stoam 18) deg. Kulir. at normal 
rating. Kwh Isdler ia fitted with an umlerfwxl stoker. 

Tlie Initial power equipment ounsisls of llinsi liurinm- 
lal turbines oT tlie WcstinghouHe-l’arsons impulse re- 
setinn double flow ty|si raUsl at 10,(11)0 kilowatts with 
steam at 100 l»mnds, superlioatisl ICO deg. Kaiir. and 
28^ inch vacuum when running at 1,500 n<voliilions 
per minute, and gnvcrnoil by an oil relay mechanism 
for operating tho stoam valves. 

Tim main turbo-generators are of the Wesliughousn 
type having a rating of 10,000 kilowatts at 80 per ount 
power factor. 11,000 volt*. 25 cycles, single phase. At 
tills rating, the generators are specified to tqiurato for 
24 hours with a rise in temperature not exceeding 00 
deg. Cent, above the temperature of the uooling air. 

Exisms regenerated power relumed to tho |wwcr housu 
at no loail passes to the 11,000 volt bus anil through thu 
various transformers liack to tlto generators if tlie genera¬ 
tors are running under very light load or no loud. If no 
other load were providod, tbo regenerated power wuukl 
reverse the generator* and operate them as motors. To 
prevent this a loading device sonusling of oltsanslo* im¬ 
mersed in tho intake canal and controlled by suitable 
switches is providod. 

Thu operation of tho switohos is made uulomatlo 
by mean* of a group of relays and magnetic switches, 
current transformer*, etc, so oonneotod as to give tho 
following result*: 

When the amount of oxoess regenerated power reaches 
say 300 K.V.A. the closing relays throw in ono water 
rheostat on the 11,000 volt bus. A* soon as tho regen¬ 
erated power exceeds the capacity of one water rheostat 
by 300 K.V-A. another dosing relay throw* llm second 
water rheostat In on th* 11,000 volt bus. The difference 
imtwoen the amount of cxna* regenerated power and the 
capacity of the water rheostat* in terviee is made up by 
tho generator*. 

When thn excess regenerated power has beoumo re¬ 
duced to loro with one rheostat in tervioe all of the rheo¬ 
stat load being supplied by the generator* one of thu 
tripping relay* trip* tho oirouit breaker* which cuts thu 
rheostat off th* 11,000 volt bus. With two rhoostati 
in service, when the excess regenerated power drops to 
2,000 K.V.A. one of the relay* <>l»nt the breaker which 
wi* closed flret and out* one rheostat out of icrvioe. The 
other rheostat remain* in until the excess regenerated 
power’drop* tofiero when it, too. ii eut oat of *arvne. 
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Each rhoosUt oondaU of a steel cone carrying a load 
hum the circuit breaken, and a fixed ingot iron plate 
located at the bottom of the Intake canal, and grounded 
to a eopiwr plato bedded in the earth outside of the canal. 
The power diulpaling capacity ia adjusted by varying 
the distance Isilwron the none and the iron plate. Tbo 
wjMi is mim'd or towered in the water of the canal by 
naans of a hand-operated winch and cable carried on a 
Htcel bracket across the canal. 

The tralHc on tho electrified section is handled by 
twelve 27U-ton Ualdwin-Westlnghouse locomotives, each 
eonHistiiiK of two KV>-ton units or halves. 

It is necessary in liandllng heavy trains on mountain 
grades to have a part of the motive power at the rear 
of llie train in order to avoid excessive strains on tho 
dmugliL rigging of the ears. In this case tho power is 
divided equally between the two ends of the train and 
the trains are of sueb great length in this mountainous 
counlry that thorn is difficulty of signaling from one 
locomotive to the oilier und thus the locomotives are 
subject to treat muni which would be consldorod lmpos- 
sible in nnlinary service. Nor instance, it is not unusual 
for llm rear locomotive on receiving a starting signal 
to stand still for a minute or more exerting full tractive 
effort in an effort to start the train before the head loco¬ 
motive lias got into full arliun. Also in stopping a train 
the lined engine shuts off power and the lirakec are applied 
while the rear engine keeps pushing the train until It 
comes lo a Hlaiulslill. Tills would requiro some very 
careful liandllng with thu ordinary locomotive, but the 
electric Is designed to meet just lltese severe requirements 
of (he service and that without involving spocial manipu¬ 
lation. In meeting these conditions the rugged construc¬ 
tion of tho three-phase Induction motor lieing free from 
commutators, the liquid rheostats are of tho greatest 
im|Hirtanoo. The liquid rheostat not only givi-s the 
smoothest ismsihle grailations of tractive effort, but the 
latent heat of steam makes it possible without difficulty 
lo ilissl|iale the large amount of heat generated In the 
rhciMtal In meeting this severe requirement. 

Karli unit has two main trucks connected by a Mallet 
typo hinge, and each main truck lias two driving axles 
included In a rigid wheel base with a radial two-wheel 
hading truck. The humping and pulling stresses are 


transmitted through the mala track frames and tbrpugb 
twin draught rigging mounted on the main trosks at each 
end of the unit. The cab ia of the bos type and is rap- 
ported on tbe main truck ontirely by spring cushioned 
friction plates, there being no weight on the centra pins, 
which serve only to maintain the cab in 1U proper pod- 
lion on the tracks. An engineer’s comportment is pro¬ 
vided at one end of eaeh unit, the two units being so 
coupled as to provide fra operation from either end of 
tho locomotive. Kach kwomoUve is equipped with 
eight traction mo ton of the three-phase induction type, 
with wound secondaries fra four pole and eight polo 
operation. 

There are two running speeds, 14 and 28 miles per 
hour. In starting, resistance is inserted in the secondary 
circuit of the motor by means of a liquid rheostat. Nor 
the 14 miles per hour speed all motors are connected in 
parallel, having the eight pole motor combination; and 
for the 28 mile per hour spued they arc also connected 
in parallel hut with tbe four polo motor oontbinalion. 
The locomotives are equipped with unit switch type of 
control and arranged for tho simultaneous operation of 
the two units from tbe control end of cdther. 

The control equipment Is built for handling alternating 
current, which is on Uncled from the 11,UN) volt line by 
the pantograph trolleys. This current Is fod lo tin main 
transformers through an nil typo circuit breaker. A 
phase converter is connected to the low tension side of 
the transformer and operates constantly when tho loou- 
motlve is in service. To its oxlonded abaft are oouplod 
a blower for cooling tho motors, transformer* and other 
parts, and, through a clutch the air compressor. 

The two IroUnys mounted on the roof of eaoh unit, 
are of tho well known pantagraph type, but are unique 
In that they have been arranged so that if nooessary they 
may he fitted with ond horns which wiU automatically 
fold in when tho pantagraph is lowered by the tunnol 
trolley wire. In this way the unusually wide sliding 
surface will accommodate itself to the'res trie tod tunnol 
clearances. The troUoy la raised and held in contact 
with the overhead wire by springs and is lowered by oora- 
1'reused air. When locked down the trolley can only be 
roleasod by air pressure. When air is not available In 
tho reservoirs one trolley on each unit is arranged so 


lhatttmay b* utkekedaod raisadbyaanhllkaadprap. 

Oi each raft there are tore B*n4 rtmeefata, **» fte 
•Mh antra. The rheostats art operated In pair*, MNt 
provide the motor efawdt reriataaee required faerfag 
that the sprod of the rooiora may be slow at starting aad 
may be gradually in cre ased as dm r ssts l e iw s k roi oat 
of drool t. 

Tbs principal dimensions and weight of well coctpleto 
kwomotivs to as follows: 

Length overall.lOfifeet 8 inchas 

Driving wheel base, total.83 feet 10 Inohm 

"am wheel bam. 11 tot 0 taohap 

Trunk wheel bare. 10 tot 0 tohee 

Height, nfl to pantagraph 

(looked). 1ft tot 0 fashes 

Height, rail to top of cab (maxi¬ 
mum). 14 tot 9 fashes 

Width overall (maximum). 11 feet AM faehee 

Diameter nf driving wheels. 02 ineheS 

Diameter of pony wheels. 30 inohas 

Weight on drivers.230 tone 

Total weight of locomotive.370 tons 


Tbe following table shows the perframaane of these 
locomotives under varying conditions at load: 



On tests and in service the locomotives have developed 
a drawbar pull considerably In etmoas of the guaranteed 


maximum. The highest record with tho dynamometer 
oar being 180,000 pounds. This Corresponds to an ad¬ 
hesion of about 40 per cent. 


Problem* of Geographic Influence* 

titmoHArtiv offers help mid ec-nporatton to all sclciwwt 
that deal with man, nnthroiKilugy, ethnology, history, 
sucl'ilngy, weiiiHiilcH, iwyrholegy and comparative re¬ 
ligion, unit from each of theso geography will gather 
(t.ilu tor Us own |ierf«11iig. 

Tlie hlHtorlnii, for exainple, needs from the geogra¬ 
pher n more full knowledge of environmental working, 
mid the gvegrapher receives In turn much from the 
historian. Tbe old geography knew little of the causal 
mill historical, anil some of the old history might Just ns 
well Itavu I wen staged on a flat platform projected Into 
the Interplanetary ether. 

If hlidorj In to strike deep roots Into tbe earth, if It 
Is to set forth with full discernment, the molding, 
missis, motives, and movements of men, the historian 
will need help from the geographer; and Ibn historian, 
skeptical of generalisations that are too easy and sevrn- 
Ing overstatement, will respond with ets>n hand to every 
real offering of (lie geographer. 

When gi>OKru|>hy was |ss>rer than to-day, Pnrkman 
wrote llie human story cut of tts environment. James 
llryer hss always mid without stint placed geography 
In the miming with historical movements. Ami If the 
goiicrallxulloiiH of llrj'rt*. like those of Ralxel, are some- 
tlmes ringed with vaguiaiem, let ns blame, not the hts- 
torian of bnsid outlook, hut Ihc geogra[iher whoae work 
Is yet in nrreera. Other examples are not wanting. 
Wlnsnr, In dedicating his Mlsalmdppt Basin to Ur. 
Markham, then |resident of tbe Royal Oeograpbtcal 
Society, writes of environment: 

“1 would not say that there are nut ether cntnisdUng 
Intlueners but no other control la so steady." 1 

Mr. Edward John Payne has written a “History of 
tbe New World called America.'' lieing no historian, 1 
d« mil know the craft's estimate of that work, but I am 
astounded at the anther's deep and broad knowledge of 
environment in the lands whose story he tells. The 
surface, the climate, the possibilities of ceres! produc¬ 
tion and of the domestication of certain animals appear 
In sneh wise In relation to early American drillstlon, 
to the arts and ha hits of the people, as to stir the geog¬ 
rapher to admiration. Whether all of Payne'i conclu¬ 
sions stand flee or not, he gives an example of effort 
aimed at predates. This la a call to every geographer. 
The geographic atmosphere in Prof. Turner’s story of 
our north central west Is known to us, and Prof. J. L. 
Hyrea, reaching at once broadly Into tbs debts of clsirde 

• Abstracts from the add ms of Prof. Albstt P. Bristow, 
president ef the Xwm-iaiios of Americas dsognphen, at tha 
eleventh sninal meellnx at Chtraxa. 

> "Mtariaalppt Bastii, ' JustU Wisscr, Mtowlac tttla yoga. 


lore, anthropology and geography, la, to his penon and utter dearth of geographic data and also principles, 
work, living testimony to the Importance of our an thro- We are safe then In saying that moot authorities In 
pogoogriphlc task, and to tho hopefulness that lies In these sctencas of man recognise environment aa funds- 
nur attempting It. mental, but the greater part, fa a sort of absolution of 

Home historical writers are Influenced little, If-at all, cniisdem*, rut mo tbe subject and take leave of It 
by the study of tbe earth and lower life ss element* of We need not, therefore, expect the historian* or tbe 
human environment Even volumes professing to deal sodoltsdats to develop fa any fall way tbe prfadpke of 
with the geographic fuiimlatlon of history sometimes curironmental action. They admit the Deed of these 
toll of their goal, ami one preface affirm* that—"the principles, but have not the time, perhaps not the will, 
general physiography of North America 1* familiar to develop them. It remains to ns to put content into 
enough to res dors." the word environment, so that It cannot be overlooked 

This, I am sure, Is quite too rosy a view of the or altghtod, and so that Its meaning may become avail- 
geographic situation. Bnt I olto tho limitations of able fa plain terms to alL 

siime histories In no mood of criticism. Lot every man lu his "Racial Orography ot Europe" Ripley aaserta 
build the wall over against his own house. Wliat of that: “To-day geography stands ready to aerve aa an 
assured fact or proven principle we put before the his- Introduction aa well us a corrective to the actontlIk) 
loriun he has neither Ihc will nor the power to escape, study of human society." 

Our light Is fa no danger of lining put under a bushel. This was written about twenty yean ago, and yet U 
Rat we have good need to see that It I* lighted. is to-day not so valid or truthful a statement as w« 

If we turn to sociology wo meet the Insistence on the could desire It to be. Our convictions are In the right 
Import unco of environment. Let us take Cllddlngs's place and much has been done, but we atilt suffer from 
definition. that “sociology t* an attempt to account for n dearth of limited, local, special and proven data, and 
llie origin, growth, structure, and activities of society « snrplns of gmeraUialloas announced with tha en- 
by the operation of physical, vital and psychical causes, tliunlaam of fresh discovery, or rediscovery, murop- 
workiug together In tho processes of ovulation." ported by sdeqsato evidence. Wo are subject to Marett'a 

Or we may rite the utterance of Hmalt, that "this criticism of certain geoeraUxatten* of Bataal and La 
force Is lncnmnt, that It la powerful that it i* a flic- Play—"too pretty to be true."* We are awaking to tha 
tor which may never be Ignored."* Yet Dr. Small In so Importance of oar field, and thta ta wan, but it to 
extended chapter on environment mention* geography wtualiy Important to make haste slowly and to five 
but once, and then not as a odence which might eon- human geography a content aattafylng to ourselves gad 
tribute to sociology. Prof. Ridgeway' thinks that flail- convincing to our follow worker* fa adjoining Adda, 
ure fully to reeognlae man ait controlled by the laws of The pursuit at oat theme ta aa difficult aa It ta to 
the animal kingdom lends to maladministration of aitan portant . Prof. Onah ta t recent book* cocamraU oat 
new and blunder* fa social legislation. Ho say*, fur- the oaaal Idea so common In oar modem thmafa about 
tbor, "As physical characteristics are In the mala history. Hi* word ta equally pood for us. Be aays.' 
the result of cntirec merit, nodal Institutions and re- “In amn's history nothing I* mage dUBcoit Umn to 
llgioin Ideas an no tear the product of environment* attain fa eometfalng Hke a fast oomafttea at a tees 
snd again, any attempt to eradicate political and lemri ranee." 

Institutions of u equatorial rocs "will be bnt rata, for UMveneHty and imceaaUy i/a fan criteria which he 
throe Institutions are e* much part of tbe lend as are Proposes. A Stiff epptteotioo * throe pfactafoa would 
Its climate, Ita soil, tts fauna, aad Its flora." Ripley, be • Mote far ms* ?**n®fcVjsI maMm' 

In renewing the second votnms of RatoeTs anthropo- 
grognphy. critiefaro the anther for wgtaetin* ecrilae- 
tlnn, eoostdering its Importance fa snout theory, end fa 
view of tho feet that theories of raw dtepetelM tern 
open nor lodgment fa thta matter, rertap* the real 
title of the case ta eeen la the inmiuft set Iom tyo 
of a serious aad careful vetema on fas flewtefauefa '<* 
western ctvUtaatteo. which — mthstaes exhtettu as 
• "Oasral BscMefy,* A. W. flmeB, < 1 *. ' 

"wmu* "tu lnttnitlfMi at Cam 

te Mam" faffi Jroro. AA flri. SSTtafa mST 


Ofle ef the principal uxlrihtta qt the fqweflm frxctftc ,. 
^faitiririon ta <maof tfee Preneyttehta BeBfahd riebtito '■ 
tetoBtottwe metratad aa a twetehfa. «tee)oeo- 
mottre tatmfa fabeate taraetafa tM werid te MMifo : 
■te farvtek ■ ft ttmahfa of twe eUb'etrf 5f- ■ 

, rapfafajr tm m * V * 
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The Time System of the United States 

Why It Exists and Some of Its Vagaries and Defects 


Om .promt method of calcalattug and Indicating 
ttai Ja > legacy from tho ancient Romans. Haring be¬ 
come occaatMMd to It through long Tears of me we 
fad to notice Its afcoftcomlnga, Inconatatenclea, and 
abamdltloa. It la only whan oar attention la particu¬ 
larly directed to boom glaring Inconsistency or some 
unbrarahl* hardship that wo wake up to the situation 
and take measures to re)less ourselves of some burden 
that It Impoaaa opon na 

Such a condition forced Itself opon the attention of 
the paMIe In 1888. Prerioaa to that year each city 
and town reckoned Its time from its meridian. This I* 
to say, from the meridian passing through that par 
titular place. It was impracticable for railways to 
arraftfa their time tables to conform strictly with this 
coodltkiL Some attempts nude to do no created cou- 
stdorable confusion. It neceeaKated the engineer and 
other train hands Retting their watches at nearly every 
Important station. HI* proved a very costly practice 
to the railroad companies and was the direct cause of 
aaow disasters. There wore Upward of fifty different 
kinds of railway time In the United States, and it was 
a usual thing tor Jewelry stores to provide tbetr regu¬ 
lators with two minute hands, one tor local time and 
one for railway time. This caused so much inconveni¬ 
ence to the public and became such a sonroo of trot ihle 
to railway managers that, In order to rollers the situa¬ 
tion, an agreement was entered Into to adopt four 
meridians from which time for the United dtatw should 
be taken. 

The meridians adopted for this purpose wore the 711th, 
from which Bastern time la taken. The 00th, for neu¬ 
tral time, the lflRth for mountain time, and the 120th 
tor FacMc time. These meridians are ID degrees sport, 
making a difference In time of exactly one hour between 
each. AH the railways throughout the United Staten 
now arrange their time tallies approximately to eon- 
fortuity with those meridians. 

On November IRth. 1883, this new system went Into 
effect end there was a general re-setting of dorks and 
watches all over the country. Beery city and town 
now uses for Its local time one of Iheee meridians, the 
one need bring identical with that used by the railways 
passing through, or terminating at that place. 

To fully comprehend tho use of these meridians It 
must be borne In mind that longitude Is nnlversally 
reckoned from Greenwich. Every am captain all over 
the world, regardless of from what port be sails or to 
what port he la bound, sets his chronometer by Green¬ 
wich time. It must also be borne In mind that the 
time occupied by the earth to making a revolution Is 
at. hours. Dividing 38D degrees by 24 hoots gives IB 
degress; consequently ID degrees has a time value of 
one hour. This Is to say, the apparent mutton of tho 
sun from east to west Is at the rate of 16 degrees por 

The meridians. It will be understood, run north and 
south. The 00th, from which Atlantic time Is taken, 
pareea through the eastern parts of the province of 
Quebec and New Brunswick, Canada. This meridian 
la used on some of the Oanadtan railways, but Is not 
used In the United States. The 78th meridian, from 
which Hasten time is rechoood, passes through Herki¬ 
mer, NSW York, Western New Jersey sod Be stem Penn- 
tylvmsU. shoot midway between Trenton and Phllodri- 
phto. The 90th meridian, from which Central time Is 
reckoned, pomes through the extreme eastern edge of 
UIoMOote, the we stern part of MkMgan, the center of 
Wisconsin; through Illinois. 17 miles *wfwt of Us cap! 
tal—Bprlngflrid—and 13 miles east of Hi tools, through 
The extreme eastern parts of Missouri and Arkansas, 
tho westers part of Trammer, 8 miles east of Mem¬ 
phis. through MMmtppf, 3 miles west of Jackson, and 
tktirigjjl the eastern ride of Louisiana, B rnOee cast of 
New Orleans. Ths 106th meridian, from which moun¬ 
tain time It reckoned, poms through cdhtm Montana, 
40 miles ehst of KBes OBJ; through eastern Wyoming, 

, 10. mpM weM of Chsymnm; through Denver, and 10 
« gM west of Colorado ffpttapi through New Mexico, 
K.Jgttm east of OM&.fn fe* through the ex- 
tnam'*P* of' Teas, 88.ml* east of SB Paso, The 
VtiKh mm+Bgn, from wUeb HMtfls time-Is reckoned. 
,fr » m , u »hg l» twm«li «• Wm si Washington and 
■ Ormfk.ttnm the dlridtog Una between Nevada and 


By Charles T. Higginbotham 

It requires three meridians to sniqily the remaining 46 
per cent There arc, however, ounfiwlng Irregularities 
caused by the locations selected by the railway com¬ 
panies for changing their time schedules. This ta un¬ 
avoidable. Railways cannot be expected to change Ume 
exactly midway between meridians. They usually select 
the termination of dlvbrtotis for that pnnswe. As a 
result the Eastern and Wort urn boundaries of the area 
using Central Ume form rigxag lines. This condition 
Is productive of strange situations. Traveling from 
(ireenaburg. Kansas to Beverly, Nebraska- a distance 
of about 200 miles One north—It berimes necessary for 
the traveler, If he would have bis witch agree with the 
time used to the different towns through which be 
passes, to set It four times during bis Journey. This 
la owing to his crossing the rigsag boundary lines aw 
laid out by the railroads. 

Whenever a change of time Is made by a railway 
there must of necessity be two kinds of time at that 
plare. At Pittsburgh they are Eastern slid Central. 
Trains going east one tho former, and those going 
west the latter. Buffalo has the same condition In an 
exaggerated form, for the reason lhnt all trains going 
east use eastern time, while trains going west use both 
eastern and central. The Grand Trunk, the Michigan 
Central and the Wabaab uao Eastern lime, while all 
roads Booth of lake Eric use Central. Trains arrive 
and depart from HI Paso, Texas, on four different kinds 
of railway time: Central, Mountain, Pacific and Mexi¬ 
can. it Is Impossible to estimate the lorn to the travel¬ 
ing public from mistakes caused by this confusing state 
of affairs, hut In stating that the monetary low to llm 
public from time spent in efforts to decipher and unravel 
tire complications In our railway time tables, brought 
almut by our present con fusion system Is 35,000,000, 
would not seem to be very far from being correct. 
That this Is not an exaggerated estimate may be seen 
when we consider that American railways carry two 
and a half million passengers dally. If the average 
loan of time In deciphering nnd studying time tables 
Is ono half cent per passenger the yearly aggregate 
wtuid amount to $4,502,500. i„ addition to this our 
complicated system Involves Increased labor and ex¬ 
pense to the railway nxnpanlee In making out their 
time tables. Here then we have $5,000,000 a your shso- 
lntely wasted. Enough to build a knttlndilp, mid this 
(lore not take Into account tho amount lost by mistakes 
arising from the same cause. 

Another fruitful source of cnufnslon and mistakes Is 
the method of dividing the day and night Into two 
periods of 12 bourn, numbered, 1 to 12, ncrrenltallng 
tho dsn of those awkward and Inconvenient ntlixm 
A. If. and P. M. 

Tho Egyptians were the drat to divide tho day nnd 
night Into 24 equal parts. They numbered the boors 
1 to 24. The Romans begun their day at sunrise, luim- 
Iswing the honrs to sunset 1 to 12, and numlswlng them 
from sunset to suurlse also 1 to 12. Onr A. M. and 
P. M. Is a part of the burdensome legacy Inherited from 
them. The hours constituting tbolr day and night were 
of unequal and constantly varying lengths. In course 
of time they made a change lo our present system, and 
bad they adopted the Egyptian method they would have 
conferred an Inestimable hnoeflt n|on mankind. 

The remedy toe the evils we have described lies: 
First In numbering the hours as the Egyptians did. 
Beginning, as we now do at midnight we would number 
the boun np to boon 1 to 12; the hour we now desig¬ 
nate os 1 P. M. would be 13, and so on to 24. Hccund, 
we should adopt cue meridian for the entire United 
Htatre, wbleh could bo done without any serious dls- 
turitance of affairs. Tho change which was made In 
1883 was hardly noticed and proved a groat benefit 
without working hardahlp on anyone, The advantage 
secured by that change wm Inrignlflcant hs rompaml 
to the advantage to be seen red by tho use of one 
meridian and the 24-boar system. 

Canada baa already adopted the 24-bour system on 
all her railroads west of Port Arthur, and China has 
adopted one meridian for the entire empire, which 
embrace* 60 d egrees, the same amount as tho United 
Staten. Shall ws allow ourselves to he left behind by 
other nation? 

Let as sopped* that the 00th degree—central meridian 
—should ha adopted as the om from which United 
Btatm time aheold be reckoned; what thou would bo 
the atfset on hoatosaa? Tha how at 8 A. M. la bow 
pretty CcoartHy adopted fra tha eommaoeamwt at boat- 
'mm. -If wa sfcoald taka oar time from tha central 


meridian It would ls> D In New York, 8 In Chicago, 7 
In Denver and 6 In Han Francisco; but what mattcra It 
where the handn of llie clock point so long ns I ms lucre 
commences the same amount of time after sunrise? 
Clocks and watclire should be our servants, not we 
thetra. 

On April 10th the sun rises at Philadelphia at n 
o'clock- as we Dow reckon lime. This Is to aay. the 
Philadelphians commence huslrnm 3 hours after snn- 
rlsa Tho only difference that the ehnnge would pro¬ 
duce Is that the hands of tbelr chs-k would isilnt nt 9 
Instead of & 

We would soon become accustomed to the proposed 
change and tho greet benefit and saving resulting there¬ 
from would repay u* many limes over for any slight 
Inconvenience that might Ht first be frit With this 
system In force there would be no setting aod resetting 
of traveler’s or railroad employee's watches. One might 
travel from coast to coast without disturbing his wati-li. 
The reading of railway time tallies would he so sim¬ 
plified that there wisild bo no excuse for making mis¬ 
takes. The absurdities that now exist In tho mutter of 
lime would lie eliminated. 

liy our present system of reckoning lime it would 
have hern possible for au event pi have occurred lu 
New York on January 1st, 11)11, nt I A. M„ and tor 
I bat event to have been known 111 Han Francisco at 
10 1>. M.. Dcrrmlicr .Hat, 1010. It Is now possible lo 
leave El Paso for the West one hour and fifty mlnntes 
before you arrive from the East - according lo railway 
lime tulilm. The writer reconll> saw the np|«rcnt 
anomaly of two trains standing side li.v Hide In the sta¬ 
tion nt Buffalo, both headed fur tla* West, yet the engl- 
neers’ and eoiidiii-tors' wntchi-s on one (rain were Juat 
isn- hour ahead of tile other. This sort of Incongruity 
wiaild Is- IliiINissIhle with tile proisasd new system. 

Half a century ago there was not a watch In exist¬ 
ence capable of meeting the requirements of American 
railway time service today. Railway time Inspection 
has set the limit of vnrlathsi from true lime, for Its 
employees’ WHlchrs, nt 30 seconds n week. Tills means 
tliaL the balance wheri shall not vary In Its motion to 
the extent of one vibration mil of every 20.000. Taking 
Into i-csislderation the various canoes of disturbance In 
which n raUwny engineer’s watch Is subjected, the Jolts 
and Jars, the ehanges nf temiiersture and the lungurilc 
Influence ItH-ldeidal In the proxliully of targe masses 
of Iron and steel, this performance Is truly remarkable. 
That It Is possible to secure such nivurncy In Hindi a tiny 
piece of mechanism subjected to ttawe ndvern* Inllu- 
rncea Is lltlln short of marvelous, anil Justifies tho 
i-lnlin that the watch of today is the must wonderful 
piece «f mechanism that the Ingenuity nf man bos ever 
produced. 

The requirement for accuracy In rnllwsy watches In 
I (articular, nnd for othrra as well, Is Iss-nmlug more 
exacting every day. Qorologlsla an- nt their wlls’ end 
to meet lliem. The time la surely coming when a purely 
nicchnutcnl device will no longer siillloe lo produce 
siiftlclcnt accuracy. Wlmt then? Hi sue otlo-r funs* 
of nature must he enlisted. What will It ls>? What 
else but that mysterious force, electricity? That won¬ 
derful power which Is tiring harnessed to lighten man’s 
burdens and minister to his wants and pleasures. Yes: 
Wireless Electricity Is destined to solve the problem. 

The time Is now sent out from the otieerratory at 
Washington from an astronomical clock, mi protected 
•gainst all disturbing Influences that It runs with In¬ 
finitesimal variation, and Is corrected hy nightly slellnr 
uliservatliHiH. t'entrally hs-alcd clis-ks nail rolled from 
this master chs-k at Washington will la- used to send 
(Sit aerial electric waves. These clocks will control 
a radius of, |H*rho|*«, <sto hundred miles. The watch 
aial the chs-k of the fill uro, like tta'lr precursors, the 
sundial nisi the rieiwydra. will he relegated In the 
shelves nf our museums, tta'lr |(tan* taken by electric 
reci-lvcrs contrived to Indicate time ns-elvcd from these 
lentrsl clis-ks, Tin* railway engineer will do longer 
(lepeml upon a mecltanlcnl emitritaiwv which Is always 
liable to error In Its tiHUenthsiN of (line. lie will press 
a hultisi nnd read rite time lo the sis-oud. In exart con¬ 
formity with the accurate astronomical dock at Wnslt- 
lngtoix Tlte little Instrument which ta* i-Hrrica will he 
no larger than a watch. 

It Duty he asked; Will not the new Instrument he 
liable to get out of order, and give incorrect time? No! 
Tfan new Instrument will never lie. It may get out of 
order, but win never lead to a mistake. It trill either 
< Indicate correct time or no time at all. 
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Illumination of the Panama-Pacific Exposition 

Wonderful EfFects Produced by Modem Apparatus and the Engineer’s Art 

By W. D’A. Ryan, Chief of Illumination 



4 - 4 ' *'' 


Palaces of Transportation *nd Mlnei 

Tiir llluniiiiuLlmi of the Panama-Paclllc International 
Exposition in a development in the art of illumination 
marie by the wIcikt of lighting which grow up 

uniter the name of illiinilnnling engimeriug unil hail I In 
inception al the ThiiniMn-lioUHten plant of tile <lnm<ral 
Electric Company at Lynn, Maw., nearly 211 yearn age 

While in charge nr the expert course, the writer uanii 
closely in eontiu-t with the development of tlio Thomwir 
tl3 arc lamps wtlieli in \ arious ornamental forms wen 
designed for alternating and dinet current nerie* and 
multiple rircliilH. The inclosed ares hoou mails their 
appearance and these lamps added to the existing light 
Ing sources suggested the nonessiLy nf a careful scientific 
study in tlm selection, hsatlon, niflwloring and gloliini 
of the various mills to obtain maximum results al mini 
mum oust fur industrial use, store and street lighting, 
and other purposes. 

That illuminating engineering wus to form such an 
important Hlanlallwd branch of elivlrical engineering 
was not at first reeugniasl, lint nf lor considerable pmgn'ss 
bad I teen maile in litis luvrtii-ular field the title of Illum¬ 
inating Engineer Isieanie generally acknowledged. From 
that litiio on llm ilevelupinenl bos Ixvii very rapid. New 
pliulometepi, luximeters, anil luminonioteni were Imitt 
for lalsiratory and Held work. Uimloliromoseopeti were 
designed /or studying elTeels of different lights on var¬ 
ious isdoml materials, dilfiiwrs inode their appearance, 
srientltte glassware and reflectors swept over the land, 
extensive laboratory and Held tests were made and tho 
development beeamo general. 

In lighting proposilions involving spicial effects or 
trealiueiil, it lias lieeome the practice to employ an 
illuminating engimer in addition to tbu elnetrieal eng¬ 
ineer, It was therefore natural tbul when the 1’anama- 
Parifle Intematiimal Exposition deeided that its illum¬ 
ination should iiossesH baton* of tuivelfy to oomwpoud 
with ils general poliey il n■cognised the neeessity of 
establishing a department of illundaaUng engineering 
In addition to the eleelrirul aud mechanical department, 
which came under the direelion of Mr. Cl. L. Bay ley. 

Mr. Hayley’s appliiatiun to the (leneral Electric Com¬ 
pany resulted in llm writer's appearing before Mr. H. D. 
II. Conniek, director of works, and the architectural 
eomiiiission in August, 11112, to consider tho preparation 
of lighting plans along original lines. Three months 
later a scheme and seo|>e was pnwentod to tho arohi- 
teelural eotnmlssioii and the writer was officially ap¬ 
pointed “Cliief nf Illumination" in eharge of the Illum¬ 
inating and s|Nwtaeular effects, also the design of light¬ 
ing slanilanls and fixtures and the selection of the glass 
for tlie buildings anil various lighting units. 

As a result, for tho first lime in history the lighting 
of an ipternational Kxixwition was completely designed 
and charted before Ihe buildings were erected. 

A detailed doacripllnii of the lighting in a limited space 
Is, irf course, impossible, aud It is the purpose of this 
article to convey a general idea of the effects rather than 
the means employ oil to produce them. 



The illumination of lilo Exposition marks an epoch 
in the snimrno of lighting and Urn art of illumination, 
lake many other fealunw of the Kx|xmitiun, the illum¬ 
ination iB highly ctluoullumd in character and emphasises 
more Ilian anything that has gone before the result of 
eunnenlratiKi study in the Imst uses and appUeatlon of 
artificial light. 

l*rovious exposition buildings have, in the main, boon 
used as background on which to display lamp*. Tho 
art of outlining, notably the effects obtained at tho Pan- 
American Exposition at Buffalo, could prolobly not be 
iur|>as*od. This nictlmd of illumination has, however, 
been extcndisi to amusement |wks throughout the world 
and is now nommonplaoo. Its particular disadvantage is 
that it suppresses tho architecture which becomes 
secondary and it is practically impomihle to obtain a 
variety of effects, mi that tbo Exposition from every point 
of view prooonte mure or leas similarity. Furthermore, 
the glare from so numy expoaod sources, particularly 
when assembled on light colored buildings, causes eye 
strain. Prior to tho opening night of tho Exposition, 
there were many who maintained that the public srould 
not bo attracted except by the glare of exposed sources 
and great hrilliancy, which was analogous to saying that 
the masses could ho attracted only by one form of light¬ 
ing. The results obtained, however, clearly disproved 
this theory. 

The lighting effooti are radical, daring and is every 
sento new, the fundamental features of which consist 
primarily of masked lighting diffused upon softly illum¬ 
inated facades emphasised by strongly illuminated towers 
and minarets in beautiful oobw tones. 

Tho direct source is completely screened in the main 
vistas and the "behind the soean" effects an minimised 
to a few locations and are nowhere offensive. 

Furnishing wonderful contrast to the soft Alumina lion 
of tbs palaoea, with their Ugh lights and shadows, we 
hare the Zone, or amusement section with all the glare 
of the biurre, giving the visiter an opportunity to con¬ 
trast the light of the present with the lBaminatioa of the 
futtua. As ws pass (com tbs Zone with its btaas of tights. 


softly lllaialaated by reflected light. 

we enter a pleasing Hold of enUoemettl or carnival snirit. 
We are first impressed with the beautiful colors of the 
heraldic shields on which is written tho early history of 
the Pacific Ocean and California. Behind there banners 
are luminous are lamp* in dusters of two, three, five, 
seven and nine, ranging in height from 25 to 55 fret 
We look from the semi-shadow upon beautiful vistas, and 
the Guerin colors which fascinate In tha daytime are 
even more entrancing by night. The lawns and shrub¬ 
bery surrounding the buddings and the trees with their 
wonderful shadows appear In magnificent relief against 
the soft background of the palaoea and the "Tower of 
Jewels” with iU 102,(WO “Nova-gems,” or ro-oalled ex¬ 
position Jewels, standing mysteriously against the starry 
blue-black canopy of tha night, surpassing the dreams 
of Aladdin. 

As we enter the "Court of Abundance" from the root, 
with its masked shell standards strongly illuminating tha 
cornice lines and gradually fading to twilight in the fore¬ 
ground, wo are Impressed with tho fooling of mystery 
analogous to' the prime conooptton of the architect's 
wonderful creation. Soft radiant energy Is everywhere; 
lights and shadows abound, fire spits from the mouths 
of serpents into the flaming gaa cauldrons and sends Its 
flickering rays over the oomporite Spanlsh-Oothie- 
Gricntal grandeur. Mysterious vapors rise from steam 
electric cauldrons and also from tbo beautiful central 
fountain group symbolising the Earth In formation. The 
cloister lanterns Mid the snow-crystal standards give a 
warm amber glow to tho whole court and tho organ to war 
is carried in the same tone by ookrred searchlight rays. 

Passing through the “Venetian Court,” we outer the 
"Court of the Universe," where the Illumination reanhea 
a climax in dignity, thoroughly in keeping with the grand¬ 
eur of the court, where art area of nearly half a million 
square feet is illuminated by two fountains, rising 05 
foot above (he level of the sunken gardens, one tymboHe- 
ing tho rising ran and the other the rutting run. 

The shaft Mid ball eurmounUi* each fountain fc 
(dared in (wavy opal glass which Is coated on the outride 
in imitation of travertine stone eo that by day they do 
not in any sense suggest the idea of being light aourere. 
Maeda lamp* installed in these two odurflaaclva a eon- 
biped initial mean spherical eandie-poww of approxim¬ 
ately 500,000 and yet the Intrinsic briDianoy it so low 
that the fountains are free from disagreeable glare apd 

■ tho groat ockmnads# are bathed In a soft radtanoe. Fog 
- relief lighting three Meads lamps are placed in specially 
i designed cup mflnoters Located In the central -Ante to 

the rear of each column. This bringi out the Pomprian 
i red walls and the cerulean blue oeQtags with their golden 
1 stare and at the *eaM time the eourcre are so thoroughly 

concealed that tbdr location oatmot be deteeted from a«y 

i point fat tha ooori 

> The perimeter of the “Sunken Garden" 1* marked by 
» balustrade standards of unkpte design eonsbtiog at 

■ Atlanta* rapporttas me te which ere pissed Maeda 
» lamp* of relatively knr ^eeodteg ow re . The fuaetin 
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The groat arches mro carried hy conowlod lamps, rod 
on one sldo anil pain yellow on the ollior, thereby pre¬ 
serving the curvature and tho rollot of tho surfaoo'dcoone- 
tions. The balustrade of this nourt, 70 fi>et alsive tho 
sunken Harden, is surmounted hy 00 seraphic figures 
with jeweltsl luads. These are cross lighted by 181) 
Muds searchlight*, the demareatlon of tho beams being 
blended out hy the light from the fountains of the rising 
and the setting sun. 

Passing through tho Vonollan Court to the west, 
wo enter the "Court of tho Four Seasons," classically 
grand. Wo are now in a hold of Illumination in perfect 
harmony with the surroundings, suggesting peace and 
quiet. The high current luminous ana mounted in 
pairs on 25-foot standards masked by Greek banners arc 
wonderfully pleasing in this setting. Thu white light 
on the columns causes them to stand out In aoml- 
sDbouetle against the warmly Illuminated niches with 
their cascades of falling water, and tho pIsold central 
pool reflects In marvelous beauty scenes of enchantment. 

Having reviewed In order illuminations mysterious, 
grand and peaceful, wo emerge from the West Court 
upon lighting classical and sublime, the magnificent 
Palace of Fine Arts bathed In triple moonlight nnd easting 
reflections In tho lagoon Imptsistble to describe. The 
effect la produced hy searchlights on the roofs uf the 
Palaces of Food Products and Kdaaatkm supplemented 
by concealed lighting in the rear cornice soffits of the 
colonnade. 

You have only pasted through the oontral, cast and 
west axis of the MipoaiUon. There are many more 
marvels to be soon. If you with to study the art of 
illumination you eoukl visit tho Bxposltion every evening 
throughout the yesr and still And ‘detail studies of In¬ 
terest, For lnstanae, did you ever see-artificial ilhunlna- 
tiou In competition with daylight? On certain occasions 
- the projectors flood-light the towers before the sun goes 
down. If yon are fortunate enough to be present, lake 
up a position In the northwest section of the “Court of 
the Universe” end watch the marvelous effect of the 
"Tower of Jewels" as the daylight vanishes end the 
artificial {nomination rises above the deepening shadows 
of tha night. The prismatic colon of the jewels intensify 
and the tower itaolf becomes e vision of beauty never to 
be forgotten 

Hu Sooth Garden may vary properly be nailed the 
(ahry-tand of the Hspoddbri at’ night. When the light* 
are first turned on, the five gnat towers are bathed in 
ruby tones and they appear with the Wdeeeseoe of red 
hot metal. This gradually fades to deUeatr roee as the 
flood-light from the are projectors conrsrta the exterior 
Of the towers Into soft Italian marble. The combination 
of . the projected an light (white) and the ooneseled 
fight (liffiy) Bwdnees shadows of a wonderful 
t Jto*. fct.afcaff tha .panwet wafls haa ha fe- 


dlvidual projector which converts it into a Veritable 
sheet of flame. 

As a primary ltae of color the heraldic shields uud 
cartouche lamp standards produce a wundcrful effect 
against the travertine walls bathed In soft radiance 
from the luminous arcs which also hring out the uolor of 
the fluwirs and lawns and create pleasing shadows in the 
palms and othor tropical roliagtt. This is supporhd 
hy a secondary effect lu tho decorative Mania staudanls 
along the “Avonuo of Palms" and throughout the garden. 
A finishing touch is added hy the effect of hfo within 
created by the warm orange light emanating from nil tho 
Exposition windows supported hy red light in tho lowers, 
minarets and pylon lanterns. 

To tho west wo have the enormous glass dome of tho 
I’alace of Horticulture converted into an astronomiral 
sphere with its revolving spots, rings and comets ap¬ 
pearing anil disappearing above and Mow the liori/sm 
and changing colors as they swing through their orbits. 
Tim action Is not mrohanical, hut astronomical. 

To tile cast, wo have the "Fisitival llall” llmsl-llghtcd 
hy luminous arcs and accentuated by orange and rose 
lights from the comer pavilions, windows, aud ianlern 
surmounting the domo, all reflected in Iho adjacent 
lagoon and possessing a distlnutlvu oharm whieli will 
long remain In tho memory. 

Purely spectacular offooLs lusvo Iiecn eonflmsl to the 
suinlillator at the on trance of tho yacht hnrlsir. This 
ooDilsts of 48 36-lnoh projectors having a combined 
projected eaudlo-powor of over 2,fif)0,flOO,(K)0. This 
Imllory Is mannod by a dotaohment of United States 
Marinos. 

A modern oxpross locomotive with Hl-inoh drivers 
is used to furnish steam fur the various flrclois fireworks 
offoota known as "Fairy Foalhers," Sun-burst," "Chro¬ 
matin Wheels," "Plumes of Paradise," "Devil’s Fan,” 
ate. The locomotive is arranged so that the wheels can 
bo driven at a sliced of .10 or (JO miles |*r hour under 
brake, thereby producing great volumes of steam and 
■moke, which, when Illuminated with various colors, 
produces a wonderful spectacle, 

The aurora borealis created l).v the searchlights reaches 
from the Golden Gate to Hausahto and extends for milos 
in every ilireotlon. The prisiuction of “Hootch Plaids” 
in the sky and the ‘‘Birth of Color,” the weird "Ghost 
Dance,” “Fighting Serpents," the "Spook's Parade" and 
many other effect* are fascinating. 

Additional feature* oomdst uf ground mines, salvos of 
■hells producing "Flags of All Nations," grotesque 
figures and artlfiolal clouds fur the purposo of creating 
midnight sunsets. 

Over 300 scintillating effect* have been workisl out 
sod this feature of the Illumination is subject to wide 
variation. Atmospheric conditions have a great in- 
faM upon tha ffsoml lighting effects; for lnstanoe, on 


still nights the reflections in the lagoons reach n climax 
particnlnrly the Ihriaco of Fine Arts as viewed from 
Administration Avenue; the fucadcs of the Ediumlinn 
and Pood 1‘roducU Palaces as seen in the waters Ihruugh 
the colonnade of the Palace of Fine Arts; tho l’alaocs 
of Horticulture anil Fesliial Hall from their respective 
lagoons in I lie Houth (Ianten; tho colonnades and the 
Novu-geilis on the heads of the seraphic figures, and Ihc 
"Tower of Jewels” us rufleuUd in tho water mirror lo- 
eatisl in Hie Nortli Arm of the "Court of the Universe." 

On windy niglitB Ihc flogs and jewels am at their heal. 
On Toggy uiglits wonderful beam effect* urn produced over 
the E\|ssollon im|sissihle at other times. When the 
wind is blowing over the lund tho scintillator display 
is different from uiglits when the wind is blowing across 
the Hay. A further variety la introduced in tho aollun 
of the smoke and steam on culm nights. 

On tho ovening of 81. l’nlrick’s Day all the search¬ 
lights wero screened with gnsm; not only tlio towers hut 
every flog in the Rx|switiou look ou a new as|H>ct. 

Orange hi various shades was tho pmvailiiig oolur 
for tlio evening of Orange Day and on the ninth anniver¬ 
sary of the burning of San Francisco tho Exposition wa* 
Iwllicd in rod, with a Btrikingly realistic demonstration 
of the burning or tho “Tower of Jewels.” 

High pressure gas lighting plays an important part 
iu street lighting in the foreign and Stale seel ions; low 
pressure gas for emergency purposes, and gas flamlxiuix 
for s|kh'UlI effects. 

The accom|>aii.vhig illustrations suggest sonic id<* of 
llic illiiniinaliuii, liut tho aiiditmn of color is absolutely 
necessary to eonvey anyllimg approaching a nunwl 
impression uf tho night pictures of the Exposition. 

Strength of Wireless Signals 

In u recent lecture dellvensl l>y Prof Mnrcliiint at 
tho lJverpoul Vulvcndty before Ihe Institution of Elec¬ 
trical Engineers lie described nn nppnrntus Hint he bml 
used lo measure the strength of signals received from 
distant places, mid he showed hy diagrams how the 
strength was Influenced h.v iilmusplierlc conditions. Hc- 
twoou two stHlIons lying msirly northwest mid soutli- 
east of cneli otlier the strength of slgiiHls during tile 
daytlmo varlnl within comimrstlvely narrow limits. 
The ratio between Die night Hnd the day strengths va¬ 
ries with llm Hum of year and also frisn iluy to day of 
nuy given mouth. Ou the evening of ii fine, clear day 
tlie Improved strength known as tho “sunset effect” 
really occurs about three Muarters of nil hour after suu- 
set. anil It varies with the wrenther condition*. When 
rnlny conditions prom II the strengthening of the signal 
after sunset Is much less marked. The variations dur¬ 
ing the night are relatively great, and occur within the 
space of a few mlnulw. 
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Electrometallurgy—I* 

Modern Methods for Producing and Refining Various Metals 

By Joseph W. Richards 


I wish to (iitir tin* ground 11 ret with a few advance 
mmirkH ii m lu wlmt ultN-lniiuuhiUurgy la. Olio dellnl- 
timi of metallurgy la, “The art uf waking tuunci’ out of 
orcH." TIh- livliulciil dclliiltlon In, "Tile urt of cxtruii- 
l»a metala mil of own iiimI refliiliiK Haiti to the parity 
nipilnil liy lorryilny unc.” Mi-talliirglrHl ojN'ratloin 
lire montly cliciulnil o|a>rntloiiN. Own, with a few 
cxivpIloiiH, mintnIn the niotnla na ciuipuuiulH, and not 
ii lliclr native Htiiti*. Tlicwrinv, IL In iiaimlly a mutter 
of diiiini|NiHlii|t Ihe eoniiNMiml, as PHNlly it ml cheaply 
ii h II iuu In- I lone, liy iiiemiN of rlieinlinl rcugcuts. Hloc- 
truiiM'tHlIiiriiy lu tin; art or iitlllxlna the electric current 
In ohtiilnliiK iiicIiiIh frum tlmlr ore*, or lu n-ttnhig them 
for ludUMtrlnl purpose*. 

Tlie main divisions of clectnniietolliirtty aw, ttrat, 
tin- electrolytic nicllioda, and, aecund, the elect ro-tber- 

I. Klcctnilytle Methods. -V. Aipieoua solutions: (A) 
Holuble anode**—electroplating, Au, Ag, Ml, l>rm<*; elec- 
tro-reAulug, Cu, I'll, Ag, Au, III, 8h, Zn. (II) Insoluble 
ituudca - exlrncllon from aulutlnu, Hu, Zn, Alt, Ag; 
cnthiallc mluctlon, I'h. 2. Knactl anlta (eleetrolytlr 
fonmccK) : (A) Klmplo sails, Nn, Hit, Mg, He, Zu; (D) 
wilullinia In fintotl IniIIis, Al. 

II. - Klectm-thoriiinl Metbotla (Klectrlc Kurnacca).— 
I. k union of inelula or nl toys-steel, brass, brouxe, 
ii nun In inn. z. Iteilucthm uf coiiiimunda to nietala or 
Hlkiya— It, HI, Mn, Zn, fcrro-nltoyM, pig Iron, pig atari. 

Nleiirlr ciirreiil can be iillllaeil for electmlytlcally 
ih<coiii|MMlna dieliilcnl Ciniiiaiiinda. Tlie olodro-thenual 
metlssl In Hint In which tlio current la uaml for lu 
lient log |Hiwer only, mid In which aome otlKT ngenl 
does Hie dmimposlng. Tlicae two Hre very dlatlnd 
from ouch other, nnd I will apciid a few mlaulca lu 
emphiiNlxliig the difference lietwoon them. 

In Hat electrolytic method you depend upon tlio elec¬ 
trolytic decomposing power of the current. You neecm- 
anrlly have to uw a direct currant except where the 
electric cell ItBeir rcctlfles Hie current, which la very 
exeeidloiinl. In nil practical olodmlytlc operations, 
only direct curwnt la lined, In eledro-tliermnl work, 
where tlie iurrent la need for Ita lientlng power only, 
direct current or iillcrnntlng current mny ho used. Al- 
tcnmlliig current la cheaper nuil doea not give Ha- III- 
illreri effects that n dlred iurrent will give, for with 
direct curronl In an electric funmee you nannlly have 
tindcelml one-sUbM cffi-cls ul the electrode*. 

Ill tlie chi-trnlytlc furnnee, tho amonnt of nacfnl 
work done, nn menanred by the amount of the produd, 
In protmrtloiiul In tlie nni|ieree of the current which 
Iiiinn, according to tile laws dlacovercd liy Funiday. 
When you are imsslng n rnrreiit through hii ehi-tro¬ 
ly tic cell, tla> iiiiHinut of iimluct la Inileiieiideut of tlie 
volta which mny Iw ci|*iuled on IIh- cell. Mini la de- 
iwialeut only ii|niii the ampewe. It la only secondarily 
tliat tlie votta \iw-d affect Hie amount of produd which 
cun lie obtained liy forcing through naire amperes. It 
In onsy to calculate the theoretical amount which you 
NhiHihl get nl ItiO |u'r will ampere cfflcleiicy ui*m Hie 
amperes flowing through any electrolytic cell. 

In electro-tlaminl work, the hent-energy of the enr- 
rent 1a that which la iillllaeil, nnd the heat effect la 
protmiiknuil lo Ihe nmperea nuilllpllcd hy the volta, 
no that tlie product will he proportional to and deter¬ 
mined hy the amount nf energy which la expended 
ii]Hiii tlie furnace na menanred hy the Klllowutt 'hour 
aider Tlie two procewne are than area to be eeern- 
Daily dlHlInd In theae two rnnilnmental way*. A third 
dlNtliidhm may nWi he drawn between tlmm—that tn 
tlie electrolytic npimnitim you miuit have an anode and 
a nitlaale arranged for proper elcrtrolysl*. amt proper 
iirrnngiiiictite for tho enenpe of the gaaeoue prodnda 
at the ciiD ante. In tlai olcs-tro-thcrmal methodn you 
have no such dlatlndlon or part*. Tliere mny lie 
cledrodea, or the ternduala or poles; hut they are net 
iNwItlve mid negative, they are not anode nnd entliode, 
nnd there In no arrangement of the cell which coptea 
or diipllcntce II* electrolytic arrangement which la 
neereaiirlly part of an eloetrolytlc operation. 

I will discuss now why the eleetrolyaln of fuacd anlta 
In sometime* rlanerd eminrniHdy under the eleetrle 
furunre meltaala. Fused anlta generally conduct cur¬ 
rent freely. Their nnliT of reatntlvlty In that of a 
well-eondiH-IIng aqncoua onlutlon like the beet conduct¬ 
ing aulphurle add, aomethlng like oof to three ohms 
per t e sUm etar cube. When yon pnaa tho current through 
~ *^jatwr ^ u “ Mndaeara' Qtb of FtdkMpuia! 


nmi de<uBj|ieeo furod sails, the operation In primarily remain undleaolred, at the anode, the sold, the sitrar, 
eleetrolytlr- lh« dewnipoultiou of affuaed aalt to obtain the platinum, little qweke of dag and matte, add p*rti- 
Ita Ingredients. However, you cannot poaa au alectrtc den of copper, which drop to tbs botteim. Thtoaaoda 
current through any solution, or, In fact, through any mud will frequently ha BO par eaht copper and 90 «r 
material, without generating aome heat by the passage 40 per cant stiver and gold. The Iron, nlCk«li MUC, 
of the current If you electrolyxe with an Intanaa cobalt, tin, and a number of other metala tars gOM 
current you gone rate much beat, aud you may roach a Into the eolation. The current-dehaity at the cathode 
liolnt whore the Internal heat generated by the peamge moat be high enough to depoait tha copper, but low 
of Die current la ao large aa to keep the electrolyte enough to lot the Impurities accumulate In (He relation, 
melted without tho niwhrtance of the external beat with wheuoa they have to be removed by other "»—■a Three 
which you started tho operation. By running the prlnclpiro ere the foundation of the entire eoppar-wfio- 
iHoration with an Intense iurrent, It la possible to get lug Industry, hy mans or which about 900A00J0DO 
the aalt melted, and keep It ao, without the aid of pounda of copper per year are reared for are In thto 
elsrtrolyals, thus Incidentally generating enough beat country, the value ronnlng over one hundred lolllioai of 
to keep the salt liquid at the temperature at which dollars. Similar principles are used for refining lead, 
you run-300 deg., 400 deg., or 1,000 deg, Gent—luck For Instance, Dr. Keith, of Pblladripbla, worked out 
hn when producing aluminum, etc.; and by regulating a very aatWactary laboratory process for refining lead 
the iurrent you can keep the temperature Just at the many yean ago- It wan not retMactory commercially, 
dralnil imlut. Many wrllpra have boon muddled on however; bat In later yean the problem has been 
thlN point, and have thought that when outside beat rolved by Mr. Anaoo Q. Betts, and than are two nr 
In iliNpenaed with, yun then Imre a furnace, and they three such pinnta In operation In this country and 
have clHKoed thorn with electrlc-furuace process!*. That ' abroad giving w a lead uf very high purity, free from 
In taking Ohiii away from where they properly belong. Mirer and gold, and particularly free from btnutb, 
Tin* fact that tlio operation la roaentlally electrolytic which la one of the moat difficult elements to get out 
In lint affected hy the fHct that tlie beat generated part- of lead by ordinary refining processes. Btomoth re¬ 
ly Huflhi-K tn keep the hath melted, and whether the malre behind In the oilmen In inch shape that It ran 
heat generated keeps the hath molted, or whether yon be purtfled, and this process baa iDcraaasd very greatly 
Imivo liven to cool It down, tliat dure Dot affect the Hie output of Matnnth In this country. The load to ao 
clinsdth-ntlon: It la not an Mectrlc-fumare proems. 1 free from bismuth that It commands a high price, be- 
w-uuld a«k you, when you reed about olectromeUUurgl- Ing particularly dealrablo In the roanufaetore of white 
ml proceeae*, that yon will benr that In mind—that lead, for a trace or blMUnth tn white lead Spolli Its 
the ehidrolyala of fused aalt, when the current supidy color. 

N Hiiffli'leut lo keep It fused, la necessarily an electro- Another element which to being etectrolytlcally ro¬ 
ly lie n|mention. Home jnuple think that when you are lined la aloe, which to more dllllcalt to ratine than eop- 
nuuluctlng nn opcratlnu requiring a higher tem|(era- i<cr or toed. There la a too lees margin commercially 
tore than the ordinary one, you necessarily have nn Hum there to for reflnlng copper, and there to no gold 

electric furnace. This dlflkulty turn been sol red by or Oliver la It, whose saving pays tor part of the 

using the term “etortrolytlc furnace” for an operation operation, no the reflnlng of It to not aa profitable as 
of this kind, wlHire tlie electric current performs elec- that of copper. 

trolysls niKl also supplies nl] the heat necessary to keep Tim electrolytic reflnlng of Mirer via flrat mode prac- 
tlio salt molted. tlcnblc by Moeblun. Taking ae anode the Mirer bullion 

Taking up now the different method* of electrometnl- which cornea from the cupeltotlon furnace, the eHver, 
lurgy, atari Ing with the use of aqueous solutions among cuptier, and Iron go Into solution, while the gold and 
the electrolytic methods, when the only non roc of elec- platinum remaining ere not dissolved. By properly 
trie cumut WHN the baHery, the plating of silver, bnuw, regulating the depositing current, only pure silver to 
nlc„ anil other metnls by menus of an aqueous solution deposited. flllvor of the greatest commercial parity 

mill electric current won the only branch developed In marie In this way. Hold Is electrolytic-ally refined 

Mlklngton brothers. In Kngland, wore the best known on the same general principles, but with differences In 
I'later* nf gold, Mlver, and other metala, Ming aqueous detail, by tbe Woblwtll process. The process was 
solution* to do electroplating. According to my deflnl worked oat at the Deutsche Olid nod Sifter Schelde 
Hun, electroplating with ]iure metal used aa on anode Anatalt tn Haftihurg. A aolutloa of chloride of gold, 
wmilil not be Included In electrometallurgy, and I elcctrolyied with a sheet of gold aa anode, gives elf 
slaiuld nay at the present time that electroplating wttli chlorine Into the air, and the anode to not dlmolred. 
a pure metallic anode la not an electrometallurgical op- If you add hydrochloric add to that solution, making 
erntion In tlie strict sen no. I mention this because ft a strongly sold solution, there coom a point when tbe 

Hie early days, when tbe battery only whs need ss a w*upe of chlorine gets ton sod ton, until Its escape 

Numvc of current, rio-troplatlng was called electro- la preveotad altogether, and the gold anode dlMotrea 
mclnllurgy. In Mr. Shaw’s flrat lank, ho assumes that perfectly. That process was lint pot Into operation 
ebvlrometnllnrgy means nothing more than tbe plating In America, at our Philadelphia Mint I bettors tha 
uf Hie metals, the duplicating of medals sod coin*, electrolytic plant has since been moved to the amy 
Hinrtlng with « pure metal aa anode, and simply clung- office lo New York. The gold, platinum, and copper 
lug Ita form and plating It oyer. From the old hooka go Into notation, while the stiver forms chloride and 
up to the present you will And much In them about remain* tmdlseolred. By using a proper depnetttng 
electroplating, or, In general galyanoplnattca, tbe art current, pure gold to obtained. The goldbeaters my 
of changing the form of a metal. Rtklngton Brother*, Utey are getting uneb better ran Its now from this 

who were plating gold and Mirer, were the flrat to commercial gold, because It to batter then they wen 

util lac tbla principle fur reflnlng copper, aaray back able to firoeura before by tbg aridctwoilcal r-fir 

nlout IMG. When the first dynamo was Invented-- The platinum to recovered from aohitton hy a staple 
I he flrat machine of Wilde—there arose tbe pomlbHIty chemical operation, so that the ptatinnm that Med 
of using Impure copper aa an anode, and plating to May with the gold and be lost to now raved, * 

<uit |mre copper, thus saving all the gold and silver Besides tin, toad, sliver, copper, and grid, t believe 
contained In tho Impure copper. Tbet was tbe flrat there are other metals to which tbe ajhrttolytto re- 
prrxvNN hy which It was poaMMe to extract geld sad lining process hi quite applicable. This Ma targa (Md, 
sliver from tbe metallic copper when they were pr es e nt In *blch electromeunurgtoU are already working. An- 
In very small amounts, and the process owed ito ema- ttaony and tin. for instance, base been worked on ft 
iih rrui success to treating cheap Impart copper, as* this way. The foaeral prlndpiaa s kpto tuad at« s pp»yN. 
lug the gold and stiver, and at tbe same time obtain- with differences to detail, to each one of tha 
ing a very pore copper at the cathode. That to a real enabling opt to obtahi the parrot metala that totft 
electrometallurgical operation. It be* a few foods- ever been pat <H tha market « you efectretora a 
mental prinriptos, which I will sat forth aa eewhaly rototteh with ag toaotoblc aaode, yoe caa'afftnct’ tM' 
l «"■ metal foera the aofotion'wittorat mkt' 

To etectrolytlcally refloe Impure metal, you want from the anode. There an g number of |mhipt£to > 
choose aa etoctrotyte a sofobto salt lu soWloo-ewSk ctoctrorastalftrgfaal pnroraw toqfodhd 'to this 
that tbe actual metal you daatra to get wltf go tato reoivat* . »a ...k.. ■ - ■’’•s- J 

the solution—and then you me et Me a itofsafUag our- 
rent of aoch quality tod quantity that you depsMt sidy 
the desired uMtal out of aatoBeu. Whan yog tgM 
Impure eoppar ra aaoda. mat th» etaMIpw 4h 
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M^dtafCtail method of extracting (old oat of 
«*«*» wm OMd fay Uram god Halite In Booth 
A***; M that method hu tad ■ hard struggle 
to M||to* with ordinary precipitation by line Bllver 
♦P* With the gold when It la demited from a 
cyanide eolation. If yoa look at the water In a 
aoppeqjnlo*, yoa will Bod it le frequently colored blue 
*y Wrfpbate of coiqwr. That eolation le usually run 
over wrap Iron or pig Iron to depoalt the renter by a 
chemical reaction; but If you are handling solutions 
where Iron la not available, It le poaelble to elretrolyio 
It with aa Inaolnble anode and throw down tlie copper, 
quits pore, on the cathode. 

Tbta year we bare had newn In the technical pi are of 
a very great dsTotoprrvmt In thla method of working In 
rhllo. The Gnggenholm’s Chile Exploration Oomjieny 
hoe aneo\ere<1 a large depoalt of reppor ore near Anto¬ 
fagasta which le uolnblo In dilute aolphnrle arid The 
ore la treated by dilate enlphorte aeld, and, hy clre-tro- 
lysing the eolation by Insoluble anodes, tlio eulpburli 
add for further treatment la regained The main crux 
of that qoretlon was to Bad an laiuluble anode which 


would not be attacked. Lead wan need, hot It forma 
lead peroxide, and gradually fella to pieces A high- 
•lllcon Iron was used; but that gradually falls to 
ploeea In Germany they ore now casting magnoth 
oxldo of Iron Into tlic shape of anodes, and 

using Uiem successfully. They are about the shape of 
flattened baseball bets, hollow Inside, with the walls 
a little oror one-fourth of an Inch thick They are 
made In Frankfort-on Mala by tho Grleshelm Rlektron 
Company The Chile Exploration Company gare the 
Krnukfoi t Ann one older for |00,000 of there electrode* 
It Is Interesting to consider thst when they are Im¬ 
mersed In tbo solution, the magnetite Itself not bring 
a good condixtnr, you would havo contldersblo resist 
nmo In posting current down to the tower end Tills 
m ohtlslrd by olcolnydepoelllng s sMl of coppor on 
Us* Inside toil fate, fastening topper strl|B at tbe top 
to fiinihnt (lie mrrent Into tbe Inside shell, and (hen 
tin* only roslstnnie width tho current meets Is about 
oiic-foiirlli of an Inch of the magnetite to get from 
the Inside to tlie outside This woik was described by 
Mr B A Cnitellln fiinltli In New York before tbe 


American Electrochemical Society at Its twenty-fifth 
general meeting In April but That waa tho Bret pub¬ 
lic description of tbe operations In detail That plant 
la designed to treat 0,000 tons of ore a day An Im 
menre body of ore la svallablo for treatment by this 
method 

Yon tan gel an Idea of tbe Impuitnnee of these moth 
ods of rieetrelysls with Itwoltiblo anodes fioni the few 
InstsiHws glum. These magnetite anodes limy also bo 
quite useful In other elerirolytle processes In tlie gen 
erttllon of oxygen, for Inntanee, they may find It prac¬ 
ticable, ter there has been trouble with anodes becoming 
corroded 1 asw Iasi Bummer, In Unite, an operation 
of tbe re me kind, or the Butte and IHilulli Company, 
plating copper nut from sulphate solution, and regain 
Ing tho snlphurle at Id for use again The rhelps 
Hodge Company, whltb runs Inrgt inpptr mines In Arl 
tonn, has begun to study this method for Its towt»L 
grade of ores, and tho main solution of tills question 
rests cm tho use of Insoluble auodes of fused mag 
uetlte 

(To be concluded ) 


Cobalt Steel* 

A New Material ter AcrekraUag Machine Tool Bpeoda 
and Ostpat 

At the present lime, when the need ter lucn-ualng the 
output of oar factories la so argent. It Is nslural that 
migiaeera should he prepared to Rive attention to any 
practical inggestlons that may lend to Increased mitimt 

One of these Is that the merits of s comparatively 
new commercial product, cobalt steel, should lie given s 
trial. Recent experiments have shown that tool steel 
nude of a suitable alloy cf Iron, carbon, and < obalt Is 
capable of weeding np to a remarkable degree any work 
In connection with the production of war material so 
ter as turning, planing, slotting, dill ling, and milling of 
lion and steel Is concerned 

This special steel hns been tested In Ameriea Rgnlust 
a vanadium steel the test bring with 14 Inch diameter 
twist-drill The cobalt steol drill made 1(1200 holes tie- 
tore the drill required to be ground, the bole depth 
bring % Inch through a malleable casting, and the drill 
running at 820 revolutions per minute under a large 
stream of oil No other alloy steel drill rtiuld do better 
than 2J00 holes under similar conditions before re 
grinding Huch results are what would he exported 
after a scientific examination of tho properties of alloy 
steels. 

As Profs J O Arnold. CRM, and A A Read, I>Met 
slate In the coarse of their well timed tispcr on Tlie 
Chemical and Mechanical Relations of Iren, Cobalt, and 
Carbon." read at the last meeting of the Institution of 
Mechanical Engineers, sctontldc opinion as expressed by 
Blr Robert Tladfleld, a cobalt ateol pioneer, Is that the 
action of cobalt resembles that of nickel in raising the 
elastic limit and maximum stress of tho material The 
famous Freneh metallurgist, H (lulllet, also found that 
“tha presence of rtihall slowly raises the tensile strength 
and tbe elastic limit, while tho elongation and reduction 
of area are diminished'’ The profmvoris own export 
manta proved that, with equal carbons, the tenacity of 
tha starts, aa measured by the yield potato and maxi 
mam stresses. Increases with the eohalt, while tbe dne 
ditty, as measured by the elongation por cent, corro 
apomUngly tells. 

Cobalt, they And. does not form a deAnlto solid soln 
ttan, or cobalt We of Iron like that formed hy ntekri, 
which, with only 01 per cent of carbon present, regia 
ten a maximum stress of about ninety tons per square 
tech associated with a redaction of area of 4B per cent. 
An alloy containing about IS por cent of nickel and 08 
per cent of carbon la an hard that It la tmpowdhle to 
m ae ht aa It, whereas In a aeries of cobalt steels la which 
tbs carbon ranged from 002 to otjjt per cent and tbe 
sobs It from AT to 900 per cent, all the allot h, without 
any annealing, machined with the greatest esse. 

Site beat treatment of cobalt steel Is simpler than 
that of toy other highspeed tool steal Thus tbe fnrg 
teg of bools Is dam at a yellow brat, and hardening to 
OMeted merely by beating up the tool to a white beat 
and allowing It to coca la tbs open air. doper heating 
to a toning print la entirely annaeemsiry with cobalt 


Mut, tallow, whale or Itaassd oil aoltea lead, petrel- 
atm or water, la not required. By obviating beating 
tetrt to tta Ante* otertttte dear thst grinding 
tostoWB to qmtftnu* redtetsd. 

Tbs Ogrtoont bare recbgalaed the merits of cobalt 
riaslaad to a report fat R a Mtehad by the Mamfamter 
A atete bt lo W to tegiaaen on TPast Bxperimratxl Work 
mJO q ^ IucywkMFretaBchtetelitorefOhar- 
W# to.tot toto^toM that "to* aatow 


followed liy h remarkable luciosso In tbe cutting |*>vm 
bimI durability, without lisriwnlag Uu- purchasing price 
Jlsne Die average market price-,' which to about 3s Od 
per pound 

Ilnw cohnlt steel may be produced, according lo Profs 
Arnold and Read. Is hy melting together In snllahlc 
PKilHH-Hnns Ingots of pure cobalt, Swedish her Iron and 
*>wisllsh while Iron, afterward adding pare mrialllc 
njougancsH and nlumlutum ton minutes before terming 
In limit recent experiments, to which reference has 
nlrtudv been made, the stools were cast Into square 
molds the ingots after*srd bring re-hrnled and hmu 
mcred down Into 1 Inch round bars 

The advent of cobalt as a most valuable engineering 
mnlrtiul affords another example, along with tungsten 
nrnl molybdenum, of the wav In which what may lie 
tenuis! "chemtenl curiosity” metals have como to lie of 
glcal luilUHlrisI Importance 

Until a few years ago cohalt had little use bevond 
forming the bsse of the pigment known as cobalt hlnc 
In fact, as recently as 1912 a standard srientlflc work 
of reference conld only record that “metallic reilialt Is 
not at present used to am extent In Ibc Hrt*, though 
its Utility Is becoming more fully recognised " 

The metal which la similar In prn|s-rites to iron has 
a brilliant silver white appearance wlien polished, ami 
like Iron Is veiv magnetic, bring. In fact, next to Iron 
on the list of magnetic metals It melts at 1 4D0 deg 
t'ent ns cnnitxtred with 1,520 itogrcra for Iron, while 
Its specific gravity of NS Is well above that of Iron 
which Is T8 

Cnnsda Is the world's principal producer of cobalt, 
practically all the cobalt of commeree emanating from 
the neighborhood of the town of Cobalt, which be ritu 
nted In North Ontario rear the shores of Lake Tnmn 
gnmlnquc Tlie deposits, whlrh were only recently dls 
covered, are Immensely rieli slso In silver 

At first the owners of the deposits In Onlnito did not 
trouble much nbonf Ihp colsill, though this often 
amounted to as much ns is per cent of the total and It 
was regarded rather aa a nnlsnnre, as It Interfered 
with the sllvor extnutloo It soon became ohrions 
however, lo Iho ('anudlan Departioent of Mines that 
cobalt had h is*w ccomonle Importance In view of Its 
effnrt on steel The director of Ihp department, I>r 
Kngene Itoanel, therefore had an Invcetigatlon made 
Into the methods for preparing metal lie cnlxilt from the 
oxldo Tbo results of thla Investigation have recently 
been published, the neccwmry researches having been 
made at the Rrhool of Mining In Queens Untvendtv, 
Kingston Ontario, in the course of which considerable 
quantities off pure metal were svttofaetorily produced 
hy one or other of tbe four methods adopted 
pvtabatios or run mktai 

These methods are nil based on the reduction of 
commercial cobslt oxide, the reducing media In the 
four methods being, respectively, carbon, hydrogen gas 
cartwu monoxide gas, and aluminium In the case of 
carbon, wbWt la hrttiod with the cobalt oxide In a 
crucible by electricity, It was found possible with ■ 
small laboratory plant to reduce enough oxide to make 
50 pound* of tho metal In an eight boar day with tbe 
furnace absorbing 12 kilowatts Thus, on a commer 
tlal baste, tbe power charge for effecting this reduction 
would be malL The hydrogen reduction experiments 
consisted In placing an alondtun boat, containing a 
weighed amount of dried cobalt oxide, In an electric 
winter furnace, mnlntmlnlitg Its temperature therein 
constant for n definite length of time, daring which a 
stmm cf hydrogen wm peered through the fumoa. It 
wm found thst tbs reduction to metallic eohalt takes 
pkes very rapidly at all tampantona above 500 to* 
Ctot, tad tbs tetehod to mpectaOy rscnm mended te 


the production of moderate quantities of very pun, 
carbon free cobalt for apectel purpose*. Ju«t sh It has 
been used for the protlnrtlon of metallic Inngsttn 
The carbon monoxide ex|s>rlmcnts differed toil little 
In grntrnl outline from tlie ulsive. except In tlie nature 
of the gas The rrdnrtlon took jilaee very qukkly after 
a ti mperatuie of OIK) deg I cut had hern reached 
When- producer gas Is nvstlnhle It should offer a cheap 
mid rinrimt means of prodnring large quantities of 
pun- melnlllc cobalt from the oxide 
Tlie aluminium method of tolls It pnsliKtloii Is preb 
sldv the most Interesting, but hnnllv tlie eheaiswt 
though It 1s practically eanenllnl wlusi absolutely 
i n i bon Tree metal Is required To effect live desired 
reduction, B to 10 puunite of Anely divided eohalt oxide 
1* mixed with powdered aluminium, and the whole 
Placed In n conical welding furnace or the Thermit tv;ie 
The reaction Is started liv lighting a fuse of Hivcly 
divided aluminium and potesalam chlorate rolled In s 
piece of tissue paper The furnace Arcs with great 
violence slid tbe contents are rained to a white bent 
Tbe aluminium reduces the cobalt oxide nisi oxide of 
alnmtnlum Is formed. One pound of nlnmlntum will 
reduce and melt hi this way two pounds of metallic 
roiiall Therefore there is a charge of shunt IM In Iho 
form of one pound of metallic nlnmlntum for the powei 
needed to reduce and melt two ponnda of mctalllr 
eohalt There might, of course be some return tor the 
fused aluminium oxble resulting from the process but 
oxili allowing for this the costs uro high compared with 
the carbon and carbon mouoxlde methods of reduction, 
lo whlrh reference has already been made 
It Is obvious that the heating costs must be high by 
the aluminium mottosl, for heut Is bring supplied nt a 
temperature greater than 2,100 deg Cent, that to nt n 
temperature tor In excess of what Is required fur tlie 
reduitlun of the oxide and the melting off the metal 
and with consequent attendant Increased losses due to 
inmlurilon and radiation 

Tlie Initiation of these luvrstlgutlons hk well ns the 
thorough manner In which they were isrilid out re 
Acris grout credit on the Cnnndlan IVcpsrlmciit of 
Mine* and It Is to Is- Imped that the enterprise will he 
rewarded by an ever Increasing demand foi n mots I of 
wlilrii the empire appears to posset* unlimited supplies. 
Hud of which the use may he expected to grow rapidly 
now (bat engineers are rcallrlng the value of cobalt 


Measurement of Short Intervals of Time 

In conducting delicate srientlAc Investigations It 1s 
frequently necessary to tie nlilc to measure wry short 
Intervals of time, or to be ublc to break two separate 
electric circuits In succcwdon, tint with a d<finite, pro 
determined Interval of time that esn Is- scitinittlv con 
trailed and reproduccable How tills ran lie done Is ex 
plained by J Coo toon In the Pfcps Rrv, 4 Ser 2, I* 10, 
where he describes a simple apparatus Hint he hns de 
vised The apparatus to based on the principle that If 
s massive weight, tolling freclv under gravity strikes 
s collar on a metal rod which to supported vertically, 
an clastic ware or Impulse travels out along the red In 
each direction from the colter with a Unite velocity If 
tbe Impact takes place at the middle of tho rod, these 
waves will of course, reach the ends of the rod at the 
same time It however, tho point at which the Impact 
occur* be not nt the middle of the rod, the impulses 
will reach tha ends at times that differ hy an Interval 
which will depend on the peth-rtl ff crmccs. In thin way 
cnntroilibte tome Intervals extending over n consider 
abte rang* may he secured, and can easily be measured 
with tha aid of proper apparatus. 
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Gyroscopic Phenomena 

A Popular Presentation of a Perplexing Phenomenon 


This useful uppllcuHoitK of I lie gyroscope have become 
Ml imiiimtiiiik iiikI HO liji|nirliiiil, cK|ni'liilly vvllhln tlu> 
Inst iwn year*. Mini Mi'll liirtirniiil moil and women ure 
Hikin’ fur iiiHi-Irtiinliiil I’Xiiln mi I ItiitM «if g> roumplc 
lllll'llllllll'llll. Till’ following lx HU M llll l> M>M Ilf lilt 1 W'HIII- 
liigly iiiiniiiiiliiiiK Ih'IiiiiIiii- nf llii' g>n imii|H' lulu tlini> 
simple | lii'iiiiini'iiii, hIIIi iiii I'fTiirl In show Hint inch In 



FI*. 1. 


ii |«'rfiftl> iiiiiunil occurrence, In full ikti ml with 
every-day I'MHTli'iiii'. 

Auy rapidly minting Ixidy In ii gyrowi>|N', lint ii well- 
IwIuihiiI ivlui'l iihiiiiiIiiI III glintml rings, hh hIiiiwii III 
Fig. 1. 1» Iwat ildii | It 111 til till' present puriKiM'. The 
muuutliiK permits the uxle In |«lnl III imy dlrwllou mill 
to turn alHiut miy line which imimhch III rough llm center 
uf tlio wheel. When the wheel Ih nut Mplnidng wo truly, 
liy exert I nit n Nllght pressure with the fingers at the 
end of the ax In cause It to mine In VHrlnuM (llrectlonH 
and assume positions hh hIicwh In Fig*. 11 ninl .'I. Nat¬ 
urally the end of the axle tiuiveu lit the direction In 
which we iuihIi It, and It hIkiuM move very easily. for 
the ntiiwraliiH Ih wurlhleHH for ileniuiiHlriillou unless the 
plvnto about which the rings turn am ueurly frle 
Monies*. 

If now the wheel lie iiiuilu to m|iIii rapidly and hii 
effort lie made to move the nxle iih iN-fore the apparatus 
will HCOIU iwrverw. The moat vigorous nwlHlneee will 
he offered to any Httemtit to change I he direction of tho 
axle. If we Htrtko the end of tile axle or the rlntt near 
It with a club or hummer wo may uao force enough to 
damage the mcvtiaiilNni without producing any consid¬ 
erable change In the direction of the uxle. If wo pro¬ 
ceed mere gently and exert a steady prcxHUrc us indi¬ 
cated In Flga. 2 uud 3, motion will occur, hut It will be 
mainly lu a plane at right uuglcH to tluit In which wn 
push. The vigorous resistance nud thin seemingly 
nuomaloiis motion arc the two fin lures uf gyroscopic 
action that piny the Important rules In the useful appli¬ 
cations. We cull them iwningintanco and proccttion. 
The lust of the tlini* pheiionienn mentioned ubovo In the 
vibration or jar that occurs when Ihv eml of tho axle 
or the ring near II Is struck while the wheel Is spin¬ 
ning. This jarring might hccui to arise from tho luck of 
rigidity of llip mounting, uud It Is ludeed very much 
like the vibration of a stiff spring; however, the effect 
Is duo to gyroscopic action iiml Is called nutation. It 
takiv tlie form of a very pmnonuerd wobblu If the end 
of the uxle la) given a quick push when the wheel la 
spinning at a alow rate. 
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By Bert L. Newkirk 

An exsniidc of thu effect of gyro-resistance ami pre- 
cissloii Is shown 111 Fig. 4. The axle Is supported at 
taie eml hiuI Hie weight uf the Issly exerts a force tend¬ 
ing to cliange tlm directlou of the axle, (lyro-runlnt- 
niiee prevents the fall of tin) wheel and frame and the 
pi'cccsHlmml luolion produced by the Hteady fume of 
gravity occur* as Indicated liy the dotted line. 

Tlii' common to|>. Fig. B, offers another good Illustra¬ 
tion or Hie phenomena we arc considering. Thu force 
Ilf gravity, tending to overturn the tu|i. Is opposed by 
tin* gyro-resist uio-i*, nisi I he preclusion ueenrs lu n uuu- 
hlniilly I'liniigliig direction, lull ulwuys ul right angles 
||. Hie direct loti lu which Hie top would fall If It were 
uol s|ilunliig. The cliatlerlng of Llie top when It comes 
Into (induct Willi Hie wall while spinning Is due to 
nutation. 



Fig. S. 


The plH'iiumenn described nbovo arc apiilled In the 
Itrenmiii ussio-nill car. llie gyroscopic compass, a de¬ 
vice to prevent the rolling of ships at sea. and In a 
mimlsT of olher device* thnt play a more or loan promi¬ 
nent |mrt In humnn affairs. Kspectolly worthy of men¬ 
tion, iN'rliuiw, Is Ihe fact that tho dreaded subtnnrlnc 
lortailo owes Its effectiveness In Urge part to its gyro¬ 
scopic steering mechanism. 

I shall now stU'inpt to shuw that tliesc pbonomcna 
nit |s>rfectly natural and fully lu accord with the fads 
of every-day uxiwrlenco. In the Urst place, since the 
pheiHinieiui apts-ur only when the wheel Is spinning, 
we cuueluile Hint the iHirtluu uf Ibc material which la 
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In mtrld motion Is reaponalbla for the observed behavior. 
Necond, since the rapidly moving material la almost en¬ 
tirely in (he rim of the wheel, we look to that for the 
explanation. The force* which we apply at the cod of 
the axle are transmitted by tbe spokee of the rim and 
there meet tho resistance noted and produce tbe preces¬ 
sion and natation. Holding thla fact lo mind, let us 
stand at tbe near end of tbe axle (FI* 1) with our 
eyes near tbe rim and looking toward It Let us for tbe 
moment Imagine tbe rim replaced by a aeries of sepa¬ 
rate bodies flying past our vision like bullets from a 
machine gun, eech constrained to more in a deodar 
putb by a wire sttacbed to acme point below. 

Now suppose that each of thsss ballet* ware struck 
a blow in the direction of the Hue of risk* aa It imams 
tbe eyes. Tbs effect wonM be simply to Meat tbs 
■tnui tUgbUy. Ike ballstx, ght n dn * off, «nu mm- 


tlnno to more In circular ihiIIis as before, but lu a 
slightly different plane. If the Hirlos of blows ahnnld 
cense as noon iih well of the bullets Iiml received one 
blow, then the whole series would be revolving In a 
plane slightly different from that lu which they niuvvd 
originally. Ue|«ited series of blows would result III 
ciirres|KiiHlUig rliHOges of tin* pliine of unit lull. This I* 



Fig. 5. 


reiilly precession. A lifting force, for crumple, exerted 
ti|Hin llie eml uf un nxle of a spinning wheel Is otrrksl 
by the stsikus to the |mrtlcles of llie rim und uets uinsi 
lliem ns the scrim of blows uets uiktu our stream of 
bullets. lu Irntb eases the result Is a change lu tbe 
plane of rota I Ion. The Itullels, tlmagh struck repeat- 
nil,v lu the dln-cllon Imllrated by tlm arrow, return 
always utter completing u revolution to the |Milnt at 
which they were struck. Thus, the stream does not 
yield lu the direction of thu blows. Just ns the axle 
hcciuh not In yield In tho direction lu which It la pushed. 
The resistance la gyro-resistance In both ciihos and the 
gyro-reslatniK.il seeu frutu thla point of view to only uu 
example of tho familiar resistance of streams of larti- 
clos (water, for example) to any deflecting force. If a 
stream uf water issuing from a nuxxlo under a high 
land he struck with a club, tho clul) will rebound os 
though the stream were solid, (gee Figs, fl ami 7.) 

I have devised a simple apitaralus to Illustrate those 
effects. On account of the mechanical difficulty uf caus¬ 
ing a stream of bullets attached by wires to it central 
point lo revolve rapidly without confusion. 1 have re 
duccd Iho number to two and mounted them w u lo 
lailuneo each other and upon a universal Joint so that 
limy mny revolve In uny plane (Fig. 8). if tbeae he set 
Into rapid revolution in any plane and u heavy block 
of wood be bold so that they will strike It a glancing 
blow as they pass a certain point In their path the re¬ 
sult will be a gradual ahlftlng of the plane of revolu¬ 
tion. as explained above. Tho resistance which tbe 
revolving masses offer to the foree exerted by tbe per¬ 
son holding the block Illustrates tbe gyro-reatotauce. 

We bavo dtoregardud the rigidity of the rim. In think¬ 
ing of It as a stream of ballets. Due to this rigidity, 
the lifting force Impressed upon tho end of the axle to 
not all Imparted to tho particles of the rim sa they pas* 
the highest point of tho path, Irat It to exertod upon 
them continuously. The result to, however, processional 
motion In either rasa The rate of preoasslon produced 
by a given foree at the end of the axle of a wheel Is 
tbe same us would be produced by aa equivalent series 
of blows acting upon the rim or upon a stream of sepa¬ 
rate bulla* of the same aggregate maw. 

The nutatlonal vibration or wobbling to a direct con¬ 
sequence of tho rigidity of the wheel. For reasons to 
be explained below, the spinning wheel and axle do 
yield slightly to a force applied at tbs end of the axle. 
This yielding to the ltniunaaed force la called the dip. 
Fur example. If the rapidly spinning wheel of Fig. 4 to 
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Plaesd open t be stand with the axle bortaontal, and 
ntaaaad, the wheel and frame will dip slightly Into the 
poattlon shown In the figure end preen* au that the 
aale deacrlbea the irarfam of n oone of large angle. The 
lhnatration very much exaggerates the amount of the 
dipt which I* oaualUr ao mluutu aa to eecape notice. 
When a wheel b iplnnlng rapidly In glmbai mounting 
(Big. H nny force oxertnd to cltmigc the direction of 
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the axle will produce a alight dip In addition to the 
prenaalon. This yielding or dip la very ranch like the 
yielding of a spring when strened. If tho wheel Is 
spinning very rairtdly It yields like a stiff Hiring, lint 
If the spin lx slow the yield b like that of a week 
spring. The amount of ibe dip b very nearly propor¬ 
tional to the force applied. 

The nutation b simply a tluctnatlon of the dip. When 
a load Is sudiltmly (Implied upon or Imng from a spring 
there follows an oscillation, which dies out gradually. 
In n olowly analagons munner a force suddenly aifiilled 
to tho end of the uxle iiroduces a dip of fluctuating 
uiHgiiltuilc, the oscillations gradually dying out. ns In 
the case of the elaslle vibrations. If the force ls> grant, or 
If the wheel ls> spinning slowly, Ibeeo nutntlomil vibra¬ 
tions nre conspicuously evident In the form of n wobble 
of the wheel, but more frequently they ara lintlceuhlc 
only ns n rattle or jar which disappears vvllliln n fnir 
Him of a second. The ticlual motion Is a eouililnallon 
of the nutation with the precession. The wobble of a 
spent top Is of this sort. A lienvy tomseope inislel In 
glinhal mounting will show It to advantage If Hie wheel 
lie made to spin slowly nnd u weight ls> attached sud¬ 
denly to one end of the axle. 

Ia>t us uow Inquire Into the reason for the dip. If 
Hip rim were CiJUilUMfd of sejiarale sections like Ibe 
series of bullets eonsldered ulsive, each would Itnep 
strictly to Its |Uth until It rvnrhcd Ibe lop, whim a 
shurii blow wonhl prislnee a sudden dollcetlim; lint the 
wheel being In fact ipille rigid, It Is ns though the sin¬ 
gle sharp blow which struck the bullet nt one |s>lnt In Its 
l«th were replaced by a multitude of minute blows ralissl 
upun It during the whole course of n revolution. Con¬ 
sider u suinll section of the rim ns It moves from A to 
II, Fig. I). Tho upward force a prilled at Uto end of the 


axle begins at A, let ns say, to produce a deflection, 
oud continues lo exert such an lnduencu as the section 
moveo forward, so that by the lime 1L reaches II It b 
somewhat to the left of the position It would have occu¬ 
pied if the force were not acllug. Tho whole dremn- 
fereuee being tieied u|sm In an analagons manner, the 
result Is a slight tipping nr yielding of tho whole wheel 
to Die force nppllisl ill Ihe end of the axle. 
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The three fiinilauieiiliil plienoinetin of gj msenple ne- 
Hi.ii. ninuely. gyro resistiiuee. pnss-sslnu, and mitallnn, 
appear therefore ns |s-rris-H.t mil urn I rrnils llionmgfaly 
In Iins.nl with (sniiiiiini e\|M>rleiuv ns wmu as we l.sik 
In the rim of the whirl as the dominant |inrt of tho 
iius-IiiiiiIhiii mill reineiiils-r that It Is In mplil inoHoii. The 
precession Is a fsintliiiioiiN delhrthiii or "glais-lng nff” 
of the |sirltries <sini|Hisliig the ring, the gyro-resistance 
K tho reslstnnre always encouiilertsl when a rapidly 
litmlug body Is turned out of Its course, anil the nuta- 
Hoti Is the vibration which results from a blow or 
pressure suddenly a milled In u yielding tssly. 


Color Photo jraphy 

Whims progress is hning mailn In till) technique of the 
produnthm of oolorad photographs, tho reproduntion of 
photographs In natural nolors, In tho slrint sense of tlui 
phrase, does not appear to advanoc. Yet the program 
aehlovud in eolor photography must not tie under-rated. 
Disoouning on "Color Photography,” in two lectures 
delivered at the Royal Institution at mount meetings, 
Prof. W. J. Pope, F.R.H.. of Cambridge, was ahlo 
to exhibit many beautiful sponlmnns, and lo point out 
that tho art Is rendering valuable assistance to anlunoe. 
Dr. Pope confined himself to tho general features of thn 
problems, without entering into tho ohrmistry oT the 
pronesscs and the Intricacies of the tonhnique. Tho 
problem of photography in natural colors presents itself 
under two aspects, that of tho artist in hlanlc and white, 
and that of the color artist. With regard to tho latter 
aspect, Prof. Pope poiutud out, tho difficulty was that the 
eolor appreciation of tho oyo differed from that of the 
photographic plate. Tho sensitiveness curve of thu oye 
had a high peak in llie yellow, and did not extend beyond 
thn violet.; the sonBllivunuss of the photographic plate 
Was almost outside tho range of the visual spectrum, and 
did not raonh the yellow at oil. Thus on a black-and- 
white photograph of daffodils the deep orange-yellow 
of the heart of the flower came out almost block, while 
the polo yellow of tho petals appeared nearly while. 
Forty years ago Vogel had shown how tho addition of 
oartaln ooloring matters (sensitisers) to the emulsion of 
Aver salts would render tho plate more ortho-ehromatin, 
and Abney and others had carried those studies furtlier - 
so far, indeed, I'rohably. as wo could go in this direction. 
The sensitiveness curve of tho panchrumatie photo¬ 
graphic plate now nearly embraced that of the human eye, 
but the peaks of the mirvos did not ooineide; there was 
too much Mon Intensity in the phntographin image. To 
correct thb defect, Kdcr had interposed a yellow screen 
In front of the lens, which stopisxl the blue rays, and, with 
the aid of panchromatic plates and of nolor-fllters, the 
effects-of nolors could now he reproduced in monochrome 
with rair fidelity. 

The fouddattenupon which thn reproduction was based 
hod been given by Clerk in the Royal Institu¬ 

tion in 1801, though Maxwell’s results, obtained so long 
before the days of ortbo-ohromatin plates, were poor. 
The principle was tho three-color theory of Young- 
Helm bolt*. Tho light bad to he spilt up into Its parts; 
each part had to he photographed separately, through 
seresns of blue-violet, green, and rod, and the positives 
had to. be superposed. When light was sent (in the 
demonstration) through screens of there colors, sad throe 
disks in these colors projected, the overlapping three 
colors gave white, while the overtopping red and green 
gave yellow, the Nun-violet and rid together gore pink, 
and tke btoe-violet and green gave a sky-blue; there 
v«*s additive eolar efleets. But when light we* sent 
thKHgch disks Of glass stained with there latter eom- 
phmeatary colors, or when disks were painted in the 
tnitifil^nnisrr ootosa, so as partly to overlap again, tbs 
, OfM abiorS togsfher gave blank, the sky-blue ud yellow 
■;^ t ^ap_,hha ptak and akjrtlua (dm btao-riolet, ud 


the yellow and pink gave rod; those were "subtractive 1 ’ 
effects. White light sent through transparent screens 
of the colors in the last instance would, of course, appear 
in the complementary nolors, and tho black spot would 
shut out all the light and would, therefore, apixiar white 
on tho negative. To work on this principle complicated 
cameras provided with three lenses were not needed; 
a plate was exposed behind each of the filters in a camera, 
as it would indeed bo dlffloul to use nnc oamora with 
throe lenses, since tho three negatives would not he taken 
(mm exactly the same spot, and would not quite coincide, 
therefore. Transparencies from tho throe negatives 
were illuminated by their own oolors (i. ©., tho photo¬ 
graph taken through a red screen was illuminated by the 
light through Ilia same rod scroon) and superposed. But 
when prints made from these negatives wore to 1st super¬ 
posed they had first to bo oolorad In the complementary 

Tho Du 11 auron, Ives, Bangor-Shophord, and other 
processes wore l«sod upon this principle; they gave 
excellent results, but the superposition required very 
great care, lienee other processes had lieen tried. 

Nearly 20 years sgo ITof. Joly, of Dublin, introduced 
a new method. He ruled a glass plate with a series of 
parallel lines, red, green, and blue, repeating tho colors 
in tho some sequence all over the plate or screen, which 
was then divided Into fine stripes of colors. This screen 
was put in front of the plate when the photograph was 
taken, and whon tho contact transparency from the 
negative was examined through a screen in comple¬ 
mentary nolors, the colors came ont very well, especially 
the whites; tho greens were less satisfactory. ()u the 
original plates of Joly, exhihilod by Dr. Pope, the greens 
were had; but with modern screens, which were ruled 
in very fine lines and fitted with means for securing an 
excellent register, artistic effects were mail ted. The 
horixontal or vertical stripes were raintiy visible, however, 
in the magnified projected lantern images, unless the 
focussing was intentionally spoiled lo a slight extent. 
The stripes could successfully be replaced b.v squares in 
the throe colors; but the exact registering remained a 
difficulty. 

The autoohrome process disposed of this difficulty. 
In three the screen wo* permanently attached to the 
photographic panchromatic film, ami remained in con¬ 
tact with it all through tho photographic process. For 
the strips or square* or regular geometrical patterns of 
tho former proeresos, grains grains, dyed in the 
three oolors, wore substituted. The grains, dyed red, 
grewn, and biuo-violet, and jiroporly mixed, were uni¬ 
formly distributed over tho glass plate, rolled into some 
adhesive substance, dried, snd then coated with the 
photographio film. The plate consisted of very small 
patches of red, green, and blue. The plate Itself looked 
whitish; the magnified projection showed the adored 
patches In irregukt arrangement. On exposure, light 
would pas* through the glass front, through the standi 
graint os to the sensitised film. Only red light would 
pare through a red groin, the other Ught being stopped. 
Stiver would therefore be deposited under the red patch, 
WTr tytdbvg to a red got in the object, and the spot 


would appear dark ami opaque after development. 
When this negative was held up lo the light, little color 
would he visible, because the rays would now he stopped 
by the dc|SMitcd silver; Ibis silver had hence to lie re¬ 
moved and reversal rffeelcd. The negative would then 
lie cx|sx«x! to light to produce a positive, which was again 
dovekqiul, ami the color showisl clearly after tho second 
development. Each photograph gav H only ono print, 
however. Photographs of flowers, scenery, portraits 
in gay nolors, reproductions of classical pictures, ole., 
wen< exhibited to hIiiiW the licautiful effects realisable 
h> tills process. On the white |iarls of the images some 
colorwl spots could generally 1st distinguished by elnse 
examination, even in the not-magniflisl mirror images of 
tronspareneics. On the ot her hand, the gloss of the hair 
and the iridescence nf butterfly wings were reproduced 
with remarkable fidelity, though the iridescence might 
not emanate rrom Ihe sanie H|xit in the original (iluivn 
by the awl of an cpidiaacnis') and the photographs, since 
the angles nf the incidence of light were not the same. 
Prof. Po|m* draw pnrliculnr attention lo his photographs, 
obtained by the varinuN processes alluded to, of patho¬ 
logical ohjccls and of microscopic sections of rocks and 
iirvHlals taken between lucol prisms in polarized light. 
TliaL the colors of tile stainisl pathological preparations 
wen' not always quite faithful did not mutter so much, 
because the chief |siint was, of course, to bring out and 
to fix for future nwixaminalum all the details revealed 
by the niieroseo|>e. The amazing complexity or mnks, 
like granite, dolcrilo, etc., was fully brought out hy 
polarized light ill nil Its bnllianey of colors. 

leaving leclinical details to some future oeeosion, 
I’rof. I’epe menlioncd in his conclusion the attempts 
made to do wilhimt. colnnsl screens of any kind. l*mf. 
Wisid had obtained some success with grnlingii. When 
the (lilTractinn s|MTlnini of a grating was looked at in a 
particular direction, some particular color was scon, 
which dc|u>nilisl iqioii the incidence and on the fineness 
of the ruling. When 1 line pictures wen- taken through 
gratings of three different dcgris-s nr fineness of ruling, 
colored photographs could Is- obtained; they were not 
suited for projection by the lantern, but only for indi¬ 
vidual examination. This uicllioil might lie perfected. 

A further development ill photographic color pris'csses 
was exhibited ut the Itovnl I’lmtogmphie Society on 
Tuesday last. It is known ns the Kmlnriirome process, 
and eonsisls in making two negatives of n subject through 
ns] and gns>n light fillers; the plates, after development, 
are Ideachisl and stained, the one with a nsl dye, and Ihe 
other with a gnwn color. The plates thus obtained are 
damped together and viowist as a transparency, very 
beautiful nsnilt* bring obtained,— Rnguurrwg, 

Benxolc is very extensively used as fuel for the motor 
transiHirta of the Herman iirnty, and Immense quanti¬ 
ties are nspilnsl. It Is rejwrtcd thst tho Aiwoelstlon 
of Herman Hcnxole Munufsctnrers of Ilndmni has cuu- 
trocted with thn government for the whole of Ita re¬ 
quirements. In the Dortmund district It Is Mid the 
coke ovens urn still producing 0,400 tons ot heuiole u 
■until. 
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- « ttfliM* o( otrnntk* and tbrir oaeU- 

Wjltir W» racmstad hy tl w photographic darlo* <to 
mMimS akora Ooapartaff tbs graphs amt obtained, 
ml oaMrattafc, potat by point, cnrm having for 
Uprlmi and ordinates tha naalta MumC from the 
■o v e n l e of the two peaAUuaa, a com wee obtained 
«Uoh npMNWte the dtoptaconwete which would act¬ 
ually occur la the end of a plumb line voder the 
effect c£ the luataotar attraction*. Tbla curve waa 
aonatraoted Air each day. and the remit* were grouped 
to period* of ninety days to give trtmoothly mean*. 

By tMa means It waa poealUe to observe the existence 
of a deflection of the vertical In the direct loo of the 
me ri d i a n amw mt l n g to ooe-flve hundredth of a Mental 
of arc. Moreover the trlmoothly meatu efaowed the 
amplitude of the vacillation to bo only half ■» great 
In Winter ne In Bummer. Thu* we are clearly con¬ 
fronted with thermal effects, the canau of wtak-b la, 
as fo r e me n, the superficial beating of the ground by 
the rays of the ami. The effects of such dilutatimi 
mask completely those of the lunlsolar all motion upon 

It hi a been possible, however, to find otoervntloual 
evidence of tba latter, by taklug account of au essen¬ 
tial fact The period of thermal action Is twaity-fnnr 
boon, or dismal, while that of the a tit net I vr notion 
Of tba son Is twelve hours, or aemldlnmal. Tbla fol¬ 
lows from the fact that the solar attraction In exer¬ 
cised In tbs same mauner when the nun occitplca either 
of two ayu>metrical positions with reapect to a given 
diameter of the earth, and tbla occurs twice In twenty- 
fonr boors. By combining, two by two, flic vainer 
of the deflections for each hour, and taking half the 
anm and half the difference of each pair, we obtain 
the desired remit; for. In tbe half-mini, tlie tliermal 
effect la naturally ellmliiateil, alucn It hi equal but 
of appealte sign tor the two hours In question, while 
tbe attractive effect renialna unaffected. On tlie other 
tuind, the thermal effect Is given by the hnlNllfferetuv, 
while tbe attractive affect dlanppear*. In nnuimthig 
the Inuar action, the set hi ration of the two effneta la 
erfiler, owing te the difference of period; the lunar 
period Is 34 bouts HO minutes, fin cnuiimrnl with tbe 
24-honr period of the sun which gives the thermal 
effect 

One cannot but be struck by tbe similarity of "ob¬ 
served" curves to those calculated by (InIMot. There 
to, however, n slight difference between the two aorta 
af curves. The observed turves have a "mailer ampli¬ 
tude than the theoretical curves, and this diminution 
of amplitude Is about half aa great In the direction of 
the meridian aa In that of the parallel. The clcsied 
loop seen In tbe eurves corresponding to high northern 
declination of the moon Is due to the fact that the 
lunar tidal wave haa two dally maxima; these maxima 


are equal If the Boon Uas la tba plane of the equator, 
aneqoal If U lies north or south of U; and tbe further 
our MteUlte Hue from tbe equatorial plane, the mure 
pronounced Is tbe inequality. 

The ooodoalou In be deduced from these admirable 
experiments Is quite definite: Our earth, considered 
aa a whole, puss eas e s a certain elasticity, of the same 
order of magnitude aa that of steel; I. a, as to the 
deformation* It undergoes, tbe globe behaves nearly 
tbe same as would a globe of steel of tbe same 
dimension*. It I* most Interesting to Hud that a con¬ 
sideration of tlw module tides, the migrations of tlw 
terrestrial poles, and tlw processional and untnllounl 
uioveuwuU of tbe earth all lead ua to assign to tlw 
globe a Heneral elasticity of about the same onler. 
This Is n remarkable conAnnatlon of tbe early Ideas 
of lainl Kelvin. 

The study of selsuile phenomena loads ua to an un- 
nlngou* conclusion, Tlie original shocks which give 
rutu to eartliquiikcH are, Indeed, transmitted la two 
different ways; via. through tlw crust, and through 
tlw terrestrial spheroid as a whole. Tlw propagation 
through the crust takes |dniw lit various speeds accord¬ 
ing to the nature of the material, and ranges betscen 
IBO and HU) meters per MH-ond. The Intler *|*-ed Is 
tt-hlnin exceeded. 1L I* three uiuveiuent* In the crust 
that enusu tlie folds awl crevasse* often observed afler 
seismic phenomena of great Intensity. Oil tlw oiIht 
baud, tlw pru|ingstlon of the same sliucks through the 
glclw as a whole takes place umch more rapidly. Wtou 
a strong eartlnpiake occurs at any lwlut on tlw eaitii, 
lie most renwte aelsmologlcal olwcrvulorles—distant, 
for example, 0,000 to 8,000 klhanotcrs from tlw epi¬ 
center—are no titled of It wlthlu a few minutes by the 
illsturlsince of ttolr sebunograplis. Comparing tlw time 
of aacli reglstrntlou with tlw actual lime of oci-ur- 
nw at tlw point of origin, ami taking an-uunt of 
the distance, we llnd that tlw pro|iagatluu of the shiM-k 
through the mirth takes place- at a speed of 10 kllie 
meters per second; 1. c„ alwut Mg) times tlw s|*vcd of 
an express train. 

After the Unit registration, It I* foam! that, at tls- 
end of some minutes, the selsmograplis Iwgln to Is) 
disturbed and to register again. If, as In tbe previous 
enre. we compare tlw lime of this second registration 
with that at which tlw |iheuonieuon really occurred, 
wc flml tlist thaw new seismic wnves have Imvelcd 
with a *|*wd which I*. In thl* cn*c, not 10 but ti 
kilometer* |ier seeunda; I. ft, half thn Rpeod of the 
fonnar iwrles. Now the watlieniathul tlieory nr elns- 
tIcily fumlsla-* « remarkiililo clwck on these otiscmi- 
llon*. This tls-ory. wllk'b, It should be rcinemtoicd. 
Is based on laboratory ex|*Tlmenta, tends* ns that 
If a sudden shock occurs at any point In an elastic 
splwre It will be trananiltted to tin* wlsile mnss In 


tbe form of were*. Moreover, tbe abock givte rise to 
two distinct series of wave*, of which one series la 
transmitted at twice tlw speed of tlie otlwr. 

This la exactly wbut our oheervutlnni allow In tbe 
case or seismic abock* transmitted through the ter¬ 
restrial glolw as a wlsile. Moreover, If we Introduce 
Into our formula for elnstIHty tlw data of solsnsilog- 
Ui*l obeervnthuis, the unknown quantity being the gen¬ 
eral elasticity of the enrth, we fliul for Hie latter * 
nnmcrlcul value of tlw sanw order of mugidtude ns 
that of steel. Here wo linvn a inngulHivnt couflnna- 
tlini nf tlw theory of elasticity, mid nil ndnilrahlo 


dlstuiwc from the surface i 
Isssi led to nsslgii to tlw enn 
mss of from l» tu TO klh 
dretltli purl of tlw radius < 


density of which cm 
ih-nslly of tlw surfiui 
nlsiut 2Xi, In onler 


of the earth. Hclow till* 
-rials I Is- n-liillvely high 
les for tls- relatively low 
, with n N|ss-lth- density of 
lie general density of lin¬ 


ing from fusion Willi Die elnsllelly or the ghilm, which 
wo linvo fomul In Is- cmnimriihle to that of steel? 
it Is only msvssnry, as l.npimn-ul has pnlnteri out, 

rlnla constituting tls- core of tin- earth an- subjected. 
If the earth were entirely <inii|«asst of wnlor Its- 
pressure nt tin- renter would Is- more limn duo,not) 
nlnuMqilienw. As Its density Is !>'/, Union that of 
vutiT, tlw pressnn- nl llw center must Is* more tlinn 
:t,(MM),(im) ntinosplicres. Now we cannot, from our Inh- 
mnlory exia-rlmrtifs, tta- most during of which linvo 


Crap Enfjncerimj Water Purification 

Wc bear so much of tho work of mechanical and elec¬ 
trical engineers In connection with the war that that of 
civil engineers does not always receive Uie appreciation 
It dose nr*". 

Tot, where would our breve troop* be, at home and 
abroad. If they wore deprived of the results of Un¬ 
skilled efforts made on their behalf hy untiring enjrf- 
toera to Insure that their camp* are well placed and 
are sanitary; their water supplies good (If not always 
as ample os might be desired); and their cotnmunlca- 
tkm*—In the shape of roads and hrldgee-properly 
maintained) % 

large number* of highly-trained municipal, civil, and 
other engineers have gone to the front, or to tbe many 
camps up and down tbe country, there to give of the 
beet of their technical knowledge and experience. In 
order that this may help to make tbe life of their com- 
radsn to aims safer, pleasanter, and more comfortable 
In every way. 

How ear soldier* are provided Ip certain cases with 
saltsbl* supplies of drinking water la.m Intewatlng god 
Important consideration. If t town ftpply to available 
the probtem Is, of course, t simple one, It merely bring 
aaosseary to My ptpo* of adequate section after making 
- eutft hy McterMogtcal examination, that the quality of 
the intended supply It above suspicion. Very frequently, 
however, a camp hag to depend foe Its water sapply on 
h river or a Igks. In such a cage the oonetruetlon of 
fitter* la a first P ec v w st t y. Tor (hi* purpoto barrel* 
fitted with filtering media are often eraptarfid. Over the 
hattom of one of a pair of barrel*, cooneeted et their 
\£lj»totet tevri hy * Aon pM of pipe, a perforated motel 
7 pta#.fc'figet find raetfmf «»thta, la evenly mmced layer* 
aw etora the otter. te dteMeal,toa*ite rand, and gravel, 
" •' 'the wnfittaced water betas poured or 

' 'pUjfiwfi «•' to the ratfiM* Of the tatter, which la a foot 
;V ;i # A to"h#uir^'*dg* «< to* berreL -'After pareol* Hag 
- - Wiiiiwimififiira teftera the water, now et w ridwa Hy 
thetowratto* t*to too* 


Hucccidrely layer* of con rue sand, charcoal, and gravel, 
from the latter of which It emerges freo from all mnl- 
ter la suspenulon, and ready In be drawn off at the lop 
of the barrel fur drinking or culinary purjioHeK. it In 
UMHumcd, of courts), that tho water did not originally 
contain »ny dlseaue gerrnft which, naturally, eauimt lie 
removed hy nitration, though Hubm-quent Milling Is gen¬ 
erally efficacious sh a geruilchlul proeeMH. 

In camp the issdlhm nf the Huifltlle* nf water for men 
nud home* 1 h nHiwlly lislleatcd by colored flug*; IIiiim, 
white mean* drinking water for men, and blue for 
homes, while doubtful water (suitable |ierliN[i* fur 
waxhlng ponswe*) l« marked green, red liullaillng |*il- 
luted water. 

The locality of a camp la a matter for tlie Ueneral 
Staff to decide, but In cbomdng It* exact imnltlon the 
engineer might well bo cousulted. He euuld Imlleate, 
with bU knowledge of subsoil*, the drlpst spot In the 
vicinity that was available. He would ahto see that tbe 
mechanical transport vehicles were parked In a* good 
a place as could lie found, and were not allotted Home 
oul-of-tbe-way marshy field, where there would he con¬ 
stant trouble occasioned at starting, and hy the sinking 
In of vehicle*, flood road* are * uecrwlty to any camp, 
and here we may say wbat a Maim has In-on the parti 
ol northern France and Belgium. In lime* of peace 
power-driven vehicle* avoid I hew- paved read*, with 
their abockligly uneven Surface* like tbe iflagne, all 
read map* marking yocfl very clearly, so that It can 
easily I*) avoided. But to winter warfare these paved 
read*, built on tbla system from time Immemorial, are 
a boon; for though they do have a decidedly tod effect, 
owing to tbrir Irregular contour, on the machinery of 
tbe heavy vehicles using them they enable progress to 
te made, whereas, but for them, transit would have to 
to conducted through a quagmire. This la often tbe 
case even now on reads leading up to the front end to 
large ramps and stews depots, for the peed la unally 
only wide woogk for oh vehicle, hence when troops or 
vehicle* oomltg In en oppnrit* direction an passed tbe 
saps rad ride of the read has to to need—often with 


Electrification of Water by Spindling and 
Spraying 


I* dtelllcd water, anil two nictlindH nre ilo-v-rlls-d fur 
breaking It up In contact nllli (lie air. (II by splnalilng 
against on nlrblast, Cil b> H|irn)lug. In the drat 
methisl dn»iw nre allowed to fall Into u strong horl- 
sonliil air current Kuril drop In Nbattered by tin- hliiNt 
Into a immlier of varying rise, mid u rough xorllng mil 
Is effect«I mn the liIggiT ilroiw are carried furl her iinIiIc 
hy the bind. Tlie drop* chleflv used lire Ihc line one* 
which enter a measuring vcn-m-1 placed dln-elly under 
the drows-r, »h these are folrly nnlform In due. Varln- 
tlona In slxe can to nhlalned by nltering Hie height nf 
Hie dropper or the Htrength of tlie nlr-hhixl. In the *ec- 
oiul met hid an ordinary went *pniy In lined to form Die 
drops. MeeNiireinentH are mmle of the charge carried 
In the receiving vessel, the volume nf wider, and Ihc 
number nf dropo which enter It (giving Hie mean hIxc 
nf the drops). It Is found that the charge, ft |s-r cen- 
1111^01' of water lnereti*e« wllh a ileenwne III the r.i- 
rtlus r of the dnqi U - - k/t when- k b* n coiiNtiinl. This 
result Is explNlmd Nhnply. mi Ihc iiNNiuniitlon (lint the 
ebnrge on the water In proimrtlonnl to Hu- urea of new 
water surface created when the ili-ups nre furnad. Both 
methods give good agreement In tin- vhIiii- of the eon- 
slant, The air drawn from Ihe sprayer was ovnmlned 
to find hi>w tbe negative charge In parried and II was 
found that the air contained n number of Iouh of Isitli 
signs (excess of negative), ranging to mobility from tin- 
large Ion found hy Langevln in the ordinary nlnn*t- 
phertc Ion. It 1* probable Hint ihe oxresa of negative 
charge to the air Is present mainly as small Iona. 





































































I N lift ml mart defense and artillery ope ration* sev 
aral type* of explosive shells an used the thief ones 
an the armor piercing abella made to pierce armor 
{data before exploding, abell exploded by mean« of a 
timing fate, abella exploded by either a timing or per 
coaalon fuse, and abella exploded by percoaalon only 
Hacb different abell baa acme definite function to fulfil 
and la dsHgued fur that purpose tor field or artillery 
operations, the shrapnel and lyddite are the two prln 
cl pad types used Of three shrapnel la the most promt 
Dent, because of its enormous destructive power and lta 
Interesting mechanical construction 
The shrapnel shell waa Invented In 1784 by Uent 
Haniy Shrapnel, and waa adopted by the British go>v 
anuaent In 1808 As la shown at A In Fig. 2, the first 
fth»n waa spherical In shape and the powder or explo¬ 
sive chart* was mixed wltb the ballet* Although this 
type of abell waa an Improvement over the grape and 
canister prsvtouely used, its action waa not si together 
satisfactory, aa the shell, on bursting, projected the 
bullets In all directions, and there was also a liability 
of prams tars explosion In order to overcome the ds 
foots mentioned. OoL Boxer (R A) separated the bul 
lets from the bursting charge by a sheet Iron diaphragm 
as shown at ff In Fig S. This shall was oalled a die 
pUagm shall to differentiate It from the first shell of 
this tjpa 

If the shall mado by OoL Boxer, the lead bullets were 
bardsoed by the addition of antimony and aa the burst 
tog charge was small, tbs Ml waa weakened by cat 
ting four grooves attending beat the fuss bole to the 
qogoalto side of t$a shsLL BbsUs of spbarieal shape 
Sm tag find ott o< plain bond guns, and upon the 
Orest of the rifled gun It wm b i b s — it to add a dr- 
eslar base, which was tsado of wood and cowed with 
Aast trim or stoat to taka tbs rifling groom Tbs first 
' *ArtUk sac tSSSSm ngai da wd by mart m at fo 


shrapnel Hhells weft. made of cast Iron but a later dt 
velopmont was to uso toughened steel and elongate the 
Ixirtj rod Doing It In diameter 1 he diameter of the bol 
It H was also reduced so that a greater number con HI 
Ik contained In a slightly smaller spare Ihe Improved 
shrapnel ess also callable of Mug mire accurately 
directed 

Hhropnel shells as used at the present time by the 
different governments vary slightly In construction and 
geueral contour aa well as In the constituents entering 
Into their different members As shown In Fig 1 a 
completed shrapnel comprises a brass case carrying a 
detonating primer and the explosive charge for propel 
ling the projectile out of the bore of the gun The pro 
Jectile Itself compriaes a forged shell that carries the 
lead ballets and bursting charge Screwed Into the 
front end la the combination timing and percussion fuse 
which can be set so as to explode the shell at any de¬ 
sired point and from which the dame for exploding the 
bursting charge Is conveyed through a powder timing 
train and a tube filled with powder pellets down through 
the diaphragm to the powder pocket 

Of three members of a shrapnel the shell and timing 
fuse present the most Interesting features from a me¬ 
chanical standpoint Tbs shell used by most govern 
ments Is nude from a forging, machined to the desired 
dlmcMkas In band and semi automatic turret lathes as 
well as lb ordinary engine lathis. The fuss a complete 
description of which will be given later Is an extremely 
accurst* piece of mechanism and U la largely Produced 
from screw machine parts, some of which however ere 
forged previous to me chining The braee cartridge case 
—the next member of Importance—la drawn up from a 
brass blank by soMMdre operation* In drawing prews 
and U todsetsd and beaded Following this, several 
mftrt-foiBg operettas on the bead and primer pocket 




hh the high explosive Tho common shell Is a base 
(harped shrapnel fitted with a combination fuse 
win roes til) high explosive shell Is fitted with a crmbl 
natl ii fuse and lu addlth u with a high explosive head 
the luail also bursting and filing Into atoms ujion lm 
I uct I he high explosive shill Is not ruptured u|s>n the 
explosion of the bursting (barge In the base but the 
bial Is forced ont and the bullets are shot otil < f the 
rose with an Increased velocity In tbe meantime the 
bead continues Id Its flight *nd detonates on Impact 
Ibis lype of shell Is not used quite us extensively as 
the common shrapnel and for simplicity of description 
the comm m sbrepni 1 shell alone will be taken np In the 
follow lug 

Kefi icure to Fig 1 will show that ns for ns tbe ton 
sirvKtini if tbe shrapnel shell and case Is concerned 
there Is vnv little difference in those emploied by the 
vart ius governments Starting with the esse It will be 
seen I bul Hum an almost Identical except fer length 
and tlie Hirungimeut of the bead for carrying tbe de 
tainting primer lbere Is a marked similarity In this 
respect between the Knmlan British and German and 
between the American and trench The form of the 
explosive charge held in the brew case differs In almost 
every instance but wltbont any excel)I>n smokeless 
powder la some form or other Is used In the American 
shell nltro-cellnlosc powder composed of multi perfo 
rated cylindrical grains each OJS Inch long and 0190 
Inch diameter are used In the Russian case smoke 
less powder of crystalline structure Is used In the 
t.irman smokeless (nltro-cellnlosi 1 powder to long 
sticks and arranged in bundles Is held in the case The 
trench use stick smokeless powder ft millimeter 
(0 0190 inch) thick by 1209 millimeters (ft Inch) wide 
Two lengths or row* of this powder are arranged In the 
case The British ust a smokalsai powder of crystal 
line structure somewhat similar to the Russia□ but la 












the ili-ti>imlli k ugi 11 H nr l rimtr held tu the head of 
tin film wirlin In iliu Ml him l}|« of shrnpml I'ruc 
lltsllt all |uinn in an I roil ltd wllli huMv 1m*w1n m> 
that I hi xhtupml ran In liiimllml without iliingir if 
linnuilnn ixpliwloii I In nlijiil i T court* of I hr di to 
luting ugint >r prlnur Ih l> send olf I ho ixphwlie 
rhaiio hi the shill f r pn pilling the thrapiul out of 
thi fl Id Kim 

I In slnll ItM if us preilousl) imntloncd la made 
■ IItu r fi mi a firming or from Imr stock I oiglng* 
hi art 11 r an usisl to a Rnater ixtinf than bar Htock 
bom list tin forged alii II la more burnout uooua In tta 
slru Inn Ilian (In Imr Mtmk ahill anil pl|4ug n atrl 
laiN lijis tli ii III 11 m Ian Nti i k elMlI—la entlnly illm 
llUltlll 

1 la sh< lls iimsI by tbi Urltlnli Rnmlan und (airman 
gmirnmmts nre maili alraiMt ixilusiielv from font 
Ii gs whereas those must b> I hi Iremh and \oh rkwn 
arc made both from furfcluui ami bar Block When the 
I rtncta abell Is made from har stock an attxUlary baae 
la amwed In lo eliminate any danger of pi ping Near 
tbo I a at »f all shtlla Is a troon In which a bronie or 
coppi r Iib ml la Indranlltally ahrank Thla la afterward 
machined In the desired chape and taken the rifling 
Knot in In the gun an aa to it talc the shell wheat It la 
Mine • ttaII il 1 lit body of Ihc ahill limit la sllghUy 
atnalli r than ItM lion In the gnn and Uie rifling hand, 
of court* la largi r and la imaprcaard Into the rilUng 
gromCH iIiiin rotating the projectile and keeping It In 
a at night ling latirally during flight lbe bunting 
charge which In practically all caaea la common buck 
powdi r la carried In the baae of lbe abell and U nan 
ally Incloood In a tin cap located above thla la the 
dlaiiliragm which la used for carrying the lead ballet* 


Mg 1 —Typct of ihrapael abell need by various nation*. 

i lit of the ahrll when the bunding charge explode* and alt 
dlatributea them In a fan dupe In moat abells upon tb 

exploding the now blown out, at ripping the thread! til 

that hold the memliem ligrther It will thenfon be to 

min that In the expiration Ihc entire fuse ftwo banc wt 

tube diaphragm and bullets ate all ejcctid tlie abell po 

Itself acting ua a aecondury cnnnnn In tbi air mi 

7 he range of a .1 Inch shrapnel shell la about 6000 sb 
vnrds, and the muuh velocity of the quick firing field ae 

gun ranges from 1 700 on the American to 1Odd feet 
|n r Hccond on tin Kamduc rhe duration of flight po 

nun.es from .1 to 2(1 Hecmids When the ballets are of 

blown ont of lbe abell by the bunting charge they are of 

given an Increased vihslly of from 230 to 800 feet per ell 
attend The velocity of the ohrapoel at 8.500 yard* U TI 
about 724 feet per second lbe number of lead ballet* fu 
carried In thi I Inch shrapnel abell* range* from 210 to to 
■Ml In all caaea tbo lead ballet* are about 14 Inch in <h 
diameter weigh approximately 167 grains and are kept to 
from moving In the shell by resin or other smoke- ex 
producing matrix bv 

The matrix pat In with the lead ballets, In addition pr 
to keeping them from rattling la alao used as a tracer on 
It la of Importance In firing ihrapael that the pniHnn fr 
of the explosion be [da Inly sew WUh Urge sheUa tide *b 
Is not (Umoult bat with shrapnel for field pm at kmc tb 
range certain conditions of the atmMghere make U tb 
dlmoult to see whan the shell actually burst*. Various 
mlxlnres are used to orercome this difficulty In soma Aa 
caaea fine grained black powder la o mnp eeinra In with n 
the bullets In order to give the desired efflwfc la the th 
Oi rmsn sbrepoel a mixture of red smrphooa pane- e« 
pbona and flna grataed powder which pmtotaa > d«Hfl tfl 
white (flood of ■noke to need, and to the Roaatan, a m 
mixture of magnerinm antimony snlpUds to nmA, fa 
The first foam used to laid i—n<Hia ware short df 
Iron or dapper trim flitod with a tiow herein* eaag» A 


sltlon These were screwed Into a fuse hole provided hi 
the shell, but thi re was no mssns for regulating the 
time of burning later- shout the end of the seven 
ttenth century—the fuse case was made of paper or 
wood »o that by drilling ■ hole through Into the com¬ 
position the fuse could lie made to born tor approxi¬ 
mately the desired length of time before exploding the 
shell or the fuse could be cut to the correct length to 
accomplish the same purpose 
For a considerable Ume all attempts to prod nee a 
porcumlou fuse were nnsucecastol Upon the dtooovary 
of fulminate of mercury In J7M, the chief reqatament 
of a pereosaion torn was obtained. About fifty years 
elapsed, however before a satisfactory (an was madt 
The fint percussion fuss was known an tbs Fethwui 
toon and comprised a roughtmd ball oovsred with de¬ 
tonating composition that waa released upon the dta- 
(hsiga of the gnn Wben/the toeU Mt the desired ob¬ 
ject, the ball street against the toner wan* et the fine, 
exploded the compos it io n and powder char* tftWa 
bunting the abeU. There ere at the pnnant time titoto 
Priori P«1 types of toe* to nee- Firm, three dag Midlag 
on gaa pressure to the gw Petting ttejtftot e* the tm 
frete-fhk to a b|Ma fuse, tattpd, those reiytog m pm 
abode at discharge or the rotation of the aheU to git 
the pellet fr ee n eed In note and best taa«i third, 


th* combination ttmtag and. n t ro an ri t w tone of the htoh- 
eaUortro tyite n— on toghta^tata w to to ga ti . Thee* 
typaa of toow are pgata mb d l ijtad. tatiadgta (hfi 
MWWufeMttaMtom. The mind n—w tm totita^, 

Of tho AmVtohM jgV^thMytalta^ 
aiahinimit fwani totegf the rrentia xva 
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FI*. 5.—Fre»th type of combination 


Fig. I.—American type of confined timing and 
| WWI— faae wed on akrmpael ahdU. 


of the double Hog of composition shown at A nod B In 
Fig. Slato giro a greater length of compoxUlua and 


banked fuses on the same principle hare 
but at tbs present time hare not been Introduced. 

The manner In which the combination timing and per- 
euarion fuse Is regulated to discharge the bursting 
charge la the ahrapnel shell la Interesting and Involves 
extremal; difficult mathematical calculations. Before 
going Into the method of netting the fuse. It would prob¬ 
ably ha advisable to daacrlbe briefly just bow the fuse 
opera tea. Aa an example of the double-hanked fnse, 
Fig. .1 shows | 


along Ibe upper train A In ■ coun¬ 
terclockwise direction until the vent 
H Is reached. It then passes down 
to the beginning of the timing trnln 
and burns back In a clockwise di¬ 
rection to tbo position of vent 1, 
from which It la transmitted by lbo 
pellet of cumprawed powder In this 
vent to the powder nuigaxlue J. It should ls> under 
stood that the annular grooves In the lower face o 
each timing Iraln do not form complete circles, n soil) 
portion being left between the grooves In the ends o 
each. This solid portion is used to obtain a setting a 
which the fuse cannot be exploded and Is kuown us tin 
“safety point" As sbown In Fig. 0, It Is marked « in 
the adjustable timing ring. 

Tbo timing fuse showu In Fig. .1 la of the combine 
tlou timing and percussion type, and lr Ibe wire foil: 
lu release percussion plunger G In Fig. :t, tile shell li 







Fig. 4.—Russian type of combination timing nod 


Fig- 1—Original Ml Mgiri by Lieut Henry 
Shrapnel and CeL Bexar’s Improvement 

The (allowing description applies to this type of fuse. 

Assume grit, that the timing ring la set at aero. The 
propelling force given to the ahrapnel aboil In leaving 
the bore of the gun la such as to sever the wire 0 from 
pi anger G. Plunger O carries a eoncosalon primer 
which la discharged by hitting Urine pin D. The flame 
pamaa opt through vent M, Igniting the powder pellet F 
•ltd the (typer end o| train A, and then through the 
Teat JT. From hero, tba flame la transmitted to the 
tower timing ring B, through vent / and the magaalne J, 


la 'tba garni of the ahrapnel eball. 

Ateome any other setting, aay Ifi seeooda The vent 
H la now changed ta ponMce with respect to vent B 
Sptag ta the upp« timing train, aod the vwt I lead- 
tagto the pewdar magaalne J la also changed. The 
■ through Cent B and bnma 


exploded by means of a percussion fuse which Conies 
Into use when the shell strikes. The percussive moob- 
aulom consists of a primer K held to an Inverted posi- 
tlon In the center of the fuse body by n cup Iwwled lie- 
neath the percussive primer. I’orcnssloii plunger L 
works In a recess to the base of the fuse body and Is 
kept at the bottom of the recess away from contact with 
the primer by a light spring In plunger M. The firing 
pin V la mounted on a fnlcrumcd pin. and Is normally 
kept to the vertical position by menus of two side spring 
plungers. When the shell strikes, the Unpact caosei tbo 
plungar to snap up against the primer after compressing 
the spring to pin U. This causes the firing of the 
primer K and the explosive charge passes out through 
a hole In the percussion plunger chamber, not shown, 
to the magaalne J and from there down to the powder 
to the base of the shelL 


The Kusslan ruse showu In Fig. 4 differs only In a 
few minor details from the American fuse the chief 
difference being In the nrrnngenicnt of the percussive 
mechanism. The percussive plunger for the timing ar¬ 
rangement Is kept up Trout the firing plu by means of 
n spring bushing K surrounding tbo body of the plun¬ 
ger. This bushing Is eipsnded by the plunger wblcb Is 
fnreed through It due to tint force of the shrapnel In 
leaving the bore of the gun. The spring H In the head 
of tbo fuse umbos Ibe plunger lu i>x|miiuIUik bushing K 
and 111 ilraiipliig down onto the filing pin V. The llniue 
from the exploded primer Ihcn travels down til the pnw- 
■ler la tlic slinll lu prmilcally the sume way that It does 
In the American fuse, except that tho iiiiignxliic cham¬ 
ber Is located at !> and explodes through Hie Impact 
fiiso chamber. The percussive nrrungimonl for Hotting 
tlie sholl off by Impact la slightly different from Hint In 
Lhe American fuse, 111 Ibut Ihn primer nisi firing pill Hro 
held apart by means of springs, the Inertia uf which Is 
overcome when the shell strikes an object. 

With tho exception of u few minor details, Ibe liming 
fuses used to American, llusslan. British, Herman, Jap¬ 
anese, etc., shrapnel shells nro the same The French 
timing fuse, however, ns shown by lhe diagram Fig. ft, 
operates on an entirely different principle. Ill (Ills fuse 
the firing for tile liming Iraln Is emilnlned III u sealed 
tube of pure Un und Is wound spirally urouud tbo head 
of the fuse. Inside of I lie lieud Is the Ignition arrange¬ 
ment. To Met Hie liming part of tills fuse, It Is placed 
In a fuse-selling machine atlaehed to lhe field gun, aial 
by forcing down a handle on this device, a literates 
point la thrust through the outer cap of Die fuse, |s*ne- 
trsting to the Interior space of tin- bead as shown at A. 
Upon tho discharge uf Ibe shell from Hie gun, tbc gas 
pressure forces firing pill It track, billing Urn percussive 
primer 0. This enuB0H.it fiame which jsihhch out through 
the opening previously punched ill 4 and Ignites I be 
“rape" powder fusr which Is wound around the bead of 
tbc fuse Iwdy. This type of fuse Is olso provided with 
n fuse which sets off the shell by impact should the tim¬ 
ing fuse fall to work. Tbo head of the (use Is covered 
with a cap with botes for the piercing imtot, and the 
whole cap can be shifted around for a short distance 
and set by the corrector scale marked on the body, ns 
shown In Fig. 1. A projection on the trap engages a 
recess In tbo fuse-setting machine and provides for this 
movement, the machine previously being set to puucb 
the bole. 

The accuracy with which a shrapnel can be exploded 
In the air at any desired point Is remarkable, consider¬ 
ing the number of variable quantUie* that enter lute 
’ Hie timing fuse ami isiwiler train. 
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ale. Tlio calcnlaliotw necessary for flailing the correct 
netting on the liming ring In voire the turn of higher 
mathematics nmJ hit consequently not within the scope 
of thl> article- in the following, however, will be given 
a brief explanation of how a fuae la Met to explode the 
abrapnel at a certain predetermined point 
Referring to Fig. 8, the timing ring uaed on the 
American flue la shown, Here It will be seen that the 
ring la provided with twenty-one gradnatlona corre¬ 
sponding to twenty-one seconds in the duration of flight 
of the projectile. It will also be noticed that the spoe- 
Ing of the graduations differs. For Instance, B to aero, 
or safety to aero, occupies 28 degrees This, aa previ¬ 
ously mentioned, la required so that the ungrooved sur- 
fures of the timing rings can be swung around far 
enough to bring them In line with the venta for firing. 
From aero to 1 la greater than from 1 to 2. The reason 
for this la also In the relation of Urn venta. from 3 to 


4 will be seen another variation. This taka* Into con¬ 
sideration tho positions of the lower timing train and 
the trajectory of the flying missile. From 8 seconds 
around to 18 Is practically a constant drop, taking Into 
consideration the decrease of velocity, and from 18 on, 
the graduations begin to Increase for two reasons; tbs 
decrease In the velocity of the missile and the action of 
gravity. 

Diagram Fig. T shows In an Interesting manner Jut 
bow a shrapnel Is fired. The range Is approximately 
obtained by panoramic sights or other means, and a 
teat shell fired, the point of explosion noted and the 
necessary corrections made. A table which has been 
worked out for different distanced 1a then used. In 
Fig. 7 the diagram shown pertains to the American 
quick-firing field gun haring a in male velocity of 1,700 
feet per second and the American shrapnel of 8-inch 
slse. It will be noted that at 3,000 yards the tarmlnal 


velocity of the shrapnel la 1,088 taut par seco n d and the 
time of night for the projectile 415 seconds. In other 
words, the tinting train to explode the shrapnel at this 
point would bs set at A in Fig. 6. The rants off t 
8-lneb American abrapnel la WOO yards and at this 
point tbs tarmlnal velocity Is approximately 7*4 fast 
per second, the time of flight 21.92 seconds. The shrap¬ 
nel, when exploded, shoots out the bullets at an in¬ 
creased velocity of from 200 to 300 feat per second, 
corering an area of about 250 by 10 yards, half the 
bullet* falling on the first 00 yards of the beaten aura 
In manufacturing shrapnel sheila a last shall la taken 
from every 120 and to actually fired out of a qutok- 
flring gun Into e unit of send. If the oontour of the 
shell In the neighborhood of the powder pocket to ex¬ 
panded during this teat the dull to beeawe 

of the liability of tearing out the rifling groove* la the 


gun. 


Star Cluster* 

Ov am, tlio teleenopio object* in Die sky none are 
more beautiful or more fascinating than the condensed 
globular star clusters. Their bewildering complexity 
renders them unsuitable for direct study at the tefeeoope, 
but photography has now brought them within the range 
of systematic investigation. The toehnioal problem 
whleh they present is liy no means easy, and demands 
high resolving power for sunoons. 

Considerable attention was given to the star dusters 
by Sir John Ilorschel, whoso attempts to dsplot them by 
hand met naturally with small suooess. Certain ourious 
irregularities which he believed to exist in the distribu¬ 
tion of the stars may bo attributed to a purely subjeotive 
origin, or they may be accounted for by the absorptive 
influence of external dark nebulous masses. No great 
importance is now attached to them, and In tho main the 
stars may be considered as distributed with radial sym¬ 
metry. Hut one curious feature noticed by Sir John 
llorochd has been confirmed by later study. The 
stars In a cluster tend to divide into two classes of magni¬ 
tude, a brighter and a fainter, separated by a distinct 
interval. Can this be a visible division of stars pre¬ 
sumably at the same dialanoe and of nearly equal age 
into the two classes of giant and dwarf stars Inferred 
by Herlzsprung and H. N. RussellT 

About 20 years sgu Prof. S. I. Bailey, at that time 
at Arequlpa, devoted considerable study to photographs 
of the chief globular eluaturs His work proceeded on 
two lines. On one hand he made systems tic counts 
of the stars recorded, thus laying the foundation for 
statistical Investigation* of their arrangement in space. 
And on the other he investigated the magnitudes of the 
stars, and was thus led to the remarkable discovery that 
several clusters contain a high proportion of variable 
stars, a ratio of 1 to 7 in the uxtruuc case of M3. Hin 
detailed results for the clusters u Centaur! and M3 liavo 
been published in two beautiful memoirs. The type 
of variation is of a distinct character, though a few Iso¬ 
lated examples have been found elsewhere In the sky, 
with a period of about 12 hours and a rapid rise to 
maximum. In the earn of M3 the variation is singularly 
true to one type, the range between maximum and 
minimum being two photographic magnitudes. Some 
clusters, notably M13, are almost entirely devoid of 
such variables; where they do occur they are apparently 
confined to the stars of the brighter order of magnitude. 

Tbo question of the distribution of stars In clusters was 
discussed by Prof. K. C. Picketing. Using counts on 
the clusters w Ccnteuri. 47 Tuoanas and M13 (Heruulia), 
lie formed lha Important conclusions: (1) that the law 
of distribution Is essentially the same for different dusters, 
(2) that the bright start and the faint stars of a duster 
obey the same law. He represented graphically the 
curve of apparent (projected) density for different 
distances from the center, and attempted without 
success to reproduce it by aiumming laws of the form 1 
-r> and (1—r)* for the density in spaoe. The latter 
rurw was also tested by Mr. W. E. Plummer with much 
the same result on an extensive series of measures of 
the stars in M13. 

The next important contribution to the subject is 
due to H. v. Ztipol, who measured the positions of the 
stara m M3 (Can. Ven.). By adapting the solution of 
a certain integral equation studied by Abel he showed 
how the law of distribution in space may be deduoad 
numerically from the observed distribution as it to 
seen in projection. later he oompared the law of denrity 
in space arrived at In this way with that whleh obtains 
in a gravitating spherioal mass of gas in isothermal 
equilibrium. The result represents the density of the 
cluster satisfactorily near the center, but In the outer 
regions the cluster is lew dense than the theory re qui res. 

The physlaal conception thus introduced suggested 
other possibilities. A sphere of gas in adiabatio, instead 
of isothermal, equilibrium might be ehown as the Stamf¬ 
ord of comparison. A series of stats* extol*, depending 
on the constant ratio T of the specific hsata of the gas, 


which have been extensively studied by Lord Kelvin 
and others. Emden's "Gaakugeln” Is a work dealing 
exhaustively with the subject. In general, the law 
of density cannot bo expressed in finite Until. But 
them are exceptions! esses in which the differential 
equation possums a very simple solution. One of 
these, discovered by Bohuiter, corresponds to the value 
7" 1.2. Here the law expressing the density at the 
diilsnoe r from the center takas the form; 


3o*N/4x(a*+r'*/a 


where N is the total mass or number of stars. This Is 
finite, although the distribution extends to infinity. If 
a finite boundary be expected it Is Impossible to fix one 
by the oounta, and attempts to do so have been proved 
illusory by the ooourrenoe of characteristic variable stars 
beyond the supposed limit. However this may be, a 
comparison of the law with Bailey’s counts of the w 
Centauri duster showed immediately an agreement 
within the limits within whioh radial symmetry is ob¬ 
served. I next oompared the tow with Pickering’s 
curve of the projected densities, based oa the clusters « 
Centauri, M13 and 47 Tuuanm (bright and faint start 
treated separately). The accordance was again ex¬ 
cellent, and left little doubt that the law repr es e nted much 
more than a mere formula of interpolation. Whan, 
however, v. Zeipel's counts of M3 wore examined, the 
outer region was found to conform with the law, while 
the Inner revealed a higher density than was to be ex- 
pooled. As. v. Steipel had, on the other hand, aueoeeded 
In representing the central distribution by the isothermal 
law, it iu suggested that the true standard of compari¬ 
son was a central isothermal ooro surrounded by an 
adiabatic envelope, a composite state of equilibrium 
actually contemplated by writers in the thermodynamics 
of the subject. Afterwards, by the use of similar 
methods. Prof. Btrftmgren proved that M6 (Serpentis) 
poeseesee a structure whioh, whatever the cause, is 
identical with that of M3. V. Zeipel remarked that the 
excessive central condensation was more marked among 
the bright than among the faint stars. 

The problem has again been disoueaed by v. Zeipel 
in an elaborate memoir, using in this instance oounta 
of the liars in M2 (Aquarti), M3, MIS and MIS (Fegaii). 
Hb first finds solutions corresponding to these values of T : 

(M2) 1200, (M3) 1.1S0, (M13) 1.183, (MIS) 1.179 

Thus M2 oonformi with the same simple law, which I 
had found to hold so perfectly for si Centauri. On the 
other hand, M3 is sgain seen to depart from it, and even 
with the new value of 7 the representation to far from 
good. The law of density here contemplated is a solu¬ 
tion of the equation: 


and ■atikflW a physical condition in bring regular at the 
ecu tar. The general eolation, however, possesses a 
Angularity at this point, and oontalna an additional 
arbitrary constant. Thus the particular law given 
above to only a special ease of the genera! solution for 
7-13, whioh, as v. Zeipel shows, can be expre sss d in 
rihptic functions. Accordingly, be abando n s tits central 
condition, and Introduces the additions! constant whioh 
Is to be determined, together with 7, for each oaae. With 
this modification of the theory the values of 7 became: 

(M2) 1.194, (M3) 1.198, (MIS) 1.208, (MU) 1.197, 
so that within the limit* of uncertainty in every oeee 
the distribution of star* is consistent with a solution of 
the above differential equation when 7 is sreipni the 
value 12. 

The analogy between the distribution of star* In a oon- 
densed duster and the density In a spherical mast of gaa 
of a particular type In adiabatic equilibrium thus seems 
to be fairly established. Even if It be supposed that the 
duster tribe outsom* of aa original nebula the question 
Hill remains why the distribution of mattsr should pSTrist 
long after Its condition has completely changed, or why 
the arrangement should resemble what might bs «- 
period of oertoto vapors (a.g.,chloroform). Thssasww 


given by v. Zeipel on the basis of a strict mathematical 
analysts is that this to in conformity with a kinetic 
theory whioh applies to an aggregate containing a high 
proportion of Keplerlnn binaries. This may be a bold 
application of th* law of large numbers, but It Is certainly 
an interesting conception. Since there to every reason 
to believe that all short period variable* are binary 
systems the observed occurrences of these In clusters 
lends support to the view, though they oan only represent 
the exceptionally close systems. The Investigations 
here described refer exclusively to the highly eondensed 
dusters. But there exist also dusters showing states 
of concentration In varying degree until probably all 
visible traoe of organic connection is lost. In BtrOm- 
gren's view the whole series represents an order of 
evolution by which the dense clusters grow out of more 
scattered forms. Whether the results will throw light 
on the wider problems of the structure of the sideral 
universe aoema doubtful in view of oertaln conclusions 
drawn by Poincari, Jeans and Eddington as to the 
relevance of the kinetic theory. But taken by them- 
selves they present questions of the highest Interest 
whioh are likely to repay further study.—H. C. Plummis 

id Nature. 

Fixation of Atmospheric Nitrogen 

Exfuumxkt* have been conducted by I. A. Stabler 
end J. J. Elbert, >■ reported In the Bar. Deal. Oham. 
«m, 46, p. 2080, far obtaining boron nitride; and aa 
most naturally occurring compounds of boron are com¬ 
bined with oxygen, the first step was to ascertain the 
best method! for their reduction, followed by the com¬ 
bination of the boron obtained with nitrogen. The re¬ 
duction of boron trlorWo by carbon bsgins to take place 
at 1200 degrees; in the pre s e nc e of nitrogen, calcium 
borate (borocalclte) undergoes reduction at 1280 de¬ 
grees, reaction probably taking place according to the 
equation; OaB.0, + 80 + 8N, — 4BN + OaGN, + 700. 

Tbe electrolysis of molten borax gave yields of boron 
t n the extent of 12.1 per cent Carbon electrodes were 
first used. But they broke off repeatedly at tbe surface 
of the ftudon; iron electrodes lasted longer, but they 
also broke off after a time. Attempts to reduo* boron 
Irioxlde by means of calcium carbide at 1,820 degrees 
made it probable that the product of reaction waa cal¬ 
cium boride, which baa previously been prepared by 
Moles* 11. 

Before carrying ont further experiments on tbe pro¬ 
duction of boron nitride it was necessary to determine 
Its stability; it was found that decomposition with evo¬ 
lution of nitrogen only aapimsnced to take place at 2,400 
degrees; this tampers tors of decomposition bolds only 
in tbe preaeoo* of carbon, sines tha boron nitride was 

Tbe next experiments wan confined to mlxtnre* of 
carbon with either bona trloxidsoe boroct latte. There 

of nitrogen tinder different'pressures, a special electrical 
furnace having been constructed in which reaction* 
could be carried out at press u re* up to 000 kilogramme* 
per square osnttmster, and at temperature* up to M00 
degrees. With mixture* of boroo trtoxid* Slid carts* and 
nitrogen at itmomherto pramnra, th^bret yield, 15-28 
*er cent of boron nitride, to obtained betwaaa UBX de¬ 
gree* and 1,700 degrees. With tncresstng pramnra tha 
yield Increases, more tban 86 per cant of boron Mtrid* 
beta* obtained at a pressor* «( TO kflagrammau gar 
square centimeter sad a temperature of 1,600 dag. Whan 
tbe boroo trioxide to npiaoad by bcrwsatdta, a nearly 
theoretics! yield of boroo ultrbto, aooordiogtc th* aqoe- 
Uoc^girs^ sboT O s ^ ot tataa d^Wban th* tot ipuratira 1* 

grass to 15 minutesI'taeranmtaiwmSa^^ 
has no start on tbs ytaM. At normal prt maria tbs 
amount of nitrogen absorbed gar gramma of bre e a 1*. 
mw* greater with beroeakite than with boM* tri- 
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The Chemical Industries of Germany—I* 

An Historical Review of Processes and Conditions 

By Prof. Percy F. Frankland, F.R.S. 


It u remarkable that the Royal Houn of Prussia hu 
during many oenturlee been associated in one wny or 
nnother with ohemloal enterprises of various kinds. 
Thai already the aeoond ruler of the country, the Mnrk- 
graf John (1608-1019) wee actually surnamod "the 
Alohemkt" In oonecquence of the seal with whloh dur¬ 
ing many yean he punued hi* investigation* on the 
tranimutatlon of metale, while a number of his suo- 
eMSon exhibited great internet in the same problem— 
the manufacture of gold—which has never failed to 
fascinate the needy prinooe—and what princes are not 
needyf—of all ages and all nations. 

The Great Elector (1040-1088), who did so muoh to 
advance the power of Prussia, was a patron of ohamla- 
try, whloh was just than beginning to emerge, as an 
experimental science from the obscurantism of sin homy. 
He provided the celebrated Kunkol with a laboratory 
and glass furnaces on an island in Us park at Potsdam, 
and it waa there then in 1078 Kunkel made the discovery 
of ruby glass, produced by moans of traces of gold, and 
which (s still an unsurpassed method of coloring glare 
for ornamental purposes. Kunkel also rediscovered 
phosphorus, which has previously, In 1069, been obtained 
by tbe alchemist Brand of Hamburg, who had quite 
accidentally produced it in the course of his attempts to 
extract the Philosopher's Stone out of urine. 

But while the discovery of yellow phosphorus is thus 
of German origin, its production on an industrial scale 
was, until twenty yearn ago, only carried on in England 
and France. In 1802, the manufacture of phosphorus liy 
oleolrotherniio means was introduced Into Germany by 
the Chem. Fab. Griosholm-Elektron at Frankfort. 1 
Red phosphorus was discovered by Sehrttter, an Aus¬ 
trian chemist, in 1848, and was adapted for safety- 
matohos by the German BOttger In the same year. Ills 
invention was first taken up In Bwcden, and was not 
adopted until ton years later In Germany. 

lire match industry has aaumod its largest dimen¬ 
sions in Germany. Thus the Gorman annual production 
in 1912 was *23,000,000.■ The value of all matches 
(British and foreign) consumed in Great Britain in 
1910 ia estimated at *0,408,760—about nine matches per 
day per head. Mown. BryMt and May’s (by far tire 
largest English concern) turned out 1,152,000,000 boxes 
in 1007. This represents about one half the British out¬ 
put. In 1907 the total value of British production was 
*3,875,000, of which *380,000 worth was exported. 1 
The British export of matches is diminishing. It is 
worthy of note that Japan in 1901 exported matches to 
the value of *6,000,000. 


Another great German industry owes its origin to 
alchemistio studies made by BOttoher In the reign fol¬ 
lowing that of the great Klootnr, namely, that of Fred¬ 
erick III. (1688-1713), first King of Prussia. Having 
s uooeeded in making gold before witnesses, BOttoher 
was seised by order of the Elector of Saxony and was 
"Interned" at Dresden, whore, although he did not suo- 
cead In m.lring the mudwiadred gold, he founded along 
with the physicist Tsohimhaus, the oolebrated Dresden 
poroeUin industry. 

The astute Frederick the Great (1740-1780) was 
aaxkras to mMufaoture the Dreeden ware at Berlin and 
to this end commissioned his oourt apothecary. Johann 
Heinrich Pott, to institute inventions. These at¬ 
tempt* were, howevre, aU unsuowrful. 

The great Frederick placed muoh faith in secret 
agonta and it means of eplas that he succeeded 

In disco wing tflPeaonts of the .Dreeden poreelain 
manufacture, for at Ms instigalkm m enterprising 

-s.-t bearing the name of Gotxkowtld, with the 

of a Saxon workman, brought the secrets of 
‘the Dresden process to Berlin and established a porce¬ 
lain factory in the Lriprigwr 8*asaa,J»M° l1 


Bat Frederick later stopped the pecuniary assistance 
with which the factory had Men subeldiied, and Gote- 
howeU was (breed to nB the eooeern of Frederick for 
-boat fiWU Mfl, end so was e et eb U e hed the celebrated 
Bsvttn RoyelPranelaln ftwy, anumg the product. 
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of which are the well-known crudblos and evaporating 
basins. The flourishing state of the German poreelain 
and pottery manufacture is attested by the fact that 
during the past twenty-five years tho number of works 
has increased from 228 to 369, and tho number of 
workpeople employed from 37,000 to 06,000. In 1012 
tho German export of ohina, earthen and stoneware 
ware valued at upwards of $17,600,000. 

Even still more important is Germany's glam manu¬ 
facture, for which she has long been pre-eminent. The 
annual export In recent years hu been over *35,000,000. 

CTANIDa INDUSTRY. 

In the early eighteenth oentury an accidental discovery 
was made by Dirabach, a Berlin color-maker, which 
hu proved of great industrial importance. Dice bach 
wu preparing what is known u Florentine lake, a red 
pigment obtained by precipitating a solution oontaining 
oocMneal extract and an iron salt with caustic potash. 
It so happened, however, that the potash uBed by Dieo- 
haoh had Ixien in nontmot with Ixme-nil containing some 
cyanide, and the result wu that, instead of the result 
ho anticipated, a magnificent blue ooloring matter wu 
obtained. This substance, which is still known u Ber¬ 
lin or PnuriM blue, wu the first cyanogen compound 
to be discovered. 

The cyanogen compounds liave played a most conspic¬ 
uous part in the development of organic chemistry, 
and every source of cyanogen hu been exploited for 
obtaining them. In rooont yoars tho domand hu In¬ 
creased enormously owing to tho employment of sodium 
and potassium cyanides in tbe extraction of gold. To 
moot this demand a number of synthetical methods fur 
their preparation have Ison super-added. 

Germany's annual production of cyanides is estimated 
at 10,000 tons, valued at *3,250,000. or about half of 
the world’s production. 

Birr-suoAn INDUSTRY. 

Another industry also had its beginnings in tbe 
eighteenth oentury during the reign of the Great Fred¬ 
erick, and wu the outcome of the laborious researches 
of Marggraf (born in Berlin In 1700, and a pupil of 
Stahl) on the occurrence of sugar in tho vegetable king¬ 
dom. Of tho numerous plants Investigated from this 
point of view lie found that tho beetroot (Btla su Igarin) 
contained tho largest proportion of saccharine material 
and that tho rwoet-tasting substance wu identical with 
that prcaont in tho tropical sugar oane (Saccharum a/- 
ficinarum). 

It wu not, however, until some fifty yoars later tlial 
the observations of Marggraf hsl to the tint beet-sugar 
factory in the hmmls of Frans Kart Arc hard, who wu 
subsidised in this vonture by the Prussian King, Fred¬ 
erick William III. (rri|m 1779-1840), who wu also the 
founder of the University of HerUn. 1 

Tho beet-sugar industry had to oontond with stren¬ 
uous competition by the cane-sugar manufacturers. 
Tho Industry wu, however, greatly promoted when, In 
1806, Napoleon issued his famous edict dosing the 
European ports to British goods. The vast extent of 
this industry can be gathered from the following figures: 

Total sugar crop for 1912-13: Cane sugar, 9,211,756 
tons; beet sugar, European (one third German), 8,310,- 
000 ton*; boot sugar, United States, 024,004 tons; total, 
18,146,819 tons. 

The sugar industry should give us food for serious 
reflection when we consider tbe following facts: United 
Kingdom spends annually *115,000,000 on 1,700,000 tons 
Imported sugar. Germany produces 1180,000,000 worth 
of beet sugar on 1,300,000 seres. Franco produces 
106,000,000 on 470,000 acres; all continental oountries 
together produce *680,000,000 on 6,000,000 ones. 1 In 
the United Kingdom there is only one small experi¬ 
mental beet-sugar factory in existence. The beet-sugar 
industry is of particular Interest In connection with the 
preaent European crisis, inasmuch sa it Is a most not¬ 
able example of an industry which largely owes its tuo- 
cessful inception to a state of war whloh disturbed the 
previously established order of things in the matter of 
sugar supply. 

In this country (Great Britain) agriculture is wall 

* Tbers via no Unhrendty In Berlin until INTO, but ths foBowtng 




known to be productive of a conservative frame of mind, 
but that it is not so in Germany is well illustrated by 
the extraordinary progress which has been made in the 
cultivation of the sugar beet under the guidance of sys¬ 
tematic scientific research. Thus, in 1840, 100 kilo¬ 
grammes of beet gave 6.0 kilogramme* of sugar; in i860, 
7.3; in 1870, 8.4; in 1890, 12.6; and in 1010, 16.8. In 
1871 the mean production of heel per hectare* wu 246 
quintals,' and in 1910, 300 quintals. In 1867 the con¬ 
sumption of coal for 100 kilogrammes of licet wu 35 kilo¬ 
grammes; In 1877, 24; in 1890, 10, and in 1900, 7. Fur¬ 
ther economy in cool has Ixmn affected liy means of the 
Kostoner concentrator. 1 

SULPHURIC ACID, SODA AND HLKACHlNfl l>OWDKH 

Sulphuric arid wu discovered by the German al¬ 
chemist Basil Valentine in the fifteenth century. The 
production of this fundamental acid, however, on any 
considerable scale took its origin in Birmingham, where 
Dr. Roebuck in 1746 introduced the classical leaden 
ohambur promos. At the beginning of the nineteenth 
oentury it boenme an industry or groat importance, mere 
especially in England, because of this arid bring re¬ 
quired for the manufacture of carl innate of soda by 
the Le Blanc process. 

The manufacture of la Blanc soda wu taken up in 
England in 1814, especially in connection with snap- 
making, and it wu in England that this manufacture 
assumed tho largest proportions. The enormous ad¬ 
vances nude in this manufacture during the put cen¬ 
tury may lie gathered from tho fact that the price of 
carbonate of soda in 1818 wu about (211) )>or ton, while 
to-day it is only about one tenth of that amount. One 
of the determining factors whieh made England the 
principal boms of soda manufacture wu the great de¬ 
velopment of the English ootton industry during tho 
nineteenth century. 

During a large part of the last century England manu¬ 
factured In Blanc soda, sulphuric acid and bleaching 
powder* for most of tho world. But during tho latter 
half of the century the rival ammonia soda process made 
its appearance. The original discovery of the reaction 
on which it depends-it wu first patented in England 
by Dyar anil Hemming in 1838—Is ascribed <o several 
different juinsms, but tbe process wu first made an in¬ 
dustrial success In Belgium by M. Ernest Kolvay. The 
Unuillet works were founded with a capital of about 
*30,000 in 1863; the numerous affiliated works are now 
to be found in Belgium, England (Brunner, Mnnd and 
Company), Germany, France, Italy, Hpaln, Austria- 
Hungary, Russia and North America. They omploy 
35,000 persons. During tho fifty years tho price of soda 
had been reduced from *80 to *20 per ton. The displace¬ 
ment of Lo Blanc soda by ammonia-stela involved the 
introduction of now methods of chlorine manufacture. 
After numerous almrtive attempts in various diroetiuni, 
the successful production of olnotrolytin chlorine hu 
been achieved, and about half of tho bleaching powder 
iu the world is now made by this moans. 

Electrolytic chlorine is now often converted into 
liquid chlorine (12 cents a kilogramme), of which large 
quantities are used at Htasefurth for the annual prepara¬ 
tion of 5(10,000 kilogrammes of bromide, and the Badisohe 
Aniline und Soda Fahrik used in 1900 more than 1,000,000 
kilogrammes for the preparation of ehloraeetic arid 
employed In tlie manufacture of synthetic indigo. 

In die manufacture of suiphurio arid, again, the old- 
fuhlonnd English or leaden chamber process hu not 
been allowod to remain unchallenged, for since tho be¬ 
ginning of the present century it hu liad to meet the 
competition of the so-called contact process. This is 
based on a king known reaction,” whioh, however, re¬ 
mained almost unutilised until the meticulous industry 
of Gerautn chemists and tho courageous enterprise of 
German manufactures developed it into a commercially 
tuooesrful prooess, whioh wu elaborated in tho works 
of the B adisoh e Aniline und Hoda Fabrik. 

The ammonia-soda and the contact sulphuric aoiil" 
processes, although carried out in England, have been 
largely instrumental in making other countries, more 
osperiaily Germany and the United Rtates, independ¬ 
ent of the English production of these all-important 
chemicals. _ 

• Hectare - IA seres. 

i Quintal - 100 Ulusrenum. 

• MoBaart, "Omni and Industrial Or*. «nm ," IVIS. 

• Discovered by Tom sot In 1TW. 

>• This reaction bad for many years btm used by Mwri In 

ii Tbs Qay ta^Aafl lb»jOwm>sar sad Nobel's Biploatvo Wore 
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In 1NH2 tlic wnrld'ii consumption of soda wan 700,000 
tons (100,000 ammonia-soda), and in 11X12, 1,700,000 
Inim (2.10,000 Is- IHanc). In Kn K lanil, in 1870, 33.1,000,- 
000 was invi-HOtl in the industry, which nave employ¬ 
ment In 22,000 Wi>rk|ini|ile. In 1NH0 llie British output 
»hb 430,000 limn, and in ISU0 it wan 800,000 tow. 
North America in INHIi produced 1,100 tow. and 300,000 
Ions in ISON; and Ourraany in 1K7S made 42,000 tow, 
300.IMJ low in 1001 and 400,000 tons in 10(0.» The 
llrsl wxln works in Germany wan only iimrtnd in IN43 by 
llerninnn at HcJi0nel«B-k, near Magdeburg, and the first 
linden climnlier liy Kunlieini in 1H44 on tho Tempelliof 
Main mar Ilcrlin. (See ulso the statistics in Tahle I). 

HYOBOUXN INDUSTRY. 

Tim ulcclrulytic production of aoda and chlorine is, of 
■-mime, attended with the evolution of enormous volume* 
of hydrogen. At lint this gas was allowed to go to 
wash', hut gradually interesting and important uses 
liaro boon found for it. 

1. Dirigible halloons have been rendered imssilile hy 
taking advantage of the light ecus of Ike Internal com¬ 
bustion engine. Onohorso-powor engines are but Bttlo 
heavier than 1 kilogramme. Twenty-seven thousand 
cubic motors of hydrogen is required for a modern air¬ 
ship. Tho iialiism sheds are often established near 
electrolytic seda works, or tho gas may be transported 
in steel cylinders compressed to 160 atmospheres. Fivu 
hundred eylinders containing 2,760 ouhie meters of gas 
am placed on one railway wagon and more than eight such 
loads are required for the illling of a single Zeppelin. 

2. Aiitugeneus welding with oxykydrogen flame, a 
must important application of hydrogen, was introduced 
at the Isiginning of this ecnlury hy the Chcmisolin Fah- 
rik flrii'shelm-Klektron. The oxy-aeetyleue flame is 
now more commonly used. 

3. Artificial gems arc made hy moons of oxy-liydru- 
gen flame. Home thirty years ago (I. V. Hoys suctssdcd 
in fusing quart* with the oxyhydnigon flame and then 
drawing it nut into ineredilily thin Oliera. which have 
proved of the highest value for certain physical experi¬ 
ments of extraordinary delicacy. Tho same source of 
heal was much later, in tho nineties, employed liy the 
Fronoli investigator, Michaud, to reconstruct rubies 
front small fragments of this gem. At tho lieghming of 
this century Verneuil and Ihiquier, in I*arlK, succeeded 
in making syuthi'tln mliies. A little later Wiki, Miethe 
and Uihrnann in Germany elalsirated methods for pro- 
duelttg synthetic corundum, rubles, amethysts and sap¬ 
phires. which are manufactured hy the Klektnwbem- 
ische Werke at Hitterfold. These products are Identical 
ill chemical composition and phyidral pniiaTtlcs witli 
the natural gems, and the rarest varieties of thorn 
can !«• obtained at will. Fused alumina (very pure) 
gives corundum; fused alumina 1 2lx per cent chromic 
oxide gives ruhy; fused alumina 1- magnesia and titanium 
oxide and ferric oxide giviw blue sapphire. These 
synthetic gems are now manufactured to the extent 
of alsiut (l.tKIO,IRK) carats annually (1 carat - 0,205 
gramme), or 1,230 kilogramimw or more than 1 ton. 
F.x|sirioneod ooiinoisseurs can, however, distinguish be¬ 
tween the natural and artificial gems, with the result 
lliat tlie femur have not diminished in value. Natural 
rubles or sa|i|iliin>s of 2-4 carats cost 9100 to 9250, and 
larger stow* up to 97.10, while Hie artificial would only 
coast I,'MX) to l/HKX) of those amounts. 

A still more recent and much more %nportanl appli¬ 
cation of liyilrogen is for the hardening of fats, which 
dc|H>nds on tho transformation of umaturated into sat¬ 
urated acids by means of hydrugen in tlai presence of 
a catalyst (nickel, palladium, etc.). 
inochthikh connkctkd wrTM aktiviciai, tt. mm nation. 

The world it greatly IndchUNl to Germany for inven¬ 
tions which have largely revolutionised artlflotal illu- 
miiuitiun, flrtlly, in ooumsiliou witli gas and more ru- 
iN.ntly in respect of uleelrie lighting. 

Titus, nno of the most remarkable dlsnuvorios in this 
domain was that of incandescent gas lighting, which 
wna made hy the Auatrian Count, Dr. Carl Auit v. 
Welsharh of ItaatersfeW in Htyria, as the result of 
lengthy, laborious and ingenious researches. Tho now 
so familiar gas-man ties are prepared by the ignition on 
the notion frame of a mixture of 00 per cent of thorium 
nitrate and 1 per oont of cerium nitrate. 

The source of litem rare earths is monaaite sand, the 
elaboration of which has boooroe a very important in¬ 
dustry depending on fractional crystal Illation, which 
already many yean ago was brought to sueh a high 
pilch of perfection in the laboratory of Sir William 
('mikes. Out of this monaxite sand Hahn in 1010 soe- 
MMkd in extracting menu thorium and the procera is 
carried out on a large suale at die worts of Dr. O. 
KnOfler and Company at PlDUonaee near Berta. Ra¬ 
dium brqmide is worth about 90S a mflhgranune, mseo- 
thnrlu in shout 937.60 a milligramme. The mosothoriurn 
is only present in the monaaite sand in extremely «mml) 
proportion, about one part in 160,(j00i000. 

I may also refer to Auer-mclal, a preparation of bon 
(Fe 30 par cent) containing oarium, which sparks when 
"MoOstrl • »" ' 


scratched with hard steel, and which it famiHar as a of nitrogen at sU, man hsd served swidritoty bygrow-- 
substitute for matohos. biff Wumirious plants tn the rotation* to* flt«|)*, thSNH^ 

Another outlet for the use of hydrogen has been in by inereestng tbs fertility of the sefl, although b 
reducing the rare metals osmium (melting point 3,600 meehankgn of this (has honored p r o ce du re WM oefy' 


deg. Cent.), tantalum (melting point 2,300 deg. Cent.) expcrimeetally damooftreted 
and tungsten (melting point 2,8.10 deg. Cent.). nineteenth sentury by the C 

in 1609 the Auer Company showed that tho carbon fshrt, Hellriegel and Nobbe. 
fllament of electric Incandaeont lamps could be replaced fixation or ATaosraSBlo 
by an osmium filament, with an economy of SO to 60 was 

per cent nf current, in 1906, ftiemens und Habke 1. This has heea sunnssd 


nineteenth oeotury by the Qerman Urestigatora, Wife 


mens und Habke 1. This has heea suensmfBlly aaoeatfiHrted hj &• 


Hsltpeter nonsumetton. 7M.000 

(ol itak for nitric arid). 100,000 

Hydrochloric sdd (30 per rent). 430,000 

Utrachhu powder. 100AOO 

(ot tbh otoctrolytte). 70,000 

•RuWwrs. "Wlswarhs/l und Teohnlk.'' 1011. 

tens (MoUnsri). 

advantageous, and in 1906 that the tungsten filament 
was even still Ijottur. Tungsten occurs in sufficient 
quantity In nature as wolframite (iron tungstate) and 
soheelite (calcium tungstate) to onablc the metal to 
1st now sold as filament-metal for 91A0 to 91.76 a ldk>- 
grammu. 

Home idea of tho enormous and inereaaing scale on 
which tho Incandescent lamp manufacture is carried 
on in Germany may be gathered from tho figures in 
Tablo II. 


According to V. B. I^wes, tiie consumption of gas- 
I nan lies in 1D12 was: Germany, 100,000,000; America, 
UtyXXUXR); Kngiand, 38,000,000; France, 10,OUO,OUO; 
Belgium, 3,600,000; Italy, 3,(XX),000; Russia. 1,500,000. 

The special lax imposed in Germany on lighting 
apparatus realised from tho above sources in 1612 was 
94.1XXI.UK). 

AHMUNIA. 

Of the eummuner inorganic chemicals wliinh are pro¬ 
duced on the largest scale, ene of the most important 
is ammonia, which has for many years boon obtained 
as a by-product in the manufacture nf coal gas. 

Ho I awkward was this Industry in Germany, that 
actually even as late as 1874 the am maniacal liquor 
from tiicir gas works waa run to waste. All the more 
re markable is tho slate of affaire to-day as betrayed 
by the following figures. The world production of am¬ 
monium sulphate was 210,(XX) tons In I860, 600,000 
Ions in UXXI, and 1,330,000 tons in 1612. Germany's 
production of ammonium sulphate in 1612 was about 
370|(XX) tons. 

Tito principal use of sulphate of ammonia Is as a 
nitrogeneuus lortlllior, as which it competes with Chill 
saltpeter; they may be taken as of equal money value 
per unit of nitrogen. In this oonnoetlon Germany's 
manure bill, given In Table ITT. is interesting. 


It Is the ambition of the Germane, firstly, to maka 
themselves independent of the industrial prod net* of 
other countries, sod secondly, to produce in excess of 
their own needs aad to impose Utb surplus oa tbs rest 
of the world. Thus, they prids tbcrnarivra oa displacing 
more and more of the foreign Chlh reltpotor by hocne- 
mads sulphate of ammonia, and Is 1011 thay ussd La 
agriculture 76,000 tow of ammordaeal nitrogen again* 
70,400 tons of foreign sgltpetcrenltrogea. Thb partial 
sueoesa they look forward to making sosstpirte aad 
decisive by developing new methods of produefag is- 
moniaral nitrogew and nitrates. 

Of saoh methods there are already two la npsration, 
and they are asaoeiated with that gnat prehlan which 
ooflfronts m an kin d as a whole. Bow to repply this 
combined nitrogen, which wffl fas aswregry to bwM 
op tbs food-stuffi for tbs tearing reWowbf to ***•. 
after ths deports of Ch* -Jtpstsr are axhaortadf 
Thb b the not problem w to*«tIxisg tbaritrogw 
Ot ths a rhfck long ago, before saytldaf aw ton* , 


la anatud wts l mutton tare, sad far the wbabsf Barege SmdUoa 

electric furnace of the Badisohe Audio, and Soda Ibbrik 
These are simply realisations on the industrial scab of 
laboratory experiments made hy Cavendish 130 year* 
previously. Thb method b applicable only in Norway 
nr other countries where abundance of water power 
renders the production of cheap electrical energy pos- 
•llda. It b being aarried on by an international com- 
pany at Notoddan In Norway. They propose to use 
300,000 horse-power capable of yielding 150,000 tow 
lime-saltpeter (15 JO per cent N) or about one twelfth 
of the total amount of •hill saltpeter used by the world. 
Germany poareasei but little water-power so that thb 
process b of only indirect interest In connection with 
German chemical industry. 

3. Nitrogen may also be fixed by oakdum carbide at 
high temperatures. Thb discovery wss made by the 
German chemists Frank and Caro. 930,000,000 capital 
b already embarked in thb industry by various com¬ 
panies of Kurope and America. About 130,000 tons 
b produced annually, about ono quarter of which In 
Germany. Tho crude calcium ayanamide (about 30 pv 
cent N) may be uaod directly w a nitrogenous manure 
or may be raado to yield ammonia. The production id 
calcium carbide involves the use of electric furnace and 
hence cannot be carried on economically on a very Urge 
•cal" in Germany owing to the Ural tod water-power. 

3. Nitrogen and hydrogen may bo oombtned at higher 
temperature and especially under high premnre. The 
lung known fact that the reaction, N, + 3H« - 2NH, b 
rualbcd to a very small extent at high temperatures has 
boon investigated in recent yean by Haber and La 
Uossignol at Karlsruhe, and, guided by the principles 
of modem physios! ohembtry, Habor bra elaborated, 
after overcoming extraordinary technical dUBeuMes. 
an industrial proocre which promises to be of great im¬ 
portance In tho future. The most advantageous con- 
diUooa were to be found: Troasuro, 200 atmospheres;' 
temperature, &K) deg. Cent.; catalytic agent, osmium, 

Production of ammonia by ths Haber process has 
been carried out on a commercial scab by the Badbeba 
Anilln Company since the sumswr of 1013, and a plant 
capable of yielding 130,000 tow «f sulphate of ammonia 
per annum ww to have been ready during the present 
year. Inasmuch w the German Color Ryndfeatoe have 
severed their connection with the Norwegian nlier pn- “ 
dertaklag, It would appear that they regard the Haber 
ammottb process as being aon Body to be capable of - 
capturing ths inorganic nitrogen aartst of ths worid. 

Thb synthetic production of sngrvmb obvtou dg <m- 
volvee cheap hydrogen. I have sfceady reftped to 
olectrolytb hydrogen, but there on cheap* souritto 
Thus water-gas oonlalM IhsiSitkstBj squad votomw 
of hydrogen and wrton - .tm UteenrixtoloatlWlile 
(boiliag point-193 dag. Oent-fcan & feovreed by B«w- 
faction from the hydrogen (bodtog polut-M9*i Oerrt) 
Sfanibriy the niton** required to ths p roaass to ob- 

Carl von.Iinds«f Mtoddb T 
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The Earth Considered as a Heat Engine* 

A Chapter in the Thermodynamics of Nature 

By George F. Becker, United SUtcs Geological Survey 


' iMAUlsa Umt tbs earth nolMItteil 111 such a way tlut 
6aiA aQalUbrlaHi wen perfectly pr eserv e d end that the 
txferior wan perfectly smooth, presenting an Ideal 
•QaJpotMitUl surface of uniform teinperatnre. 8up- 
poea that the only dUferencaa between different pof- 
. of this surface wen In the dlffualvtty (that there 
; M Jute variations In the dlffualrtttea of different 
rock*, the pebtished detemlnatlouii clearly show 1. For 
atafdlett7*e lain suppose that a certain square area bail 
a uniform dlffoaity smaller than that of the surround- 
■ bv eorfeea. It la evident that thia square would cool 
more ktowij than the adjacent portions, and by reaaau 
of the atowar escape of beat It would develop e alight 
relative elevation—provided Indeed that tho material of 
the globe eon traded in coding as nlmoat all substances 
iifltmBly da Furthermore, the relative contraction of 
the s aw o o adtag mam would bring to bear a pressure 
on afl fear sidm of the square, and this pressure would 
extend downward as far as the d “ 


m rock within the sqnuro. 
a a difference In dlffwdty would bring shout an 
lntamwoence on the surface of the globe followed by 
the formation of four systems of Joints, which, in the 
simple case supposed, would (-rose one another at rigid 
angle* at tho surface, and dip nt about 411 degrees In 
tour directions. 1 Tbcao Joints uni equivalent In voids, 
which as I have recently shown may, In extreme case*, 
approach B.7S per cent of the volume. 1 Thus a further 
very coudderablo Intumescence or uplift would re¬ 
sult, and an additional diminution In the disunity, biv 
raum Joints Interfere with the conduction of heat. This 
diminution would further Increase the depth to which 
sensIMe differences In temperature on the name hori¬ 
zontal plane would extend, llnddes nystcnistlc ruptnro 
It to evident that the lateral pressure* on the square 
column mould, or might, bring alwut deformation* anil 
the crumpling of layers originally plane. 

It would aeem then that the Initial difference In dlf- 
fustvtty need not be great eventually to ensure a con¬ 
siderable uplift within the hypothetical sqnare. since so 
anon as It audited to eatahllnh a tenqiemhiro difference 
of a tow degrees, tho process of uplift would bo In¬ 
creased by the effects of rupture. 

Supposing no water to exist iqion the earth, the 
square column under discussion might attain a notable 
elevation. The average land surface now stand* about 
4 fctiwnaten or two and n half miles above the average 
sea bottom, and If tho material from which the salt 
of the ocean haa been derived represents eroded conti¬ 
nents of present area, the overage land surface might 
I some Off kilometers hlglwr than It now 
Asa could sustain It* own 
l not bo discussed here, the present object 
y to bring out a particular feature of tho 


_ti temperature of the continental mam like- 

_a tor consideration. At the present doy the 

a depth of the ocean la alinot 3.4IW meter*, the 
n deration of the land la about 4JO meters and 
■mm tharmometrlc gradient 1 degree In 38 meters, 
M m fbl r ■* hWi » 1 degree In 82 meter*. The 
petottte at the bottom of the sea la not far from 


la over 100 degrees. Bum the mean temperature of the 
actual doottoenfe doom to the level of aea bottom la 
•swe* tfe*n CO (Mm Cent above the temperature of the 
•mMm ttostt while for a long distance below tlrt* 
Mini dmgrtKWrttoatital n -*-- **"“ 


aaot *! th* cffehml trnaperature of tha globe, equivalent 
to4J*Mrt*h **“•# *» «***• <*a» hm 



The miter shell of the earth down to a dciitlt of |s*r- 
luqre 70 or 80 mile* at whlrii the primeval teuiiioratnre 
still prevails without aensllilo diminution may finis be 
regarded a* an luuicrfivl boat engine, receiving lu-at 
energy ut an absolute temperature a|ipn«rhlng 2,«W 
ilcgreea, and emitting It uL lira tlian 300 degrees. Tlie 
illfferenco Is proportional to the energy which wmild 
I** available were this engine perfect. Though far from 
liorfcct It haa sufficed, It scans to me, to sniqily what 
has been expended In maintaining In part the relatively 
high temperature of the HUb-oouUneiitnl masses, anil 
also In opclrogonlc mid erogenic upheavals, In tin- sluit- 
taring and cruropllug of rocks, and.In carthiiiuikc* sml 
volcanoes. (It 1* to Is* exiss-tod that the dlaalputiiai of 
energy would bo iiecullarly Intense near the surface, 
dividing the rising continental colmuns from the oceanic 
Imslns. It la In such [wsltloua that most of the vol- 


8o far the ocean has boon practically Ignonsl. Imt 
only n few yours can have clapucd after the eon- 
slstenttur statu* before- tlie sea enme Into la-lug. Kven 
ii very Htnall dlffcrencn In dlffimlvlly. ailing for n very 
short time, would have served to outline depression* 
Into which tho Indplunt ixvnn would gather while, nffer 
a time nt any rate, the presence of the •s'ciin with II* 
ivmvcetlve clrculaUisi wiailil tend further to Ini-rmsc 
I lie dlffereiH-c In tcnqicrnLure Is-twccn the uren* of reln- 
llvoly great and relatively sniRll dlffuslvlly, which 
wiailil then borome oceanic basins nail nmlInciitnl 
plateaus. 

The mmueut nn osiiiit formisl, or rather a niomeiit 
liefore It licgan to fonn, erosion isnumoncisl and Intro- 
ihicnl u new factor Into the world syalciu. Were the 
gluts* lomplctcly covered by the seu, cvuiKirnllon and 
pm-lpltntloa would furnish no energy »f geological slg- 
nlfliwinv*. The energy nbsorlssl In evaporation wrnilil 
lie liberated im precljiltatloii, unit the molecule* of water 
would return to their original level, lint water fulling 
mi a continent and lurrying wslltueid to the sea de|«>- 
teiittullwn or sets free the energy or iai*ltlon ai-qulrnl 
ut the expense of the heat stored In the earth. 

At great depth* we know that reek* are ilefornnsl 
und undergo solid flow ; nml it la well known lluil under 
an niqirupriato *y*tem of stnuse* nny solid mnsl flow. 1 
At UK! surfin'!*, *o far ns ruck* are cmivonied. such a 
system of stresses doe* out exist, and tlie ns-lw do not 
flow. But eru*lve action lends them n moldllly ulmont 
equivalent to fluidity-, *o lluit the net result I* In some 
resqieot* analogous to tluit which would ensue If the 
solid surface of .the globe were replaced liy n uiuss of 
hypcrvtKcoiiH liquid, some aduinn or adnmns of which 
bad a higher temperature than the aumniudlng matter. 
Those columns would rise above the general aiirfiice 
bceanae of the diminished density nnd tlie mound* thil* 
formal would overflow or run down because they lack 
rigidity, Tho outflowing portions wiaikl cool, awl sink¬ 
ing Into general mam, would establish a i-onroctlve 
cl nutation. 

Nig Just Id the same way, hut similarly, erewloo ef- 
fisfe the flow of tho continental surface matter to or 
licyoiid the edge of the continental plateaus, overweight¬ 
ing the ocean floor and bringing a boot a cornw|smdlng 

In an asphalt lake like that of Trinidad convection 
due to lack of temperature equilibrium would he at 
tended by an undertow. Material rising from any par¬ 
ticular depth would diminish the horizontal prawn re, 
which It had previously exerted on surrounding por- 
tloui of the byperviacoua mass, and these would press 
Inward to All the partial void. In a solid earth there 
must be in analogous action, excepting that tho partial 
praam re needful to produce literal flow or undortow 
must exceed that which would strain (he solid rock to 
Its elastic limit 

The mil of? of in asphalt lake must not be applied 
without out tin. In such a lake It la easy to conceive 
nt convective circulation Indefinitely continued. Not so 
In the solid earth. If the whole rock mass from which 
the oceanic salt baa been derived was really once piled 
on the continents, and tf the ocean la 100 X 10* years 
old, than the total uplift of about 814 kilometers has 
, only beast effected at the rate of 1 mDltnwter In IB 
year* or 1 Inch In 380 years. Thus the proens might be 
compand with toototost eonvoctlaB in as uphalt lake. 

Nobs the less, w fiar aa It haa goats, the undertow has 
tended b CO* tract the art* at Incipient continents, to 
_ taepNtto.B^etffWapltM aiad to gxaggerate the elevation 

«fe m twa. feu. nmt •) P*f*ui , na., 1887, 


Lu which they would hail- iilluliial linil there been ill) 
ivuTMilve temlency. 

On tlto hy|*nhosl* that the origin of i-oiillneiilH Is due 
to the Inferior dlffnxlvlty of eerlnln nreiiN of the 
earth’s surfsce, the coiiiIIUoiih of (lie ikviiii’h Imt- 
tom Is very noteworthy. A* Is well known till* floor 
I* relatively featureless, eisi*lMlliig of vied plains, low 
ridges, and a few deeiw, seveu-elghtlis of It* area lying 
ill a depth of morn Hum a kilometer Mow *eu level. 
There are very few Indleotlnns on tlie ocean floor of 
eiintlnental topography, anil yet If h eoiillneiit were to 
Is* submerged to n dei>lh of a hundred ruHiwna or more', 
that Is Mow the reach of wave ai-tlou, II Is illflleulL to 
see how liny pns-oss of Imse-levelliig i-ould reduce It* ar- 
niituutlon. Neither on the hyimlhesls muter dlsi-umlon 
Is It ea*y to Her how u continent cpulil Iki Niilimcrgisl, 
though It Is barely |*KMlblo that a thin layer of rook 
of small dUTuslvIty might lie removed by erosion, leav¬ 
ing exposed masses of dlffnslvlty so high ns to undergo 
rapid contraction. Judging from the bathymetrical 
limps there arc no Imisirtnut cases of this dcscri|>tlim. 

II would seem thut, ns the elder limm so nlily inalii- 
Inlnasl, the wi-nnlc nrens have been perslsp-nt; nml If 
so the subsidences which have occurred ami rwurml 
have lmeu subordinate fenlurcs of movements the net 
result of which In inch ease was uplift This Is In line 
with the results of lluyford, llelineri, nml their nsswl- 
nli-s, Hlnre they have iniii|icllcd us to eonrvile Hint (he 
isirlli Is men new III n conillHiin of apiiroxlniiilr Isis 
static eipilllhrlnni. II sismiis lni|sissl|)le In Isdleie Hint 
It has not boon so 111 the |sist Krixlnn has I ecu III 
progress during every era from tho Algonklnn upwunl. 
nail there must have Mm a wralstent nml prevailing 
li-islency to nphenvnl. Of n complete drowning of tho 
eiintlncnts, such ns would occur during ii prolongisl cm 
In which subsidence pn-inllisl. (here Is now no trace. 

Two rensons have been suggested nluive for the high 
level at which tho continents stand relatively to the 
wean floor, via., superior leni|s>nilure nml the exist¬ 
ence nr voids. Tlie difference )n level Is H.IUM kilometers 
or 0.(132 of 122 kilometers. If this difference were en¬ 
tirely due to excess of lem|s>ratun>, and if tlie linear 
cMianslun of average rm-k Is O.OOlls per degree, the 
whole elevation of the eontlmmtnl enluuius would Indl- 
ento a mean teiDiH-rntiire of difference of 40 deg. Cent 
If this elevation wen* line entirely (o the vxMmhv of 
voids (liese would niiiomit to about Imlf tin* iiiaxlnium 
Interstitial s[s»s> founil for me liy Mr. Melelior In expert- 
ineiita ou the cnmhlng or sulphur III scaled brass lulies. 
It Is evident that tin two muses In conililnntloii might 
bring about clcvulloiiH not only eorn*s|Hindlng In the 
1111*011 height of Ihc eoiilliieuls, liul also to them* of lofty 
mountain ranges. 

Until erosion liegnn the terrestrial mechanism must he 
regarded ii* a lient engine of the Irreversible ty|s*. It 
ismld potentlnllze energy and do niei-hnulcnl work, but 
I hu oycln was 1m*ompleto. When erosion siqierveiied 
uml eonfnrred upon the siiperflelc* of the continents u 
certain moldllty nnd kluetle energy, the cycle wim com¬ 
pleted and Uic stage answering the aillnlmlle ex ]hiuhIiiu 
was supplied. 

It la true that the efficiency of this engluo must be 
very small, Irat the store of energy upon which It draws 
—the available boiler capacity - la enormous. The mech¬ 
anism thus appears competent to bring alsiut all of the 
ilynamlm] effects with which geology has to deal. 

Meunrcmeats of the Planet Satqrn 

Kaon a photograph of Iho planet Saturn taken h.v 
Barnard at Mount Wilson In 1011, with tho Off Inch re¬ 
flector, using an nqntvaleut focus of 100 feet. r. H. Hep¬ 
burn has made a aerie* of measurement*. Several 
striking discrepancies are shown by these photographic 
dimensions from tha values derived by several olinervera 
visually, and a plotted chart of the ring system brings 
this out very clearly. In the dlacundon a* to Lhn cause 
of (be difference, It la comddensl whether It may he due 
In systematic error* In the mlixometric movement* of 
convex compared with concave .outline*, or difference* 
In the photographic or rlsnal Images; or physical 
change* in the planetary system. An interesting state¬ 
ment Is that the author flnds evtdenco of the trana- 
patonej of the ring A, and also that lie surface la not 
uniformly bright An old report by Tronvelot In 1889 
Is quirted showing that the transparency of the ring A 
was awpected at that time. Full details arc given of 
the measures of the system In Beg. Attronom. Boo. M.X n 
74, p. TB, 
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Automobile Lubrication—I* 


How to Test, and How to Use Various Classes of Oils and Greases 


Domino the infancy of the automobile industry 
engineers aud operator* of motor vuhloles had their hand* 
full to keep their machine* going at all. Consequently, 
they had little time or inclination to atndy the (ubjeot 
of propnr lubrication. But a* the use of internal com¬ 
bustion online* for the propuiaion of automobile*, mutor- 



fif. S .—Heat test. 

cycles, agricultural tractors, eto., became mom universal, 
and ae other operating troubles were finally eliminated 
ene by one. the question of oorrect lubrication gradually 
and naturally name to the front with a pertinent plea 
for attention. 

The subject of heat motor lubrication, oomptex as It ie, 
ran perhaps lust bo presented by first considering the 
chemical and physical properties of the lubricants them¬ 
selves and the refining processes. 

chemical structure or hydro-carbon motor one. 

The term "nun-narbon" frequently used In the oil 
trade, obviously for the purpose of misleading the buying 
pilhlie, is not only a misnomer, but a statement con¬ 
trary to chemical fael. Imbricating oils are hydro¬ 
carbons and, an their name indicates, consist of a physical 
mixture »f different chemical compounds of the element 
i-arism and the element hydrogen. No other elements 
are present except as Impurities. Just as cream, butter, 
cheese and other products are derived from milk, so are 
hundreds of different hydro-earbon compound*, lying 
lielwecn the extreme limits of gasoline and cylinder 
sleeks or coke, separated from crude oil. Kaeh one of 
these many compounds has its own peculiar physical 
pnqiert tea. such a* definite boiling points, etc. American 
moUir uils are manufactured from paraffin, asphaltic, 
and mixed paraffin and asphaltic base crude oils. The 
limitations of this paper pnxilude a lengthy discussion 
of the exact chemical structure of comimunds found in 
crude oils of different bases, further than to say that 
paraffin base oil belongs to the methane series, charac¬ 
teristic formula 

C. Hu, s 

while the asphaltic base oils are coni|msed of the series 
of hydro-carbons containing mors carbon to the molecule 
(unsaturated), characteristic formulas 
C.Ht., r.yVfc-asle. 

(altjhu) (acsiyiesss) 

In addition to compounds of the two principal scries, 
insny other different oompouudi are found in paraffin 
and asphaltic barn oils in variable quantities, depending 
up on the sourc e of the crude. Russian oil is made up 
society 
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largely of hydro-earbon* of the nspthen* series, charac¬ 
teristic formula 

C.tfa.+ fl. 

Motor oil* refined from crude oil* of different bases 
present a very marked difference with regard to their 
physios! properties and ohemkal stability. 



Fig. 1,—Commercial division* of lubricating oils. 



SEPARATION INTO ORUUrS »T DISTILLATION. 

Himply stated, the preparation of motor oils consists 
of a separation of a certain body of compounds which 
liave as a mean the properties required of motor lubri¬ 
cants. All hydro-carbon oils are prepared for the market 
by one of the two following methods (a) steam or vacuum 
distillation, (h) dry or destructive distillation. The com¬ 
mercial division chart (Fig. 1) shows a classification of 
paraffin and asphaltic bare oils refined by these two pro¬ 
cesses. It will, no doubt, also be of Interest to many to 
lesu-n how motor oils are separated, according to their 
gravities and viscosities, from the "lubricating distillate." 
The areas within the quadrilateral (Fig. 2) indicate 
graphically the volumetric and gravimetric separation 
of this distillate into its market forms. It will be seen 
that thn motor oil area represents a remarkably small 
percentage of the total area, all of which accounts for the 
higher price of high-grade finished motor oils compared 
to other products. 



Sulphuric Arid Process.—By this proems after the 
separation of the lubricating distillate into groups, the 
lubricating oil fractions an treated with sulphuric arid 
to throw down unstable compounds, free carbon, etc,, 
washed thoroughly with water, neutralised with an alkali 



and the whole again washed and separated. The oil 
remaining is then blown with air to remove traoes of 
watur that may be present. Another method oonaists 
of filtering lubricating oil fractions, which have been 
partially deuolorixed by sulphurio acid to complete the 
doeoloriialion necessary to bring them up to marketable 
standards. Such oils may be technically called "fil¬ 
tered” oils. The Interesting reaction hero, due to the 
sulphuric acid, letting It represent the hydro-carbon 
radical, is 

RH + tfsSO. - RSOJ1 + Hi) 
and neutralisation, 

RSO,H + No OH - BSOiNa + Hi) 

Oils refined by there processes are brilHant to the eye 
and they all contain hydro-carbon sodium "sulpho” 
salts, varying In quantity with the quality of the oil 
oonxidored. The effect or the presence of this compound 
will bo studied later. 

Filtration Preesss.—After the separation at motor oils 
from the "lubricating distillate," they are filtered through 
Fuller's earth which removes impurities and hydro¬ 
carbons of high carbon content. Filtered oils of first- 
class quality contain no "sulpho” compound*. 

CHHM10AL BlqnilTSI or VOTOX OILS. 

To obtain maximum lubricating efficiently and maxi¬ 
mum durability, it is imperative (1) that motor alls 
contain a minimum quantity of unsatuiated hydro¬ 
carbons, to prevent rapid polymerisation and “cracking," 
and (2) that the oils contain no “sulpho" compound* or 
other impurities as a guarantee against the rapid ac¬ 
celerating effect which such acid compounds exert when 
exposed to heat, upon polymerisation and sedimentation. 
The proper methods of making the heat and emulsion 
tests to determine the presence of sulphonio arid eom- 
pounds are as follows: 

Heal Tut. —Fill a risen bottle or a ”"*11 Erhlameyer 
flask about half full with tbs oil to be tested. Hsat it 
up slowly over an open Same or on an electric plate 
(Fig. 3) until yellow vapors appear above the anrfeee 
of the oil. (The temperature at which there vapors 
appear will depend upon the flash point *f the oil tasted.) 
Hold at this temperature for 15 minute*. A comparison 
of the heated with an unheated sample of thn wos oil 
trils the story of quality. Good oO darkens in -color, 
but remains perfectly dear and without sediment, even 
after standing 24 how, thus proving the total atone* 
of arid compounds. Impure ad, on ths othat hand, 
tuns jet blade. If aObwsd to stand M hoar*, a black 
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etite^Uki NdiBMBt srttka oat, proving the pnmN 
of Miphqrie or satphoBie a ski compounds. Thb tort b 
so nnfslHag «d so Important, that I would recommend 
ft. to off purchasers aa a feature to bs Incorporated in thrir 
tpa o Mo atlo M. 

ffstuMow fart—(To b* uada with 100 p« sent hydro- 
earboortb only). KU a bdttis (preferably 4 ounoe) one 



Fig. •—'Meet of heat on viscosity. 


the oil and water. Cork and ihake the bottle vigorously 
30 minatee la a chairing machine or by hand (Tiff. 4). 
Then eet it aelde (or 24 boun. Good oil ehowe a fine 
white line of demarcation between the oil and dear water 
below, Indicating the abeenoe of add compounds. Im¬ 
pure oil mixes permanently with the water, appearing 
aa a curdled mace, floating upon milky water below. 
Thb Indicates the preeenoe of culpburlo or culphouio 
acid compound*. The curdled portion la a sort of sul- 
phurie add loap, and th« amount of the curd ihow* the 
quantity of "aulpho" compounds present. The objeot 
of thb test b exactly the tame as that of the heat teat, 
with the dbadvantage that it requires more time. To 
engineer* and other* making a study of nib it b worthy 
of notion, because of the fact that there is a certain 
quantity of water present in the crankcase of mo ton, 
due to the condensation of the product* of combustion. 
eioHincARca or phtmoal tbombtim. 

Four properties only need be recorded a* essential In 
judging the qualities of oib for use In Internal oombustion 
engines, Flash Test, Carbon Residue, Cold Test and 
Vboodty. In addition the Gravity, Fire Teel and Color 
are also oonsldered at the refinery and to some extent 
in the trade (Fig. 5). 

Flos*.—By definition the flash point of an oil b tho 
lowest temperature at whk>h the vapors arising there¬ 
from Ignite without setting fire to the oil itself when a small 
test flame b quickly brought near its surface in a tret cup 
and quickly removed. Inasmuch u the temperature 
of explosion exeeeds by several times that of the highest 
obtainable flash It b oleariy apparent that even 100 
degrees difference in the flash of two oib oan bo of no 
avail In resisting destruction within the explosion cham¬ 
ber. Below the pistons, however, the operating tem¬ 
perature of pbton heads and other part* require* tho 
use of high-flash oib for reasons of eoonomy and durabil¬ 
ity. Motor oib having a flash point much below 400 
dag. Fahr, show a very appreciable vaporisation loss 
by way of the breather orifice*. Thb loss Increases 
rapidly with a further drop In flash and increase In crank- 
ease temperature. 



Cartes Betiim.— There b a certain amount of carbon 
In all motor oil wfaloh oan be “Axed" by distilling a given 
quantity, In a standard flask and at a uniform rate, to the 
end (Gray method: 23 cubic centimeters, rate one drop 
per seooni destructive distillation). A ooatlng uf carbon 
will remain upon the walb of the flask which b weighed 
and the percentage of carbon determined. Thb "fixed" 
carbon b termed carbon residue and b not to be oonfosed 
with oarbon deposit. In oomraerelal oib tho oarbon 
residue Increases nearly in proportion to the iiwrease In 
viscosity, bring kmret in the very light oib. The oarbon 
residue, high or low that an oil oontains does not nrees- 
sarily indicate the relative amount of Carbon Deposit 
(Fig. 8), which will occur, in use, ou the explosion cham¬ 
ber waib of a motor. Carbonisation b also greatly in¬ 
fluenced by the quality of the oil, by iU viscosity and flash 
and by piston-ring leakage. If a motor must be operated 
with leaky pbton rings, then an oil of tho lowest possible 
oarbon residue will leave behind tho least volume of 
carbon deposit. 

Cold Tut.— The chill or odd test of an oil is the lowest 
temperature at which it will pour. Thb characteristic 
need only be taken Into consideration in regard to its 
effect upon the free circulation of oil through oxtorlor 
feed pipes and light gages, where pressure U not applied. 
The odd test b In no way Indicative of lubricating or 
heat-resisting qualities. 

Viscosity.—Tho vboodty (cohesion) of an oil b usually 
given in terms of time. The number of seoonda required 
for a definite volume of oil under an arbitrary head, to 
flow through a standardized aperture at oonxtant tem¬ 
perature* (Fig. 7). Readings are commonly taken at 
100 dog. and 212 deg- Fahr. I n all phases of lubrication 
the matter of correct viscosity b one of prime importance 
and its effect b far-reaching, The ourves shown in 
Fig. 8 will point out the effect that viscosity has upon 
hone-power, and fuel and oil consumption. 

Efeclt nf Vueotily .—Even the veriest novice oan 
readily note the difference between the power and rapidity 
of acceleration of his motor when using a light or medium 
oil (180 to 360 seconds) as compared to an extremely 
heavy oil (2,300 seconds). Whan oib lighter than 1HO 
seconds are used the hone-power falls off very rapidly 
until the pistons and bearings finally seise, with oil of 
approximately 100 seconds. 

It will be neu that tho fuel consumption roaches Its 
minimum when a light oil of about 180 nueonds Is used. 
Oil of thb vlsoosity gives the maximum hono-power ob¬ 
tainable with a givon engine. As the viscosity in¬ 
creases from 180 seconds the fuel consumption in- 



Csrtio* rtsMae. 

fl*. S—Tasting a hWfcaaL 


onda the fuel consumption mounts to Its ma ximum . 

Considering the curve of oil mniumplion a most 
extraordinary variation In the quantity uf light and 
heavy oib humod will be remarked. Between 800 and 
2,300 seoonds the variation b eomiiantivriy slight, a 



EfTarr or heat (iron viscosity. 

AU motor oib when heated become thinner and thinner 
or in other words lose in viscosity. Tho rate of this buss, 
with rise in temperature, is not uniform, nor is it com¬ 
parative between oib of very light and very heavy body. 
In addition, oib of different chemical make-up, but of tho 
same body at 100 deg. Fahr., show a decided divergence 
in viscosity at higher temperatures. Curve A (Fig. 0) 
represents a paraffin base oil and 8 an asphaltic base oil. 
Though the vlsoosity of both is equal at 100 deg. Fahr., 
the viscosity of tho aspbaltb liaso oil falb off at a more 
rapid rate and remains below that of the paraffin base 
oil throughout the entire range up to 300 deg. Fahr. 
Curves C and D (Fig. 10), representing a heavy paraffin 
hase and ohemtoally pure oastor oil respectively, denote 
the comparative rate of loss In viscosity up tii 300 deg. 
Fahr. These ourves seem to indicate that castor oil 
possesses no advantages over paraffin hose mineral nil 
for tue in high-speed racing motors. 

(To bo continued) 
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The Science of the Cipher 

And an Explanation of Bacon’s Undecipherable System 


lilt < imllc n mi In liilUm or < lyplugrapliM or Ulualvc. 
willing* In uii Hrt will li by no minim Iihh lam confined 
t) uny imllli iilnr |n rlixl of III tin It In mi nrt wblih 
w«H lilhblv pirfiNtiNl ly thi Igjltlaii ltolimlis him! 
whlili Iihn uiKHkiNl tin. Httintlfin if royal Mcciitarloi 
fn in (hi u ry mrllcst tlmis It in>rba|M figures more 
I umili i urly In ll lion llwn ilrnwhirc In moderu tliuvn 
hiw wrltirn ti iln> wh i ihcwin* nuythlng llki an ana 
lytl< ill turn nf lulu 1 fall to make nut of the cipher 
iiiill/liia Dint It Iiun alnnyN lull nf will Inti rent to 
I Hill IN 

I ilhm Allan I ix n niustii In tlilH »i bi n of thought 
him iiHwrliNl that It may will lie ilimbtiil whellnr hu 
mini Ininmilty mi nwtruiL nil lulgnia if Hit klnil 
whlih bnuinn Iiiki unit) uiay n it by proper application 
n mil v< lli wm r brain In Hnun Haiou Verulam 

who Iuin In i ii ihIIiiI tin fimndtr if modern ademi 
i i ivrnti lluil Hu mt if lei It hi Hn* win a work of 
In In i mid liiMimlly vet by illliKint ptiNautlon It mny 
li ii i ill it I uni Iinn ft r If thi < Iphers In uae wi ii 
k nnI niicl liiiNty m miiiI of tin in wualil almolulily elude 
flit InlHir if tin deil) hirer anil vit nninlii i ommodloua 
mi uy,1i hi un to lit ninllly wiltrm nml iihiI 


l| In i IIhiumIwh Until if Hum piininmin of iiHirm 
nn hour illy iinuI In fort u iHupliti s liillnti In nt 
IiiIiiinI but tho dreiplurer will iiniiuIIy I i kill with inly 
• ii l In mi thud wtilih IiIh otKiMHtliii if lln Iphir 
hull utes will an lire the tarlliNt nnlutliNi A hoIiiHoii 
film 11 m m ry iliaraitirN of till Wlltlnh UiiiuhIvin In 
lln iiuthml |hii*ik I wliin Hu nc ihiiraitiiH an piiHcnt 
eil in nhoii utnilar nlutiil and mirki alive form When 
lit iin inuiukiNl llu tluIpbiMr will bt ohlo uaunlly to 
iin ill till I lie alpbHtiUinl kiv In llu wrltlm. and by 
at ply Ii k tlila kiy tbiouuhout lu mui rexotu tin. entire 
ill her 

\n nn llliiHlrntion f tin til* it iryptiunit Ii whlih 
nun hi ii Noli in| fiiim ltN fuim mil ip|i iran i thi 
until r will i\hlhlt mu whlih hi once niolved from a 


® AtDA 


scad ACDomc® 

bpenmea of aim pie cryptograph 

At thi IIrut glance nt tho abon the dcilpbirer will 
nl Nine that his task will lie ipilikly ended for tho 
iuinniiip la w t nut lu ii ilplur whoae form It tula eierjr 
aid lln wonla an m punted nmvenlintly, and there 
In a rauatant lourretiu of alnillar character* whlih 
learli tnniRh are the lcttirn if word* At any rate 
tin decipherer would proceed upon thin wimple plan 
until he now that he had midi readmated the com 
pli illy uf llu clptu r Jn ri ailing thla moiaiape It would 
le m led al mice that the tint word la not the place at 
* hh h to ht utn In Heorch of a hoy For the drat atffi In 
urrniikliiK a key w mid bo conjecture or mol* or lews 
urtalu kueuawirk and the tint word ta too loop haa 
Inn many letu m to be really guessed at Hie decipher 
ir wtiiltl naturally look for a word whoae entire list 
t f letli ra he might reaijei tore and thou areure aa quick 
ly nn iNMilile the maximum number of letter* In the 
either althabrt He twin that there la om word of 
only one It Iter at the i ud of the third line Thla will he 
either thi wonl I i r O or f He gneaeea A became be 
haa i hm rn d that In the very next line la a word of 
three letter* which suggests ltaolf ae ant, end Which 
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I* gins with the garni iliaraeltr fcsfpedally would bo 
untuie thla conjecture when he notices Immediately 
miik r thla word auotber Just like It Inaamncfa aa the 
word and la om which occnre frequently, whether lu 
abort or It ugthy message* the decipherer feel* reaaon 
ably cirtaln that bla guess la lorrect With the three 
li tti re tliUM obtained he now aoeka for aome other word 
i uid alnliiR tliea or part of them In order to anhaUtute 
aa far aa possible and oonjeeture the remainder of 
auih a word Hat before doing thla he may reaaemably 
eueuN that tbc word appearing at the end of the fifth 
Hue la tke Inaamuch aa the name word occur* alao In 
llu very next line when it la well known to him that 
thi la a Tory fraioont word lu all wrltlug* and that it 
In a word which very naturally followa tlu word and 
u hli h he luu a In ady obtained to a rreaooable certainty 
Now there would be no nrcereUy of beginning a anhatl 
(utlou of the littira naaonably obtained lu utlur wonla 
un lony, aa there arc a number at bilof wonla lo Hpein 
late upon In tht alxth line there la a word at two 
It III re (tin aeeimd word) which alao oeiura aa the taut 
wi i I of the aeveutb line Ihe worda nt ta or uf aug 
kiat tin juncI vea HH prolwlili lint wi at once dlaiard 
nl anil In or cm tbc word im liuumiuch in It la known 
that thi litter* a or I at a do not oeenr In the wonl 
whlih la liclug dcitpkcn-d Inammuh bn It turn already 
laeu iiNtrrtalned that Hum are other and different 
Iina tire npremidlng Hum In othir worda Ho It In 
oik I uilid that thi w ml muat lu ft/ ugalnat whlih mu 
i luahai tlun hi no rcsscmablfl ulijeitlod anyway If 
m kiihatltute tho letli rs we lucre ikiiicd lu the word 
ul I hi cnil of the alvtb llu which an bin to contain 
mural of tin. conjeiturcd charactira we aoon obtain 
tlu wonl nllui the leltllN A and i lielng tho only onca 
wi niiial again conjcctun Ibis wonl ta accepted aa 
limit iliilll It la proved nut ao The third word In the 
NcciHiil lino la readily ginned aa In Inaamuch aa the 
mionil Idler baa been aacrrtalned to lie n and the firat 
httir i annul bn o lo make tlio word on a i barm ter for 
i hniing been alnady auccrtalued 
Hi continuing to look for worda lontalnlug aacir 
talnnl ihaiaiten the dulpheror notia ttu drat wonl 
In thi mienth llu where tvery letter he haa tinkled 
i mi lit the third Hy substituting Hie dctlphered lit 
lira lb< word fnnr la the only rreaiHiablc one whlih 
auggiNta Itself and one more letter a la obtained By 
NiilMtltutlng In tho Unit word of the fifth line the anawer 
lo II U the word tioubli It hi tug nroeeaary to euaju 
•mi I Illy Uie fifth and alxth letter* Immediately under 
this Winl on the alxth line the decipherer conclude! 
Hh wonl aid having obtained all the character* of thla 
wi nl lu solution The entire cipher la In two n uteucia 
ami we may read a part of the aemnd by aubatltutlug 
only a ftw idher Inatantea We read lieglimJng at the 
tlrat of tlu amind amtene* With a lariat and aome 
•nubli and Ihe aid of the other four member* of the 
Hy piinnnnIIuk with the method we have pursued the 
intlic noIuIIihi bceomea 

Httaburgh Pete found them In thla poatthn 
With a lariat and aome trouble and the aid uf 
the othir four member* of Hie camp they were 
rescued 

I lie above cipher of oouree, la one very really solved 
Iml hi aolvlng it we Illustrate the method which U 
used In the out of there dp her* which offer a key 
through their form or construction By tempt ire ting 
Hie appreranee of hia manage the cipher writer will 
render a thousandfold more difficult Its solution. Where 
the words are undivided coojocture of letters and abort 
worda la prevented Yet Poe la very Dear the truth 
when be aaaerta that few consistent ■imgaa can be 
arranged which cannot be aotved If the miaas gu la qf 
any rreaooable length, tho recurring character repre¬ 
senting acme alphabetical letter win finally auggeat 
aome meaning With hi* relation of aoaiM, the dre 
< hdierer must correlate the principles of language, many 
of whlih are the same lu an tongues 

for dtapatih and convenience, cipher* are oUen 
written In war times by one general to anottor on Ihe 
aame aide by simply writing out a number of aanttBOM 
giving a particular direction which hi reality will 
have the opposite area tag from the one todtoetod by 
the message If rack a Manage should fall tnto lire 
hands of the enemy, Ha solution amid be AtreyM bf 
proceeding to rreaoo oat the tree eimeagl trek 

scot The general ctrruemtnaoee existing at the time 
might indicate to the dtdptorar that tratrad Of bah 
tmk' the mn oa g s cenreyad the order to "retrofit" 
though the actual wort* of (ha reamer totiratad ftp 


funner It la thu purpose of cipher writer* In awdee 
to cocriy In their messages sa simple statementa un 
IHimlble in order to free there from suspfdon In ridMi 
fury affairs, and alao In the aeirrt affaire of fitafo, 
i implex tty In cipher* excites suspicion, and attracts too 
much atteutiun The ability to convey oocvaolsst hud 
accurate and easily taterpretable Net ret m Magna. to 
regular language and to ordinary aanteeoea, la the art 
w hlch la to-day sought by those who moat aecscartiy 
ow the cipher 

A highly useful and at the same time practically 
undecipherable ecbeaie for cipher writing WM Invent¬ 
ed by Bacon when a youth at about seventeen to Paris 
It la a method of expressing aa he termed it. “anything 
hy everything and the only condition or limitation 
placed upon Its use la that the matter Included be fire 
time* leas than that which Include* It This Condition 
iirtsoa by reason of the fact that each letter of the 
• Ipher alphabet la represented by five letters at the 
writers ordinary alphabet Vivo letter* are chonep 
beeanao this arrangement win admit of V ihaniMt 
a ml therefore will embrace a change for each of tbs 
JO letli ra of llu Pngllah alphabet Bacon’a arrangement 
N a* follow n the change* uf five places being repre 
re ntrel with the one uf only two lelttre 
A In n presented by naaaa N la represented by.gbb*s 


aabab almba bobb* 

siipjNNN jl*o that there be adopted two forma at let 
ti re aa for cxamplt tin Homan and the Italic and that 
each Roman litter represent A and each Italic Mter 
11 present B Then a cipher of the above plan eodld 
la woven Into a mnsuige of ouoa natural and uan^| 
iniabulary One could aind a manage to ■fiy,” for ire 
stam-e by minding the worda Htay til I come to yon.' 
The message) with Its Interpretation would be thus 
aabab aba ha babbe 

Htayf Mro metojon 

I bough of course, tbs uuaaun mat would to simply 
Htay fll I come ta you 

rhere would to here, no significance to tbs ansi os to 
Hie arutenco, but the person to whom the aiassaga would 
la- sent would hare no difficulty In extracting the real, 
Internal m essa g e In cue the cipher were written by 
hand with pencil or pen the lUlkJasd letter* ocnid to 
todlraM by uoderaeorlag at tto proper pfaeai In order 
to render the netirng* still more dtScolt to Mb* It 
might to lengt h e n e d into one at twantr-gvi or fifty 
words, undereaortog or lauvimi Plata to tile noreelgnto- 
cant places to such S manner at make tftaat of no attnet, 
and therefore to keep them from with tto 

worfia which opnvey the secret m se ewgr. Yer toettpeu, tf 
we folio* the Kan at totttoft kaHKwiI tri frat rwrre 
neat B, end tto ptofo tottart wg r kara t i* Ae IMt&l 
maaaage “We retrrat at asldnlght," to aseraped to <to 
following * 

9fMriOna«Mm«raitoeriMlK ” 

etdaybreuk. Throw pour right U pnAfoe fo 
comt Ml prospective wtrant, end tike 
to totottoMRomsdi, 

aaTawa***"****' 


tagtofiitii% 
•Nl wMm m t ) 
olgtorvrtoOMto* 
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*» nadir to* terttar ■UUmnoob- 

. Mci-'.tt* smtm carrying on tha secret eorMpataM 
«l«* adept tt» pMHUmacad plan that every fifth 
WBrdrtrtH be dcstoeast, or that there shah be a sifntfl- 
am Wtod after tha UM twenty wort* at tba vteSbte 
written and than Own ahaU ba thirty aon-algnlflcant 
mm® fou-b* fctfcmwl by fifteen rtgnlflcaat om to Da 
. followed by forty waMriolfloant Of oouw all soo- 
IrtfiWnart woeda Mali bo written with Honan and 
Untie raodtaoatiooi, jo* aa the atgntflrant out*, In order 
that than ahaU be non for no anaplrton upon any 
tatHoakc part at the writing. Before the word U- 
swoon and after tha word engaya, in the abore cipher, 
the word* aw MMdgniflcant, thooyh presenting an ap¬ 
pearance similar to tha other parti at the writing. By 
. tiaartatfofi the Italic* Into B^ and the Banana Into A 1 ! 
in (Hahnal Only, for exempt*, and then grouping Are 
latter* hi ana place to main a letter of the true maw 
tag*, it if found that Hie amusement foniUbe* noth¬ 
ing of any mmtot, and such part* of the writing, of 
(mm®, tha penoo reoeiring it may dlareaard. The 
greater the length of the writing, compared to the 
laagth of tha toner meanage, the more difficult will be 
• a lal lw by a perron who doee not know the plan of 
, forming It; which t* directly oontrary to whet t* true 
conoanmng each a cipher ae la found in l’oe'a Gold Bug, 
ok any cipher which may be reeolred by obeenring its 
form and construction. A cipher of Individual un¬ 
known characters, If comdatcnt throughout, will be the 
estate* to rweolTc, the greeter lte length; Inasmuch a* 


in raeoiring It one would with to otwer r e the charac¬ 
ter* related in aa many different way* aa possible. 
While a cipher which must be reeolred by as- 
certalnlDg the dreumetance* seaodated with, It, 
and deducing from them it* meaning, will be the 
aa Bleat of aolutloa when it ii brief art when there 
are fewer conflicting ideate and fewer word*. In the 
dpber above, the form would be suggestive to the de¬ 
cipherer aa well as any conclusion* be might attain 
from lte visible wording and from the moaning of tlie 
visible writing itself, for the modified shape of the let¬ 
ter* would indicate some significance. However, where 
the letters of both the ordinary and the secret messages 
are alike, and the one is simply folded, or secretly 
placed, within the other, form Indication* do not mean 
very much to the decipherer, and a cipher arranged on 
this plan will prove itself the most difficult of solution. 

If time for arranging a cipher mnwagn were of no 
ooneeqoeoce, it would be a fairly easy matter for one 
to arrange a secret message within a visible writing 
and place thereon no form Indications nt all. For In¬ 
stance, Instead of determining B’s by an Italic letter 
and A’s by a plain letter, It could be adopted, a* a pre¬ 
arranged plan between the corresponding parties, that 
every letter in the visible writing which Is followed liy 
a consonant shall be an A, and every letter followed 
by a vowel aball bo a H; or that every letter of the 
writing followed hy one nt tlie tlrst thirteen letters of 
the alphabet aball be an A, and where followed by one 
of the last thirteen letters of the alphabet It shall be 


a B. Bat to so frame an outer writing as to 
date this Uglily restricted arrangement woe 
practicable both because it would require 
time to do so, and because st times it would 
nary to use words whose meaning would he 
connected with that of the rest of the writing 
to come within the pre-arranged sequence i 
A plan of this kind could be made and used 
correspondents have no demand of illsimtch, 
writing or reading, upon them; but for p~- 
(tones, as war or hasty diplomatic corresii 
writer and reader must avoid such delays as 
Impost«. The writer desires to Is* able to wrl 
message Instantly upon forming It In his min 
having to run through all the words he cv 
mind in order to use thuse which will i-tsifoi 
plan. Hy using the blllternl alphabet or Hi 
cipher writer may make any exterior wrltl 
nny secret message, and obviously this plan 
which has tho greatest facility and which Is, 
the most practical. Tlie question of how tt 
to be determined from the It's Is n matter wh 
bo loft to the correspondents themselves, an 
marking tho visible tetters Is lng practical s 
It 'may he rimervod by the render, whet! 
enough to elude the notice of the Illegitimate 



Cm! Mined by Machine* 

The substitution of mechanical methods for hand 
labor In the bituminous coal mines of the United mates 
during tho last quarter of a century has been one of 
tbo most interesting features connected with that 
branch of the coal-mining industry. Tt would have boon 
s physical ImpomlblUty to bare attained the present 
enormous production of bituminous goal (nearly half a 
billion tons In 10III) if it bad been necesoary to depend 
upon band labor alone. Tbo results accomplished by 
the use of mining machines are threefold: (1) The ex¬ 
acting character of the miners’ employment Is much 
ameliorated; (3) the percentage of lamp coal Is In¬ 
creased, which mesne a bettor avenge price for the 
tout product; and (3) the cost of production la re¬ 
duced. The Amt Is of a humanitarian character, but 
the two last, which are purely economic, have boon tho 
chief Incentives In the changing of mining methods 
which has made U»e mining of bituminous coal in the 
United mates during tha lnat twenty-live year* an epoch 
In the history of the Industry. In many caaea the in¬ 
stallation of mining machinery lias been forced upon 
the upon tore by tbo constantly advancing coat of labor 
and the necessity for keeping mining expense* within 
the lowest powdbte Units became of tbs keen competi¬ 
tion and the low selling price* which have existed for 
many yean la the principal coal-prudncing State*. In 
1800, the first year that the statistic* of labor employed 
In the coal mine* of the United States were collected 
and when the use of mining machines were Just begin¬ 
ning, the average production of bituminous coal per 
man employed was STB tons and the total production 
wai nywa^mt abort toim. In ISIS the mine employees 
averaged only at* am day* in the year, the average 
paoductioai per man was 887 ton*, and tba total produc¬ 
tion was 4T8£2\208 abort team, about 48 timeu that of 
18801 But In 1818, 943378389 tons, or a little more 
than 00 par cent of the total, wan machine-mined, 
whereas In 1800 probably tea* than 8,000300 tons (not 
6 pm aipt at tha total) were machine mined. At tlie 
■fonti of production per men as In 1880, tba total 
outtmt of Utumlnoue coal la the United State* for 1918 
would bare bean about 881000,000 torn or about two 
third off the product actually aeon. If the bttamlrwo* 
mine* M worked foD 800 day* in U)t8 the production 

yoqldbate*0 < ^ «WM ^OOten*^ 

RftMt tK^MMXrt^nai* to* IMSt! 

font in IBIS. The quantity of coal mder- 
.<pt'#"ed«wl** mta*dhy tite mjtmoUm Increased 
foam najaMB to* to 84M9W4W foM tt* toma* 
la to* trtal pro du o tit m wa* 8MU3& ton*. *r 8J p*r 
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m ft'j m cent. 

taction by 8318,. 
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a coudttlun favorable lo further advuiicra In mining 
wages and to the mum extended use of mining machin¬ 
ery to offset them. It 1* to In* expected, therefore, that 
the ((reduction of ctail hy mechanical metliods will eisi- 
llnue lo abow proporttoonlc Increase until a relsllvely 
small quantity will be mined liy hand. In nddltinn to 
the economic and humanitarian results nccompllshed by 
the use of machines, another Important end Is attained. 
The larger the proportion of cool mined liy machines 
the smaller will be tho proportion of cost shot off the 
solid without haring been previously mined or sheared. 
Any step whlrb mltlgntea that evil in tlie mining of 
bituminous coal Is a step In advance, and hs shown In 
tho section on mining methods in this report, there was 
a reduction In the percentage of coal rallied by inwdrr. 
Recent developments In the construction of mining ma¬ 
chinery have provided maehlnc* which are adnpted to 
lied* of any inclination, so that there are now practi¬ 
cally no Insurmountable physical obstacles tu the 
stltutlon of machines for hiial labor. 

Tho methods of nltecklng the coal by machinery are 
of two distinct types. One Is that of Hawing; tha other, 
of chopping. Three types of machines represent the 
former method—the chaln-brcsat, the lung-wall, and the 
abort-wall, tn tbeso machines the coal Is stlac-kcil liy 
bits attached to an endless chain or to the periphery of 
a disk, and, as can be readily seen, the action Is very 
similar to that of sawing wood. In tbo second typo of 
machine the coal la attacked by bits attached to arms 
actuated reciprocally, aa In the action of drilling, except 
that the work of tbs drill la not confined to ono hole, 
but la freely changed at the will of the operator. Those 
machines are designated aa the pick nr puncher, In 
which the drill Is mounted on two wheels and operated 
on a platform In front of the face of the coal, and as 
tbo radtalaxe or post-puncher, In which tho piston la 
attached to a post and drill la radiated In one plane. 
This bitter machine boa been developed for use in the 
at cep-pitching bed*. A now machine, brought out in 
1913, combine* the staring and the chopping action* of 
tho other two types. In tola machine bit* are Inserted 
In tho manner of t screw around an arm projecting 
from the machine. This arm la given both a reciprocat¬ 
ing and a revolving motion, so that the coal t* attacked 
by both a chopping and a sowing action. This machine 
wa* not actually placed on the market until 19U 

Tho total number of machines reported In use in tbo 
bituminous coal mines of the United States In 1013 was 
183®, on increase of 1,068 over 1913, when the number 
of machine s report e d was 111.296. The avenge number 
of too* mined by each machine la 1913 was 14,802, 
against lfi.Tffl to 1913, tba ■ rarer* for 1013 being the 
largest too nag* per machine reported. The best record 
prior to 1918 ww in 1889, when the average production 
per *UK*lne ww 14388 toco. Tbo mart popular type* 
of maeton at Bow to we are the pick or puncher and 
toe eh*lo-breast, tbe latter bring tn somewhat more 
general ueo to 19181 to j913 tbe larger number of ma¬ 
chine* wed wen p unc h er a Oat of tbe total of 18381 
ajoohtow to wa to 1918, 8388, or 08 pet cent, were 
cheto-breart; 8387 were puncher*; 8310 were abort- 
waft 191 were Mc-waft and liT were of tbe radialaxe 
or port- r M rht r typo, tt* rapid gala of tbe ebort-wall 
maebtoa tt popularity to referred to to tbe report for 
Iw tlngM to tal!, to* number of tM* type 
« *i*hi tank* fa e r we d trow un to 3310, a gain 


nf 630, or 00 (icr rent, l’ciiuaylvaidu, the largest pro¬ 
ducer of bltnnilnuiiH coal, la also find In Ihc total ton- 
iiugc mined hy muchlncH niwl In the lot ill number of 
uincblueH In use. West Virginia, Ihc acennd State III 
cual-pniducing Importance, rnukH hIku uccond In the 
number of mnctilm-H lu umh and In the tuimngi- won liy 
them; but the credit fur the largest iien-cntnge uf ma¬ 
chine-mined nail tu tbe Intel output belongs lndltqiul- 
alily to Ohio, whose output of noil mined by marhlnea 
in 11113 waa 00.2 per rent of the total production. In I0J2, 
S7 (icr ci>nt of Ohio’s production waa machine mined. 
KciitiH-ky rank* second In the penvntngp of the trial 
product mined liy machlnca with 73 3 (»-r cent In 1913, 
ugainst 00.4 per cent ill 1912. Michigan* (N-recntHgc of 
machlnc-niliH-il coal Increased from 62.7 per n-nl III 1912 
to 70 iicr cent In 1913. Went Virginia, [Vniixy Ivnnla. 
mid Indiana were each credited with muni Ilian half of 
their Intel production mined by maclducH In liolh years, 
and Illinois had 63 |ier cent In 1913, enui|mrcd with 46 
III 1912. lu 1913 I’ennaylvniilH’H production nf iiiuchlnc- 
■nliicd coal wna 92.467,436 short tons out nf it Intel of 
173.761,317 ton*. West Virginia, with n total prortur- 
llon of 71,306,11X2 tons, rejiortcrl .'19,4)0,201 tuna mined 
by muchlncM; Ohio, wllli a total | (reduction of 30.200.627 
lolls, reported .’12,042X6 Iona iib mined by machines. 
IIIIiioIs'h production of ninchlnc-inlnnl nail waa 32,830,- 
.606 out of H total of 01.016,744 tons; Indiana reported 
9.737,420 Inn* as machine mined out of a total produc¬ 
tion nf 17,106.871. Uincral ffmoanr* of the United 
Htaitu fur 10tS, Ihntarlment nf Interior, by H. W. 


A Motorcycle Street Sweeper 

(Ink of the latest American novelties is a moUir cycle 
street sweeper, says tho Motor Cycle. Tt in mounted on 
a sidecar chassis of peculiar design, and in front of tho 
swooping mechanism i* a steel brush which note as an 
agitator for tbe purpose of loosening tbo dirt, so that the 
broom will easily remove it. Tho broom in lowered hy 
means of a handle situated on the left of the driver's scat 
and when thn broom I* in contact with the pavement it 
engage* tho actuating mechanism connected to tlie sjdo- 
nar wheel, which cause* the broom to rotate. Raising tho 
broom throws the mechanism out nf action. It ia de¬ 
signed to be used on asphalt or wood-paved streets. At 
present one of these machines is in operation in Washing¬ 
ton, and owing to ita satisfactory operation ite use is 
likely lo bo extended. 

Ancient Wax Beni* 

IwTUXWTiNa results obtained by the Government 
chemist by making analyse* of old wax impressions on 
documents in the Public Record Office ore deeerihed 
hy Mr. Ainsworth Mitchell In Knovlrdgt. Tho seals 
examined dated from the thirteenth lo the eighteenth 
century, and differed but little from modern sealing wax. 

other* of pure beeswax. Two seals, of the date* 1399 
and 1433 respectively, were composed of wax, the eharac- 
terislies of which agreed more nearly with those of East 
Indian than of European beeswax. The wax composing 
an impression from the Great Beal of 1360 agreed, In 
obemieal and physical character*, with pure beeswax 
of today. The pigment in the red seals wo* vermilion, 
white the green seal* contained verdigris. 
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A Stop Motion for Moving Picture Machines 

An Ingenious and Radical Improvement 

By W. B. Morton 


Evaa flnM intermittent movement hie been in un 
particular effort* have been made to make the movement 
of euoh nharaotenatio that the leaat amount of (train 
would bear on the part to be moved 
In a oontinumia movement no force u required for the 
maintenance of the movement except to overoome 
ini idental friction and windage 

in an intermittent movement however oomidenble 
force* an required to accelerate the mine* from itand- 
■tiU to maximum velocity and then again to retard the 

■till If the aeeelt rating foroe la norm taut during the 
whole tune of moderation a uniformly accelerated 
movement etuuea 

The aimpleal form of such uniformly aooelerated move¬ 
ment l* given in that of a falling body whoae velocity 
inireaae* uniformly for nioeemve time penodi We 
know that the form producing thia movement ii never 
leai than the wiighl of the bodv which remain* oonitant 
from the time that it atarta on it* downward oouna It 
i* therefore evident that if we deaign far a movement of 
the hody of uniform aioeleration that the foroe required 
to proptl it mult lie eonataut It la immaterial In that 
reaped whether the movement be a tranalatory, aa la 
Duitutce 



Fig 1 —Diagram allowing relation between dia 
lance traveled and time referred to a falling body. 

the caae with a falling body or whether the movement 
aought la an angular one 

To enable ua therefore to produce the Intermittent 
movement with a minimum amount of foroe acting at 
any time on the maeina it la important to deaign the 
ram in auoh way aa to impart to the intermittent 
ayatem an angular movement of uniform Increment of 
velocity 

An intermittent movement which doe* not work on 
thia principle of uniform power application during all 
the tune available muat need* act in aueh way aa to 
require a greater foroe during one period to offaet the 
deficiency of foroe during the other period So that 
liv deviating from the uniformly aooelerated movement 
the maximum force inquired la greater than that uniform 
one which produiro the movement of uniform accelera¬ 
tion In hig 11 have ahown the well known relation 
between the diatanco traveled and the tome referred to a 



falling body Thl* curve fa a parabola To amrtain 
the velocity at any moment, we have only to determine 
the increment of the movement per unit time or, ex- 
preaeed in other word*, determine the differential quo¬ 
tient of thu parabolic function at that moment Both 
the geometric quail bee of the parabola ee well a* the 
mathematical expreanon far iti function lead to veloei- 
ttee which lie on a itraight line emanating from the oenter 



Fig 2 —Four slot Genera movement 


of the co-ordinate ay item In the diagram Fig 1, 
thia velocity line la marked • 

In general the farce required to produoe velocity 
change* 11 given by the increment of the velomty, which 
in oaee of the atraight velocity line a la a oonitant 
demgnated / in the diagram Fig 1 aa the increment 
of the velocity line v la the aame for all the point* of the 
diagram 

Th* object of the intermittent movement in a motion 
piotura projecting machine fa to advance the Aim in aa 
abort a period aa poaaible with a minimum atrain on the 
moving parti Hie requirement of quick movement fa 
evident from the fact that during the movement the 
abutter haa to obliterate any poaaible light on the aoreen 
and the longer the movement therefore the more the 
aoreen la deprived of uaeful light On the other hand 
the atrain in moving part* haa to be kept to a minimum 
to obviate undue vibration both of the machine and of 



Fig 4 —The Power cam. 


the film and to mummae the wear on the delicate part 
of the machinery and on the iproeket hole* in the film 

It t* deemed beat to eomodar flnt the limitation* of the 
intermittent movement generally known aa Geneva 

In the Geneva movement the tame required fa exactly 
one quarter of the turn of the pm wheel If the Geneva 
gear were made with five dot* inatead of four, a* ihown 
in ng a, the movement would require one fifth of the 
revolution of th* pin wheal, or, a* it u ufually expl ored, 
in th* four-dot Geneva, th* movement and therefor* of 
the film, cover* 00 degree* of the fly wheel wharea* in a 
five-dot Geneva, th* movemmt and thmfon of th* film, 
fa oomphted in 73 digrM* of the fly wheal 

With th* five-dot Geneva, the movement of the film 
req uire * on* fifth of th* time and the film, while da- 
tionary, could trnaamit th* picture during tan fifth* 
of th* time Whh the fbur^ot Geneva, the film fa 
moving during on* fourth of th* fame and standing ihH 
thru fourth* td the time 


Geneva to 00 per o*nt in the flve-elot Genova, no m ea n * 
are poanbb by which to make a change anywhere be¬ 
tween them two flguree 

The four-elot Geneva, being uitlvaneUy adopted pre¬ 
clude* therefore the poeaibility of dedgung the machine 
for any other ratio of movement to ro*t, or darknaa* to 
Ught-tranamfamon than one to thro* 

In Fig 8, the horliontal hue denote* time, whmai 
thevertleal line* may denote movement of the film For 
the Geneva the movement u given by line 0, whwh ihowi 
that from the beginning of engagement of the pin 
in the dot, the lnoreaa* of tile velocity of th* film fa 
extremely email great inonaae In velocity, ho wever 
ooenre at th* pout marked A At the point e the 
velocity of the film ha* reached the maximum, and from 
there on deoreaeoe in velooity more rapidly during a 
abort period j. and finally oomea to xero on podtion 
plui 45 

It will be *oen that the work of the Geneva fa done 
almoet entirely in the two ahort penodi A and j. where** 
little power la tianamitted at the beginning or at the 
middle of the movement The total ■ train of aooelaa- 
tion and the retardation of the film u therefore con¬ 
centrated at two comparatively ahort penodi of the whole 
time of movement and the wear of the Geneva dot and 



Fig 7 —Five riot Geneva movement. 


pin a* well aa the intermittent iproeket * teeth and film 
bole* booomea oxceenvo 

To avoid auoh uneven and exeeaive fora both m the 
Geneva ltnlf and on the film, Mr Nioliolaa Power 
dengned the cam movement, ihown in Fig 4 
Thu movement u not limited to any particular per¬ 
centage for the movement of the film the cam being 
deugned for any number of degree* doored The 
velocity of thu film ui diagrammatioally ihown In Fig S 
which ihow* in (omparaon to Fig 3 that the initial 
timo of movorni otma utilized to better advantage for 
accelerating the film and thereby relieving the part A 
of the diagram 3 of it* exeeeaive rue 
8uoh even dutnbutiqn of power tranamittad from the 
fly wheel to the intermittent and from the aproehet 
to the film, aooomphihea the total movement of the film 
of H inch at a ahorter time equal to 71 degree* of the 
fly wheel with a atrain on the film, whloh can be gaged 
by the companion of ateepnea* of the angl* a M egalrat 
the angle A 

To facilitate thia companion, Fig 6 fa ihown wherein 
the movement aa well u the foroe* required are ahown 
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reUUag to th(M< oI the Genova anil the Power oam 

Mr Power ha* therefore nomhined in this one design 
throe changes of nuxhanual oporationa 

1 Shorter time of movement (71 degrees ae against 
W degree.) 

2 Uniform distribution of strain over the whole 
period of movement aa against the unevenly divided 
nation of the Oeneva 

3 Reduction u the engagement forte from wheb 
three notkmablo deserts are givtn in the operation 

1st Mon light 

2d Lees vibration 

8d law wear both on the intermittent movement 
intermittent sprocket and film 

An argument might bo advanced that as above men- 



Flg 6—Comparison of movement and forces 
required by Geneva and Power movements 



Hg 8—Another view #f Power cam 


tionud the Power earn shows more foroe transmitted 
during the initial part of the engagement than the 
Geneva movement and in starting and therefore lues 
destructive for the Him at least during this period of 
the engagement 

A rope will hardly last longer by being given plenty 
of rest mornings and evomngs but being overstrained 
boyoed its safe capacity to a full day s work during the 
few hours of a day 

The work that the Uoneva is not doing in the begin 
mng of tho movement it ha* to make up during the abort 
periods k and j lousing yrks and ruining the Mm 
■prut ket wheel and tho slot and pm 

C ompanng first the maximum foroe required for the 
Genova with that of a Power cam of GO degrees move¬ 
ment as given in 111 we see that the latter requires a 
force which is leas than two half of that required for the 
Geneva the two absolute values being 0 44 aa against 
0 944 

Such great superiority of the Power oam enables us. 


thendore to reduit thi tune for its si t ion ami still 
nmain with its aituating font hi low that of a Geneva 

Nuih oaae has lain shown in big U by font bni II 
which corresponds to the cam as incorporated in the 
props turn machines manufactured There the tinii 
has been reduced from an angle of 90 digrees l j only 
70 degrees thereby miming thi dark period It is 
true that by such qunker aeliiti (lie actual mg forte in 
i leases but as seen from hue II it is still far lielow the 
forte required of thi Gi ntva the nlativi iallies being 
0 736 against 0 044 

This comparison in l ig 6 hi tw< rn the foru line of the 
Geneva (I) and the Power ism as used (II shiws 
dearly the latters advantage in nduiing the time in a 
ratio of 7U degrcia as against 90 degrees anil reducing 
tho ai lusting forte in a ratio of 0 7Pi to 0 944 



tig • —Diagrams Illustrating operation of tho Power 


Unit Coal* 

Vreti'Tioi' is iailed to the boat values foi tho unit 
cool the puie substance fioo from ash moisture sul 
phui and utbei niluui tmpuilGas this value like the 
ual bed moist me may be regarded ns the normal factor 
for the ni hull coal aud dots uot vary In a given mlu 
from yeai lo yeai If for example tbo nverago unit 
value Tot n gtuu mine la 14 180 British thermal uiiIIh 
pel pound of tblM male rial any sample with whatever 
cunUut of ash or mulature when calculated to this 
unit tool basis will give Uie same average value with 
in the range of ixpi rlmeiitul eirr r or about 100 unltM In 
14 000 a variation of less than 1 per ixut This value 
euables ua te ihetk the. eorrvUnem of the various do 
terminations any one of which If atrionsly In errur 
would vttlate the result Conversely by reversing the 
calculation we are enabled to obtain a clone estimate 
of the heat value prtBeut fir any given percentage of 
ash This la at special value where It la desired to 
submit a bid tor toutrailing In which a guaranteed 
beat value la to bo Indicated The formula by which 
this value Is derive d Is aa follows 


Unit B t 


Dry a t u - 6000? 
100 — (1 98A + CM) 


In which A Is the weight of ash per gramme 

8 la the weight uf sulphur par gramme 
It every mine operator were to obtain as often a* 
possible this unit vslne for bis product he oould very 
shortly derive from an average of Ms log of values, a 
baste fee tor whlib would bo of great advantage to him 
in submitting propositions for coal supplies 
A special survey was recently made of certain mine* 
In the live oonntiee named In Illinois Tbo average of 
the 1 unit-coal value* for each mine may be taken as 
a constant lot tba output of that wine 



The nee which can be read* of there unit" valnre 
■fch re are shown Jo this table may be readily nnder- 
' v'yfcB* re, SB* Mate o «ai«gic si . twa, >y «. w 


e aort a gtata fisd bglss l «**"». it. » to, »«• 
-ink, red stereos asst Wtn hare Mat salts tnm 1 f 
rest *e 4 sre mat tetewths retire hire ihre 


stood whin It Is remembered that each number repre¬ 
sents material which la 100 per cent pure and that for 
each per tent of Inert matter present such as water 
aud ssh there la a corresponding decrease In the num 
1 m*l of host units present That Is to say If a coal 
has 20 per cent water and ash, then 80 per cent of the 
unit value will represent the heat units present per 
pound of toal as delivered Indeed It la posall le by 
taking account of certain refinements am h as turret 
tton factors for sulphur and hydration of the shaly con 
stltneiits to make u calculation which will be of quite 
snlllilent accuracy fur basing bids and tutoring Into 
c ontrai Is Involving a guarantee as to heat values The 
method of calculation is exceedingly simple and la 
baaed on the following Bxprwalnn 

Tit A weight of ash per pound of coal 

Let fc - weight of sulphur per pound of coal 

Then- 

Dry Htu - Unit Btu X 100 — (108A + 
0668 

lo lllustrati take the unit 1 value fur toal from Ver 
mlllon County sample No d In the table Suppose we 
wish lo know what heat values cab be guaranteed on 
deliveries from a mine of this group cm the basis that 
we lau furnish material averaging aa the dry coal 
12 per eent ash. and d per omit sulphur we will have 
our total non combustible material corrected by the 
above formula as follows 

Per cent 

108A 1298 

Ofififf 160 

Total 14 61 

100% - 1461% — 8838% 

14790 X 8889% - 03878 

In this calculation the sulphur has been neglected It 
has a small bret rains equal to 6000 times the weight 
of sulphur present or 60 times the percentage number 
thus 

60 X i =■ WO units to be edited to tba above value or 
18678 
160 

12738 B to 

Deliveries from this mine therefore having ssh, and 
sulphur as Indicated above can be depended upon as 
carrying 12728 beat units per pound of dry 1 coal and 
this factor should be accurate within 100 unit* lo 12000 
or lens than a variation of 1 per cent from values as they 
would he determined by direct reading from sn lnatre 
ascot Any otbOT ast of value* for tab and sulphur 
would similarly admit of ready calculation and should 
be used as a basts for calculations Involving guarantee 
of (Mtvtrtre on a haaMnlt baste If tbs boat units on 
tbs “war 60*1 bute are drednd wnmtfig far example 


a moisture factor of 18 per cent the above value aa 
derived for dry nwl should be multiplied by OKS 
that b, 12728 Btu X 086 ~ 10818 Btu per pound 
uf the wet iobI assuming a molature factor of 111 
per cent aa Indicated In this connection attention 
should lie given lo thi mummed values which It Is pro- 
IKMiel to maintain for w»Ur and ash 

Lightning Rod* 

bv>H today nallv few people uaderstund what « 
curs when there Is n flash of lightning or the part 
Played hy the lightning i »L Some very Interesting and 
valuable Informed >u m these matti r» and on Ibe pro- 
tectlie range of lightning rods Is given by J and J b 
B lsirmor In the / locecdmps of the Royal Society 
Among othei things they say Kits trie discharge In a 
gas Is a rupture il g n line of force and not over a 
surface 1 he Initial ruptun lb lo hi expected at a 
place uf maximum f >rce and spreads In liotb directions 
Nil ng the llue of force through that point In the case 
nf a lightning rod the dlsclmrge would slart at the 
summit of the rod the plan of mead Inteime strain and 
strike away from tire red Once a line of disruptive 
diet barge Is established Die ui lgbborbood of a lightning 
rod can have Utile effect and a stmib mathematical 
lurestlgatlon shows that n (bin Is dated rod will draw 
(he discharge hardly at all unless In the nglon around 
Its summit and that the modtfleatii n In the field due 
to a tfaln rod Is negligible along Its sides unless clove lo 
It It Is the building carrying the rod which modifies 
I hi field and directs discharge to 11a own npisr part* 
which therefore nod protection by cinductors ade¬ 
quate to draw off tbla discharge to earth and vertical 
rods Joining together if need 1 e lower il >wn but rls 
lug from tbe comers of tho structure lo a height which 
need not exceed about half Its I nadlh will lift up tbc 
field of concentrated electric forte rr in tbc region dl 
redly above tbe building to Ibe regloi ah vi tbi Ir sum 
mlts and will so lake tbe discharge I he rods may rise 
from sn earth-connected network s| rend over the roof 
but unless the meshes sn fine tniugb t > approximate to 
a complete metallic covering It la quest 1 vuabli whither 
It would In Itself [irotect n lulldlng from n discharge 
striking down upon It A spread of connected metallic 
Mats some height abovi thi building w uld appe nr to be 
more tffoctive and might evin bv thi notches suffice to 
taki up and guide sway any likely stroke In fact If 
wi neglect Ibe discharge from the rids Inti the field 
their effect la merely to provide Dm enslivt and most 
probable path for swh discharges nv may be attracted 
by the structure Tin discharge from Ibe pilnted ex 
tmmlties of tbe rods adds of course to the protective 
effect by slowly but continuously reducing the strain 
In thair neighborhood and therefore the liability to dis¬ 
ruptive discharge 
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Wk will next consider tlie question of the "fused 
miltH." In imtiire wo llml n number of uietnls In tlir 
el nil 1 of Nil if h which lire fUNihle nml which ran lie 



few dollurH u ton. If converted Into metallic nodluin 
on tlie one linnil nml cblorlue gnu on tin- oilier, one 
north Hpvcnil hundred (lollum pur toil, nml the other 
worth fifty dollars n ton, you enu nee there Is u grent 
iHiinoinlr gnln. The vnlue of the product Is out of all 
|u-u|wrllun tu Lhe cohI of tlie row inaterlnl, auil the 
iln-iipest wily to do it Is oloetrolytlenlly. We hare, 

I lien-fore, ..roue sodium works iiiiinurm-turlng Nodi- 

mu nml I'lilnrliic from sodium ehlnrldc. Hod him tluur- 
lile Is n Htrunger Milt tluiu Hodlum chloride, nail If 
mixed with tlie Inlter Is not <lcconi|KMed by tlie cur¬ 
rent, la-cmise It Is n weaker salt The sodium fluoride 
kcejsi llu- uieltlnglHiliit of tlie Imtli down, and euableH 
I hem to work It at a lower temperature, and thuH gel 
n In-tter return of sodium. The umm for mdlum In¬ 
crease greatly ns the price both down. Up to a 
eimple of years ngn sudluiu iimkerN were UHlng caustic 
MHlil fNiiltll), i-outing olnnit forty dollnrs n ton. Tliat 
was costly, anil Increniicd the price of the sodlnui; hut 
hy going lun-k (o the original sodium chloride, and Unit¬ 
ing elertrnlylJc methmlH hy A’hlch It could In- ullllxe l, 
Hr- cost of the mctnl lets counlderably decreased. 

f TiIi-Iiiiii t-lilorlile isriirs to u small extent in nnture, 
Iml hImiiiIiI projierly bo clawed ns an nrtUlelnl suit. 
We liuve here nu liili-rcstlug Illustration of mint n-r 
iih-iIhhI of electmlyxliig u fUM.nl unit. 'I'lie tiuth 
eoiiHlsta of the fuseil enlcluiu chloride, Calcium Is ho 
light thnt It flisitH to tho surfaec nr the bath, nml when 
It Ikinta It Is rxpoMKl lo tin- nlr, aud Is spt to taki- 
Ore. Hy pulling (lie cathode Just III conflict with the 
ll|i|wr siirfuco of tlK- electrolyte, the button Is deposited 
ugnliiMt tin- elect nsle, nud wlieu It reoeheB a given slxe 
Die olectrcMle Is lifted ii bit. The fused salt sets on It 
mill pmlcctH It from the air. By continuing lo alowly 
mine tho electrode, lls-re Is obtained an Irregular ro l 
of llie metal. You Imy the metnlllc ealelum In a stick 
hImiiiI inn- mid one-hair inches In diameter, Just os It la 
drawn away from tlie surface of the electrolyte. Metal¬ 
lic uisgnpsliiiu Is nmde In a similar way. With n 
aiMs-llk- gravity of 1.721 It Oonta to the surface. 1 have 
never seen any made In Hint way, bat I bear thnt lhe 
an me Arm Hint makes calcium makni metallic mng- 
nealuin In the same way. 

t’erlum Is used for Wclslmch gns mantles, which con¬ 
tain tliorlum nnd cerium oxide, Tig- residue from this 
innmifiiclare Is piled up high In the Welsbscli Com- 
luinv s ynnls al Gloucester. It Is about Imlf i-erlum 
oxide. Dr. Auer von Wclsbucli started In see If he 
mulil not utilise tills resldui-, aud 1 ih hegau by studylug 
the prn|K>rfliM of metallic cerhmi t<> ns- wliat useful 
pn>|s-rtlcs It might have, lie was Impressed by the 
strlklug property which It has of giving sparks, nud 
foniHl by exiM-rlment that by alloying II with Iren he 
could gn-atly Im-rensi- tlie spark-gtvlng pre|M>rty so iu 
I n make It usuful lu those lltlle elgur-llghteni with 
which we ure all familiar. The slloy used lu those 
lighters Is made from tls- waste cerium oxides dls- 
Mil veil III fused fluorldre. It Is |mt Into an electro¬ 
lytic lintli. In mmiewlmt the same manner as a chloride. 
Tlie otls-r rare ns-tsls (Untbnnuni, dldymlum) are al- 


the priscss. Tbs ores are so complex that the Opera¬ 
tion has not yet been made a commercial success. 

Electrolysis of solutions hi fused baths Is a principle 
which was discovered by Mr. Charles M. Hall, tod 
has been the foundation of the whole aluminum Indue- 
try. It costs considerable money to get pure alum¬ 
inum; hut If you do not get It pure It Is uselsm tor 
nmuy purposes, Mr. Hall was trying to decompose 
alumina (AI.U,) electrically, and be coucelvad the Idea 
that If lie could And some fused salt which would dis¬ 
solve It tho problem might bo solved. Cryolite from 
(ireenliUKl Is used fur that purimaa It looks Ilka wax 
or Ice; Its name "cryolite," means "Ice-stone." It fuses 
nt 1,000 deg. Cent, and wlieu fused It la as limpid or 
deer ns distilled water. Alumina dissolves In It Uke 
sugar In wutor. Take such a solution, put electrodes 
In, i«n the current through, and yon get out alum¬ 
inium. You have to ropJeulsb the ulumlna as the 
supply lu tlie bath becomes depleted. Tbls Invention 
uf Mr. llall Is the corner-stone of the whole slouilnlum 
Industry. There Is probably 100,000 borse-piwer being 
used to manufacture alumluluin. The output lost year 
was something like W,nuo metric tuns, of which about 
10,01)0 were manufactured lu America. The extent of 
this Infant Industry Is smaxlng; It replaces three to 
four times Its weight uf the metals with which It Is 
coui|iellng, because of Its very low sjieeiflc gravity. 
Tbe output of copper III tbls couutry Is now shout 
nuu,ouo tons a year, nisi Is nearly stationary; whits tho 
output of aluminium, starting with almost nothing, has 
been doubling nearly every year, hast year, Including 
Canada. Um- American output was estimated nt 00,000,. 
ooo luumlN. Tbe couunerelal Importunce of this should 
appeal to us. 1 believe tliat aluminium la going to give 
copper a hard race. There li considerably more mar¬ 
gin Tor reducing the cost of aluminium and selling It 
nt a lower price than there Is for cu|>per. When copper 
gels below eleven cents a pound, many mines have to 
stop producing; but aluminium can be laid at n profit 
at ii price lowor than tlie cost of one equivalent amount 
of m|>per. 

We now come lo tbe electre-tlicrnml methods and 
oloetrle furnaces. The electric furnace was first used 
to fuse metals. There are different kinds of electric 
famines; you can class them broadly lnb> resistance 
flimsies and an- fumaies. Heel stance furnaces can be 
Mibdlvlilml Into tlie direct-resistance furnace and (he 
Induction furnace. Tho dlrect-realatsnce furnace la one 
In which the material Is heated directly by tbe panage 
of the current through It, while In the Induction fur¬ 
nace It Is heated by an Induced current, lu the are 
furnaic, where you use the ire, there Is also some 
I>e«t generated by the resistance of the electrodes, and 
some by tlie passage of current In tlie materials, where 
the are Jnmpa to the materials, Tbe real stance of 
tlie an-, however, will acinnm for Ttl to 00 per cent of 
tlie bent generated. 

The fusion of metals was first tried by Siemens In 
England. He used a little erurfble, making the bottom 
of his eruelble one electrode of bis furnace, and tbs 
other terminal an electrode entering from above. Ha 
published his paper before the Institute of Telegraphic 
Engineers In England, because he could find no other 
scleutlflc society Interested to It lie rigged up s little 
automatic regulator to keep the ere constant and bis 
Idea was lo melt steel directly to the crucible, a end- 


tors tbe beet generated to them to toe mottea Mete* 
bath. Tbs circuittiou to sod out at tbea* registers to 
so active, because of the “pinch" tone hod Itt fitt** 
ant "squirt" effect that their tamperstur* doto |tot get 
excessive, end the heat generat e d to tbesa. to- rapidly 
transferred to tbe main both. I have seen this tontora 
working very prettily on brass and cote tnm,. pad I 
boiler* It bet as promising a future os any electric 

Tbe Btaseano furnace I* a typical aw red tattoo fer¬ 
ns re, it la uenaliy run by thraephue current the 
three am being kept dear of tbe bath of metal, which 
Is heated by direct radiation from tbe Sra ar Indirect 
radiation from tbs root Tbe tores electrode* ora a 
llttls above the surface of tbe belli, at equal angular 
distances and with on aw springing between them. 
But to practice the arc may easily peas to tbe hath 
because of tbe metallic vapors produced in an Utonsa 
heat like that Tbe air to tbe furnace becomes qalto 
conductive from tUleon, manganese, and Iran repot* 
so that you con have a 0 Inch arc with about VO volts 
across the plusts; It Is similar to a mercury are. 

Tbe Induction-furnace* of which there gw StTcral 
variations and types, are a great triumph of metedur- 
glcal and engineering art. I have the greatest raved 
tor tbe man who first built a furnace Ilk* a trans¬ 
former, with only one secondary turn, put a primary 
right to tbe center of that ring, and succeeded In keep¬ 
ing It cool enough so that It did not melt tbe Insulation 
mi the wire, and transmitting too magnetic flux through 
tbe Intervening space and matsrlala to tba metal 
which was to be melted. I regard the Induction-fur- 
naee as a marvel of engineering construction, and It 
was fortunate that It baa been token up by tbe Ger¬ 
mane. It was first worked commercially to Sweden, 
but was devised years before by Mr. Oolby, of New¬ 
ark, N. J., who tried It, but did not make It a com¬ 
mercial success. Mr. KJslUn, In Gyring*, Sweden, 
did It commercially, and then tbe Hermans took hold 
of It, and stock to It, Improved It, and with their 
great tenacity have overcome the difficulties end made 
tlie Induction-furnace better than I think any other 
nation could have made It Many have thought tost 
tbe Induction-furnace would drop out of too race, bet 
tbe German Is coming along with some farther Jjrn- 
procements all tba time. It Is better adapted tor melt- 
tog and keeping steel melted than for redoing to* steal. 
It It not very well adapted tor refining tbe steel be¬ 
cause of tbe limited surface exposed. Tbe Germans, 
however, ere overcoming even tost difficulty, and have 
arranged a large open bath to the center of their fur 
nice, e bath to tbe middle, where there le roam for tbe 
action of toe chemicals on the steel for refining It 

Mr. Paul Heroult wee the first one to melt steel com¬ 
ma rclally to an electric furnace. He wax not a state- 
maker; be wee an electrical engineer, and be used to 
say, "I do not know anything about steal, but I am 
going to lean.” I think be sueceeded by learning 
some short cute You know we frequently era ba edi¬ 
ct ppert by knowing too moeb shout a thing. He made 
a new fins, gad need tbe arc; be used It “without 
knowing tbit eotue thtugs eouid not be dim*” and be 
did them. Hie furnace woe nothing more hog lorn la 
outline than an open-baerto fernse*. His Idea waa to 
bulM a tilting opm-Bearfe furnae* and to put Me tow 
electrode* through tbe roof above tho both. Tbe tew 


lowed to siny In Im-mise they do not Injure tbe quality 
of the alloy. There Is no works uiunurncturing cerium 
st tbe present time In this country; but I visited inch 
works nt Trelhm-h, In Austria, Inst year, nod I under¬ 
stand that l>r. Kuttlogvr has been over here consid¬ 
ering where to put up a pleat to manufacture these 
Alloys from tbe residues which are to toe yards st 
Gloucester, N. J. This Industry employs three or tour 
IlmuMsnil workmen lu Austria, and there Is no reason 
why we should not have a similar Industry over her* 

1 nieiitkui slue here bemuse ■ greet deal of money 
luis been spent In trying to maonfsetnre aloe chloride 
nnd then to electrolyse IL The Idea la to treat toooe 
ctHiiplex sulphide ores which contain Due with chlorine 
gns, converting the sine Into chlorid* separating It 
from tbe other chloride* purifying It, end tbe forming 
of It a bath, electrolysing It and getting heck tbe 
chlorine, which la used again to toe early port ef 


bletol et • tlm* by electric beet. In some of ble 
teats he obtained about SO per cent thermal effldenef 
tor the purpose desired—L *, tbe beet to to* matted 
steel wee some 80 par cent of toe beat-eqnlvaleot ef 
tbe electrolyric energy need. His furnace never w mt 
into eomaserdal us*; but It was followed some twisty 
yeera later by tbe furnace or Mr. Heroult to tbe fievoy, 
France, who was the first to have toe Ida* of fteteg 
steel to a large furnae* Olrod also coca tructod a 
practicable steel-melting electric furnace, tad there ate 
several forms of eecraea f ul todnetSou furaaoa* Within 
the next five years Mr. Bering's reatstobca forages will 
also be making steel. Electric-fomare steel Is ngfffiy' 
replacing crucible steel; It will prebelily ragtece It en¬ 
tirely In to* next tau year* An stoffi «mM M b*» 
Med by a abort sojourn lb the e l e ctric faraoo* out the 
Uttar wID ooma Into Urge WMb edfragt to te* 
opeo-heorth steel ftneea oaA the HMSfir itoTtotefi - 
Mr. flaring's n tost oa c* fernoce esmtoatei'Matte 


of potting two arc* to atria* with the bath 0a an totor- 
medlete conductor, was noreC Hsr'mft petri'tog the 
Met of meftlng steel, by two electradsa to oa teeatrie 
furnae* paaatog tbe two ayes through.* Mere* 
•111c* 'to** Mr. BmoaltW ftw w e * has b*** tw»«gv»d 
upon or modified hr Mr, Olrod, who ffi»a only g*t 
«wT -’ttectwid* and eoatoweto teto towar Mtetofiter-- 
through to* batrtb of tea Tuteoe* ao that h* has tffilf 
00* are, and takea otto* emm torn* tee gfcK, 
trade running throe* tba jtoirte-fit#* BE: • 

toeetraded to' htoto* *» nan*-. mtetod,'''^M«ttr; 
down*aud town* to to*, ttef iffig-rthf ^j^tev,v 

HsHsiSISl WmB 

toectotool tetoMec Qa t ff, 
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to TWwtlo. * COtapOUdi to matal 
, «■• to pick o«t only a 

'-ftwtoaoaof Iterate* aetata, hot ttt.aoapoaads 
It l« made bp bringing * volatile bora 
'JteR Wft hMrageti (M Into an eiectricare, where they 
Mar heated to ■ very high temperature. The Hit If 


rwtora to the hydrogen to metal, and tbe rapon 
pntttoM we tallied before they hare a chance to re- 


tMpNtet »t la the atm operating principle ae la need 
to'.''tiie hxatton of atmospheric nitrogen In Norway. 
ThU bora la betng pot on tbe market for um In cnatlug 


'kiaadaottrl^'’ copper. Thin la one of the meet recent 
prodncttoee of the electric furnace 
. ft Jllagara Falla, Mr. Tone la redwing ordinary alike 


took me Into tbe carborundum worka at Niagara, 
ti toWe d tot a barrel containing something, and told me 
to. (now what It woe. I made two or three rain 
g a e to e a . awl be finally toM me that It waa allicon. 


It that time metallic tilkson waa quoted In commercial 
prletetata at H a gramma (|18 a pound), ne aald he 
treated to And aome oh for It BUkon la aoraewhat 
volatile, and 3S par cent of that which bo puta Into 
hli faraaea goea 19 In smoke lie la now making sill- 
00a at Niagara Talla to tbe ton. Silica la mined with 
Carbon, pot Into a furnace hated by a cmbon reslater, 
tfea mixture of attlca and .carbon being piled around tbe 
realeter, awl the- metal Altera dawn a round tbla reaa- 
ter and rune out aometblnc like slag. It la being caat 
Into v ran l* fnr uae in chemical worka. Tbua Ik the 
moat abundant elament on earth now commercially 
arallnMe at a price of about six or aeren cento a p iuml. 
One can only speculate aa to the future uaea of It; it la 
made from the cheapest material*; the reducing agent 
It cbwp carbon; and yon hare metallic allien from the 
electric furnace. 

The nine luduatry la attracting a great deal of atten¬ 
tion. It la, apparently, one of tbe leaat progressive 
of tbe metallnrgkal industries. Little bite of reb>rta 
are heated to a Ugh temperature, a few abovdaful of 
roaatod ora mixed with carbon am pot Into ouch retort 
and left there for 34 boura. Everything la done 111 a 
very bemmopatblc way, and yet It la ao dllhcult a 
metal to handle that It la only by bolding faat the 
ground (stood that It haa reached It* prcaont atntun. 
Tbe electric furnace atnc Induatry haa beau made sno- 


cwaful to Europe; there an worka to profitable opera¬ 
tion to Norway, Sweden, and Finland, while much 
toilful experimenting baa been dona la America. Last 
year 4,000 horsepower waa being uaed la producing 
aloe to Bca n danarla, and T.ouo bone-power baa been 
added atoce that. The flrme are very rellcetit about 
tlwlr metkoda; to fact, there la no reliable publlahed 
data about their prceeut type of furnace. 

Tbe manufacture of ferro-niangaaeee, ferro-tnnpten, 
etc., for making racial steels, la done almoat entirely 
In tbe electric furnace. Tbe oxide of Iron la mixed 
with the oxide of tbe metal to be reduced, with suffl 
dent carbon for reduction. It lakes about half a hone- 
power year to produce a ton of NO per cent ferro- 
alllcon, for instance. Tbe chief Beat of thin Induatry 
la the Baroy, to France, but the Induatry la gaining 
ground In tbe United State* and Canada, mul Impure* 
arc decreasing. Staaaano. to Turin, wa* U 10 first to 
make aoeh alloy*, ualng hla arc-radlatlon furnace, hut 
euormou* furnace* (Helfenateln'a) of 11,000 to 10,000 
bone-power are now uaed la tbl* Induatry, which thu* 
led up to the electric furnace manufacture of plg-lron 
and plg-steeL 

Tbe manufacture of tbe chon peat metal we lutre from 
the cbeapeot ore we Imre by electrometallurgical procure 
I*. I suppose, one of tbe greatest triumph* of eloctre- 
metallurgy. Tbe electric current can really be used for 
doing what la now done In the blHHt, and It I* l*»- 
alblo under aome circumstances to replnco It Ity an 
electrometallurgical furnace; that la tho ln*t trlinnpli 
of electrumetallargy. 

In one little place in Sweden that 1 visited two year* 
ago, charcoal waa getting acaroe, and they wore Im¬ 
porting coke from Kngland to ran their blmd-fiirnacca, 
and the quality of tbe product waa not tliat of Iron 
made with charcoal. They were much lnt«r«*twl In 
the electric furnace, because It require* only ono-thlnl 
aa much fuel to make a ton of plg-lron a* the blast¬ 
furnace. In their hUat-furaaeo*, with tile charcoal 
available, they coukl make TOO,000 ton* of plg-lron, but 
In tho electric furnace they could make 1)00,000 ton* 
with tho same fuel; so that waa one of the induce¬ 
ment* to use the electric furnace. Tho Swedes iqieiit 
a quarter of a million dollar* before they had a 
uncceaeaful working rumnee. They did llielr work In 
n moot scientific wny all through, watched tlwlr torn- 
lierature* and nil the condition*, and knew exactly whnt 
tliey Were doing all the time. A* a not result, they 


made plg-lron to the electric furnace aa cheaply aa 
they can In their hlast-furnacea. The Jem Kontoret 
(Iron Mutters' Society) bought tbe patent* for the fur¬ 
nace*, ao that they became tbe common property of 
all the Ironmaster* of Sweden, and they have boon 
putting up furnacea pretty rapidly. Tho lost une was 
deolgued fur 13,1X10 horse-power. It let* been running 
for nearly a year Ht from H.OOii boraoqiower to H,000 
horse-power, making Hi ton* of plg-lron per tiny. If It 
were run at full capacity, I think they could make 
100 tons a day, which la equul to tbe average capacity 
of one of their blast-furnaces. 

At Domnarfvet uud Uagfore, In Sweden, the same 
thing la pending. At the latter works they calculate 
that with tbl* large furnace there Is n margin of (2JVI 
per ton on tbo cost of plg-lnin. lo tile advantage or 
tbe electrical furuncc over tlwlr Idust-furnacea, so tbnt 
electric furnace plg-lron Is being made at a pram anil 
ebetqier than It could he imidr In tlie Idust-fumace lu 

The poMlblllty of making a predict from tbla fununi> 
which la not plg-lron, hut which, aa fnr us caiism con¬ 
tent la concernd, will luivc hi lie clnreod ns ateel, lias 
been proved. Tliat product, with less than two per cent 
at carbon, la In ronllty Inquire steel, and not enst Iron. 
It requires only a small nmnnnt of refining to bring 
It hi pure steel. With the excess of Iron ore present 
lu tbe furnace yon cun make a low-cnrlsm product. 
With electricity to furnish the heat, you can regulate 
tbe carlmn so as to make a prmlwi with only two per 
cent of cnrlsin. Tills 1* a poaallilllty with nil electric 
fnnince; but It Is uot a posslblllly with the blast¬ 
furnace. We can thus make pig-steel, with lean than 
two per cent carbon, which can be converted In tbu 
ujsm-henrth fnniaeo Into pure steel In about half the 
lime that tlie onllnnry product of the hlnst-fiirnncc 
take*. This will lirlug advantage* with which tbe 
blast-furnace cannot poaalbly compete. In tlie caae of 
the problem being workeil out, pig-steel will replace 
plg-lron fnr tbe innuiifncture nr ateel; tills opens up 
the possibility of tlie electric redaction of Iron ore 
going Into use lu plncea where otherwise It would not 
go If llm product were simply plg-lron. It niny come 
Into I lanadn or along our northern borders, where 
WBter-imwcr can be nblnlned cheaply, for there la tbe 
large expenditure of 3,000 home-power hours por ton 
nr pnslnet In Is- reeknned with. This will bo tbe next 
grint ndvnnco In Hie olpetnunetnlliirgy of Iran nisi steel. 


Artificial Production of Caoutchouc* 


Considerations of Synthetic Production of an Elastic Colloidal Substance 

By F. Willy IJinrichitcn, of the Koenigliohcs Nntional-Priiefunguamt, Berlin 1 


Tax quHtton'of tho artificial production of rubber is 
a pro Um, of tbe greatest oommarctol and soJeatific Im- 
portaam. The “ayntbetlo rubber phantom” which for 
■onto time past greatly agitated the ptontera and all in- 
ranted to the ooUaetfan of wild and plantation rubber, 
la atm ao present to the memory of all, that It hardly 
aaaus neeaaaary to dwell here upon the commercial Im- 
portaDoe of rubber synthesis. On the other hand, from 
« partiy stratiflo viewpoint there wa* prorated the 
problem of preparing for tho firet time, aynthetieally, 
a typieal eoOoidal nibstanoe and to dtowver relation* 


It i*th«refo*e evident that the above problem was eagoriy 
approeahed from various angle* of aatoaaeand taohaology. 
WhU* 1 am here giving a abort review of the present 
State qf tfcta rabjeot l aumt at the tame time limit my- 
reg to aetata! aamtaal main potato. Complete eore 
tidaretioai df the **bjte» to of wwas, out of tho quea- 
tfcOL otota * totoH pen*™ of the work aooomphabed 
to » v - — Ubomtoctaa oa tola auHeet to **«<*« 
(Wtettody avxflahto After Harris*, 1* Wa ptooter work 
nf im M teWW ta fi tote ton obomtoal aonatitutton of 


MtateDl aoostetara Oi«H«; aa a lJWimethyhwykloocta- 
'dttaeftte formula 

CH*.0-CH»XJH».Oa 

CkjCSaOHaO-CH, 

teWetatortoantooMR ftp gyntbaoto tit toe totewtlng 
'Wftdpftti freft too-Wa of fte tewty dtoeorered 




by William*/ wa* a ooloriea liquid which boiled easily 
' sod which oould be converted Into a rubhor-Uko mil¬ 
itant* by polymoritotion lu the proeonoe of aqueous 
hydroohlorle acid. TUden 1 had alao found tliat, in 
the same way, tooprene which, in addition to lieing formed 
from oaoutnhouo, Is produced by passing oil of turpentine 
through rod hot tube*, waa non verted by liydroeldorio 
acid or nltroaylohlorid Into oaoutnhouo. However, aa 
in spite of many repetitions under varying condition* 
of experimentation by other Investigators, and even by 
TUden himself, It wa* no longer poatible to obtain tbe 
■mg result; It was assumed that only a purely aoddental 
observation had been made, and that the material qh- 


not be determined to be oaoutchoue, waa not really a 
caoutchouc and that the statements of Bonnhardat and 
Tflden were baaed on error*. 

Aa a remit of the enormous Increase* of the price* of 
rubber during the last few year* atxl also because of the 
sealous aateatiflo attention to the oaoutchouo problem, 
partioulariy by Harries, the attention of a large cirote 
of people, particularly in the tndustrieo, was drawn to 
tho problatn of the syntbelie production of caoutchouc, 
The result waa, that Frit* Hofmann and Cart CoateUe,* 
**rr»H* of the Uberfeld Kirhenfabrihen vorm. Bayer 
* Oo„ aneetaded to 1909 to oon verting abaoJuttiy pure 
laoprece, wlS* they obtained by a new method, into 
OMUtohoao, by timply heating it in a otoeed tube, either 
by itself or to the preacoee of oertata other eubetanoee. 
A sample of this eaoutebooe was sent to Harries, who 
prevad with certainty by ehemleed teste that In this caw 
enoutoboae aetiaOy remlted, Btoea the proore* by 
whioh Bofmaan and Ooutelle worked was not yet known, 



ported in a lecture in Vienna’ on bis observations, stating 
that it la posailihi to convert isnprene into caoutchono 
by Inating It in a closed tube in the presence of glacial 
acetic acid. Harries deserve* Urn credit for being tbe 
first to publish a process which could be repeated, for 
converting isoproiui into caoutchouc. 

Afhw the lt&ll had once Wih started rolbng investi¬ 
gations wtiro also begun by others attacking the problem. 
Particular credit sliould also be oooorded especially in 
tlie technical interpretation of the problem In addition 
to the Klberfeld Karbenfabriken, to numerous individual 
native and foreign Investigators, and of Industrial estab¬ 
lishments, the Badlscbn Anllin unit Hodafabrik of Isul- 
wlgsha/er. 

Even to the original patent specifications of tho Klbor- 
feld Fartmnfabriken tbe raw material we* not limited 
to tooprene, but a aerie* of hydrocarbon* of related con¬ 
stitution waa toaluded in the scope of the observation. 
lao|irunn itself lias tbe formula 

CH,K3.CH:Cn fc 

I 

CH, 

It oon tains two neighboring double bond*, a ao-eillod sys¬ 
tem of "conjugated double bonds.” Other 00mpounds 
with conjugated double bonds, as was recognised by Hof¬ 
mann and Cou telle from tbe start, alao pooMreed aa doe* 
laoprene the aune property of polymerising into oaout- 
chouo-Uka aubstanoe*. Among tbeio we have for ex¬ 
ample, erythrene, C,H,: CH«<HI.OH.-OH t ; further di- 
methylbutadiene, C,Hi«: 

CH.^-n^H, 

I I • 

CHiCH. 

and many other similarly constructed substance*. 

Aside from the feet that beoauee of the varied natures 
of the raw materials there was possibility of obtaining 
a whole senes of different eaontohouoa, which of course 
must differ from -each other beeauae of their uhemioal 

• Onm tn„ 1810, vet. M. P- HO. 
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constitution, it «H also noticed th&t the proeeas of 
polymerisation Itself »u nueeptlble of variation end 
that oaoutobouae propered la various way* from the Nine 
raw material -would differ from each other. 

Harriet, and independently of him the English In¬ 
vestigator* Mathewe and Strongs', simultaneously ob¬ 
served that the polymerization la the preeenoe of metalUo 
■odium took plaoo with great velocity, but that the 
oaoutehouo obtained waa different from that obtained 
by beating alone. Furthermore, the ohemlsta of the 
Badlaebe Andln und Bodafabrik found that the result! 
were different when the polymerisation with sodium 
waa carried out In a carbon dlozid atmosphere. Another 
prooeee which waa developed In the Badiaohe Amlin 
und Bodafabrlk depends on the um of osonkla or peroxidi 
aa catalyiers. 

Aeoocdlng to the Und <f raw material and the method 
of polymerising, rubber* an obtained which vary from 
one another totally in their properties. The following 
eummiry gives, according to Holt's 1 * statements, a brief 


of whiah would have to very greatly exeeed that of the 
present robber plantation* From all tbsM prceaasN 
than win result soak large quantities of by-prodnnte, 
that their removal would give rise to even more dMSeelt 
problems than that of producing the oaoutehouo itself. u 

Even in spite of the last named diffleufrta* tbs quattlon 
of prlo* would cot be the sontrodlug oae If the previously 
mentioned objects were sooompttahed and if it wen 
poedble to produce by the proper choice of working con¬ 
ditions oaoutcbouo-like materials specially adapted for 
oertain pur poses. It oan be imagined that certain 
synthetic oaoutohouc* designed for definite pur p o se s , 
embodying a combination of wrtain favorable properties 
may surpaa natural oaoutohouc and may ba sold at a 
higher prioe. This has not yet been achieved. 

No sufficient teohnloal data have yrt been made public 
regarding the teohnloal adaptability of aynthetie oaout- 
ohouo. Aa far as known observationa on this subject 
go, it Is evident that synthetic oaoutehouo has not ap¬ 
proached the properties, especially the stability of natural 


<MbCg^)bMttet*» 

Tub cast of power required k the lsasrsfrkUte’ ef 
Portland cement roaches a Ugher percental at the 
total cost of production than to most as* ctM tadtt . 
try; and tnvaedgatlona aaetn to 
erly opfinted, there ia little ftatrom In Os powm to- , 
qulred by different typm of naoMnas Head In tea 
trocsM It ta therefore erldent that any redaction 
in tha costa aast ba in the directtuu of the power asad, 
and it ta believed tha; tha application of atoetHo power 
can ba made to materially redoes the expanse qt ■» 
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oaootohoucs non butadibmh, cju. 


Normal 

Oaonld 

Carbon dioxid 

oaoutohouc 

oaoutehouo: 

oaoutohouc: 

(by heating): 

Insoluble, 

insoluble, 

easily soluble. 

■wells up 

does not 

elastic, 

greatly. 

swrilup, 

vuloanitabl*. 

vary elastic, 
un vulcan liable, 

moderately 

etaatio, 

UQYukuluUfl« 


CAOUTCHOUC* raOM IBOFUHH, OsH*. 


Normal 

Oaonld 

Carbon dioxid 

oaoutohouo: 

oaoutohouo: 

caoutchouc: 

easily soluble. 


Insoluble, 

etaatio, 

greatly. 

does not 

vuloa Disable 

odly soluble 

■well up, 


after rolling. 

etaatio, 


etaatio, 

vulcaolsable, 

vuloani sable. 


CAOUTOHOUCS nOM DIH8TBTUVUTA0IHMS, OlHis. 


Normal. 

Oaonld 

Carbon dioxid 

oaoutohouo: 

oaoutohouo: 

oaoutohouc: 

easily soluble. 

■wells up, 

insoluble. 

not etaatio, 

only soluble 

doe* not 

oan only be vul¬ 

after rolling, 

swell up, 

canized to 

not etaatio, 

not etaatio. 

hard robber. 

oan only be vul- 
eaaised to 
hard rubber. 

difficultly vul- 

■^nlsaMa, 

eerily oxidlsaUo. 



caoutchouc: 
easily soluble, 
not elastic, 
difficultly and 

Incompletely 

vulcsnliable. 


Sodium 
oaoutehouo: 
soluble and insoluble 



review of a aeries of such varying oaoutebooo-Uke *ub- 

The scientific rignifloanoe of the above-mentioned 
facta 1* obvious. It was the first time that etas tic col¬ 
loidal materials were lynthstioally prepared. Thepoad- 
billty of obtaining materials having changing properties 
by changing the raw material and the polymerisation 
pro earn, that is, by oholee of the experimentation condi¬ 
tions, led to the hope that It must be poedble, as In the 
field of dyestuffs and odoriferous substances, arbitrarily 
to obtain materials of definite properties by mean* of 
■light changes which would be particularly suitable in¬ 
definite purposes. Just a* we an able, in the asm of 
dye*tuffs to change the tons of the dyestuff at win by 
the addition of oertain groups, etc., *o it lbould alio be 
possible in a dm Oar way to arbitrarily change the etaatio 
and aoUdity qualities of oaoutehouo. 

It I* entirely different aa regards the eoonomio im¬ 
portance of the synthesis of oaoutohouc. Should arti¬ 
ficial robber become a serious rival of natural rubber it 
must equal it In two respects: pries and teohnloal adept- 


rubber. Tha naaon for this maybe readily seen. Natural 
rubber, because of Its vegetable origin, contains a aeries 
of accompanying substances, for example resin, album¬ 
inoids, ate., which must certainly Influenoe its stability. 
For 'tla known that do-rocinifled oaoutohouc la far more 
readily attacked by the oxygen of the air than caoutchouc 
containing ream. It la poedble that the accompanying 
substances act aa protective colloid* which lessen the 
sensibility of the pure material, hi a way similar to, for 
example, the prevention of precipitation of gold, ool- 
lotdally dissolved, by the presence of certain protective 
oollolds. 

Another naaon for the fast that synthetic caoutchoucs 
in their mechanic*! properties an not the equal of the 
natural caoutchouc may ba looked far in the feat, ao- 
oording to Btaimmlg’s" recent Investigations, that In 
contrast with natural oaoutohoaes, most synthetic 
caoutchoucs are not uniform compound* but mixtures. 
As Btrimmlg found, during tha oxidative splitting up of 
synthetic oaoutohouc, there result in addition to UvuHnlo 
sold and levullnJo aldehyde, whiah aooordtog to Harris* 
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complete replacement of natural rubber by artificial, aa 
in the case of indigo, aliaarin, etc. 

As regards tha prioe of synthetic oaoutohouc, this ia 
first of all governed by the oast of preparing the hydro- 
oarbons of tha isoprane aortas whiah sarva aa tha raw 
materials. In this respect : great progress has un¬ 
doubtedly been made in the most reeeot times. A pro¬ 
cess of tbs BadlsobeAnilln und Bodsfabrik which depends 
on oertain fmstioss of peteoteum seams to promise special 

Additional raw materials an among others, starch, 
amyl alcohol, oil of turpentine, acetylene, etc. In spite 
of the gnat pains that have been taken in order to in¬ 
crease the yields of the various r e en smss. it must be said 
that tha derived goal has not yet bass reached. A* re¬ 
gard* the prioe of a serious competition of the artificial 
with plantation rubber ia not yet to ba thought of. In 
addition also the amount of oil of turpentine whleh would 
be required, is limited and its pries would soar with an 
increasing demand. In order to seours tha starch neoas¬ 
sary far tha world's demand of rubber, whiah already 
amounts to more than 100JJC0 metrie tons yearly, fields 
of oom of potatoes would have to be planted, tbs extent 
•Aim., ten. nL sat, a me. 

• ©cross** WssHni M. tasns. Om, ISIS, reL ag/p, 1AM. 

•• k. mens. Otem. mi veL r. a in. 


tion of a small amount (30 per cent) of tha l.ft^ om jpouad, 
by abnormal wnwbuiaation In addition to tha n 

1.6-dbm. ‘ • I 


to by tha di 


dtaosvsred ia natural eaoutehooa. Uetfi 1* la p 
to n adjust the conditions of polytasrita ti on tfa 
synthetic caoutchoucs also rep rsaa 
d ba eipaeted t* 
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The Chemical Industries of Germany—II* 

An Historical Review of Processes and Conditions 

By Prof Perrj F Frankland, F R S 

( (included from Mcibntihg Akkkilan BurPLWirNT No 2019 Page 190 June 10, 1915 


(lini any appears to be alone in possessing vast dc- 
I ohiIu if potash nils while the enormous value of 
llis it agnoullun wai Aral demonstrated ly Liebig 
and made pubbi by him in his Application of ( hem 
win to \gm ulture and Physiology in 11440 Thu 
work may withe ut question be regarded as tlu founda¬ 
tion st m < n which agricultural chemistry has been 

II ill mU d lejxsuts (if potash nits were ai idi nl 
ally dis v nd in 1867 when boring for rorksalt at 
Htamfuill near Magdiburg in Prussia lhur itt 

legun III 1811 bj (JrOnebcig and Adolf trank In 
1801 the ir In Uon of crude potash salts wss 2U0O 
U da in m2 it wss 11 000 000 tons worth *44 UU> 0110 
Nnutv | r ini is used as manure (about one third in 
Qirmom ilm If) and 10 per cent in industrks (about 
two thirds 11 mg w< rfcnd up in Germany for carbonate 
caustic mtraU alum ehromate and ohlorate eta) 
Amen a is now i xpe runenlmg with a new to obtain 
mg pafassnim ildurub from feldspar by the method 
used iu the laboratory for deUrmining alkalis in insulu 
bln silicate* and which ismsists in heating the silieate 
with a mixture of lime and nab mm chloride Whithir 
it has any e minen lal futnn remains to be seen 
1 his in a mailt r tf prune unportanoe in the United 
Htatts as potash salts are there used on an enormous 
scale especially for agriculture Ihui they ounxuiiud 
m IWIII HtawfurUi potash salts worth *4 20011011 in 
1010 S12.JUOOUO and in 1011 *16 200 000 “ 
Bxriosivrs 

1 have already mi ntionnd the importance of nitrates 
and of mtno at el and havt rtf erred to the emplounent 
uf the great part in ogre ulture of the remaindtr tho 
major part goes into the manufni tun of explosives and 
into the coal tar tokir industry 

Black powder or guupuwdt r u sat I to havt 1 n n ills 
tsivensl by Iht English monk ltugtr Baton (1214-1204) 
Gun-cotton was dnsovered by St hfinbein in Bash and 
( hnstian BAUt,er in hraukfurt in 184b 

Nitroglycerine was dis vt rvtl I v Subroro in Pi louro s 
lalsiratorv in Pans in 1847 mid first mauufailund 
on a large is ale us mi t X| I jsivu I y the Swede Alfnd 
Nils I in 1802 

The disruptive properties of gun cotton are gn-alh 
me derated by gelalimring by nuana of solvints (Mo¬ 
tt ne acetic ester al ohtil and tthir etc ) aud by mixing 
with mtroglyoenne balltuti materials bki curdiU 
and other smokeless powders are obtained there is 
ant lhur class of explosives win h combine great safe ty 
iu handling with euaruiuus disruptive effect Park, 
acid (discovered by Woulfc uf London in 1771) but 
Oral used by the krauth un ler the name of Melinite 
for tilling shells in 1881 sod later by the hngluih under 
the name of lyddite More retently this has lmen 
replat ed by trinitrotoluene Drat proposed by llaeuHser 
manu in 1891 for filling shells and used by the British 
Semite under the mark 1 N T It m even less atn 
■Hive to shook than piano sad Ammonal used by 
the Austrians for shelWlhng, is a mixture of T N 1 
with ammonium nitrate oharooal and aluminium pow 
der It is both very safe and very powerful TNT 
la mut h used for demolishing bridges It Is so insen 
sitive I > shook that it la not exploded on being struck 
by a nlie-ballot and when in a shell it withstands the 
impae t uf the latter piercing an armor plate u 

ft Ira-mUo-endmi obtained by klOraoheim enjoys 
llie unique position among explosives of having been 
discovered in this ouuntry It is said to be equally safe 
and even more powerful then trinitrotoluene 
Auuonliug to the late Oscar Quitman the production 
or nitroglyceniw explosives in 1909 was as follows 
United States 20000 Germany lOJOO England, 
8 100 Transvaal 8 000 Canada 0 000 Hpain and Portu¬ 
gal 4 600 Austria-Hungary 2 WO Franca 1 600 tons, 
Switserlanl Austria, Norway and Bweden, 000 tons 
oaoh Russia Italy Holland Belgium 600 tons each, 
Grew a 176 to us 

kxpkHives are if enormous importance also in dril 
bfo—in mining and engineering modern oxpioreve* have 
greatly accelerated progress and have rendered poanbia 
such works as the 1 attains Canal They an alto bsiag 


now employed with great advantage in afforestation 
for loosening the ground in which trees sre to be planted 
The manufacture uf explosives in Germany is very 
highly developed Tho total German production of 
40 000 000 kilogrammes includes dynamite explosives 
10 000 000 ammonium nitrate explosive* 10 000 000 and 
black powder etc 14 000000 kilogrammos Three 
were exported in 1908 explosives uf a value of about 
*6000 000 and in 1912 *15000000 

The world produi bon of explosives is now about 
400 000 000 kilogrammes or ten times the 0« rman total 
output Ureal Britain has at Ardser m Scotland the 
largest explosive factory (Nobel s) in the world eov 
ermg 860 aero* employ mg 1 800 men and 700 women 
and producing annually about 10 000 tons of all kinds 
of high AxpUsuvi a 

AHTirrciAi sun 

An eminently peaceful industry which is closely re¬ 
lated to that uf explosives is the production of arti- 
floal silk and oellulukl The manufacture of artificial 
silk has grown up during the past twenty-five years 
for this produet was first shown by Count Hilaire de 
(hankinnet at the l*ans Exhibition of 1889 he dis¬ 
covered the method of its preparation while a student 
iu the leole Poly technique at Pans and in 1891 farmed 
a i uinpanv at Beeaupon with a eapital of *1 200 000 ft r 
ill manufacture 

The chief kinds of artificial silk are (1) Nitrated 
Iillulose (soluable in alcohol-ether) silk (deni Ira lad by 
ammonium sulphidi) (Chardonnel silk) (2) Ammon- 
lotupnc oxide oeUuluse silk (1‘ouly Fremary or Urban 
silk of the Veroimgte Ulanxstoffabnk Elberfeld 1897) 
(3) Visoose-silk (( 8i in prosenoe of NaOH or Ca (OH.) 
on « Uuloee) (C roes and Be van) (4) Aoetate-sdk (acetic 
acid on oelluloae) (Cross and Be van) 

Germany produi es about 2 QUO 000 kilogramme* 
value about I0 0U0U00 exports 000 000 kilogrammes 
and imports 18U0U00 kilogrammes the imported is 
pnnr ipally alcohol silk due to disadvantageous alcohol 
lax in Germany Germany is the principal user of arti 
Baud rulk although the fundamental discoveries upon 
wlm h the manofae tore is based are largely due to h reach 
and English chemists I he world production is esti¬ 
mated at about 7 1100 UW kilogrammes 

1 he distribution uf the industry may be gathered 
from the fuUowmg France 7 faetonea Germany 8 
Belgium J England 2 Spain 1 Austria-Hungary 4 
Russia 3 America 3 Japan 1 

Great profits have been made out of artificial silk 
(sumo of the oompanies paid 60 to 100 per cent divi¬ 
dends) and the price has greatly fallen since its intro¬ 
duction from *7 per kilogramme in 1903 to *4 in 1000 and 
*3 (poorer qualities *1 60 to *2) in 1010 

The oellul m industries furnish a particularly sink¬ 
ing example of the manner in which ohemkial research 
and invention are able to enhance tbe value of the 
kindly gifts of the earth Thus 1 oublo meter of wood 
has value as fuel about *160 (after boiling with lime, 
soda and sulphite) as paper pulp *8 ditto as paper, 
*14, and as pulp converted into artificial silk *400 to 
•1200 

IWDUSTBIKS DXriHDIKT ON STSTaWTIO aBOANIO 
OIHOHII 

It ■ out of the profound study of synthetic organic 
chemistry which has been made dnnng the pact sixty 
yean- that the industries of artificial dyes, drugs, and 
perfume* have usssdwi tally arisen The earlier and 
pioneering achievements in synthetic orgaius chem istr y 
art mil distributed among tbe nation* of Korops," but 
during the mayor part of tbe sixty years the great balk 
of the djaaovreia* in this dorntin have bean made in 
Germany Organic chemistry u, perhaps, the branch 
of telenet Which more perfectly trite the German mind 
tod temperament It involves the posensnon at those 
qualities in whUh Germans are to pn-eounaot—the 
eapteity for taring an infinitude of paint, the wept it ty 
to anticipate diffieritia* «mi organise means to e u w n na- 
vent them It n, moreover, only pose!bis to make sub¬ 
stantial advaoot* In the problem* of organs lynHitrit 
if the master hit at bit d*N»tam a umber of richly 
qualified and docile aariatanto and appmetioaa, la n 
word, Us matter moat be at the head of a large and 
efficient school of rettareri It ■ in tha’potattmm at 
nth tehools of ret ter oh, both m tha unn er riti e* and 
In the c h e mic al factories, that Germany has by two 
gentemfaoas the lend of nB other aonntrire in tha wnid. 


While moat of the profeasore of ebemistry in Bntwh 
tioivereiUe* end colleges have under great 
and without any sort of encouragement been more or 
leas aueoeasful in budding up such tehools of reseSreh, 
which ere however by no meant slavish Imitations of 
tho German model the ohemkial manufacturers of Eng¬ 
land have with acme notable exception*, failed to 
establish anything worthy of the name of reaaareh 
laboratories in oonneotion with their works. 

It is In respect of the works research laboratory that 
three is the greatest oontreat between the chemical In¬ 
dustrie* uf Germany and thoee of other oonntnaa and 
it is not surprising therefore that the present war 
should have served to emphasise the das* of eheumat 
products Tor which Groat Britain is almost entirely 
dependent nn Germany u It is precisely those products 
—artificial dyestuffs artificial drugs and artificial per¬ 
fume* whtoh are the outcome of the works reseereh 
laboratories that are now in many oases unobtainable 
in oonsoquenoe of the catting off of the German sources 

The senousnere of the situation is apparent from 
tho fallowing figures relating to dyestuffs alone TOs 
value of dyestuffs oonsamed in England annually is 
*10000 000 and the value ot trade m which these 
dyestuffs ore employed is *1000000000, while up¬ 
wards of 1600 000 workmen are dependent upon these 
Industries The to til value of dyestuffs imported into 
the United Kingdom in 1913 was *9 400 276 of which . 
Germany contributed *8 054 106 

Perhaps the most ooneise way of conveying a super¬ 
ficial idea of these industrial products uf organic syn¬ 
thesis will be by mesas of the following classification 

I Artificial Product <—Colon first obtained from 
aniline by Range In 1834, by the action at bleachii^ 
powder Aniline oolora Mauve waa discovered by 
l'erkin in I860 and Magenta by Verguin in 1869 Aio- 
colom 11 were discovered by Urdus In 1869 and Intro¬ 
duced on on extended male in 1878 Tbe aao-eoofs 
have achieved an enormous importance and have prfae- 
tioally banished cochineal and logwood from the dye- 
works Some 2000 axo-oolora In nse Congo-oolon 
substantive cotton dyes were discovered by C BfitUger 
In 1884 

it must not be supposed that British color mono 
facturers have been Idle from the days of Perkin thus 
in 1880 a very original departure was made by Metres 
Read Holliday and Sons who introduced the prin¬ 
ciple of developing aao-dyaatnffi on the fiber with 
their an-ealled ingrain or iee color* Borne of these 
have achieved, a great success, thus 2 000 tons at p-nit¬ 
ron iline are now annually manufactured for the Pro¬ 
duction of utramUne-red and similar oolore 11 Again 
the discovery of primalin and the oolore which can be 
derived from it by A G Green id 1887, is another 

Kosrn colon were discovered by Coro In 1873 

II ArttfietdUy Produced Natural Product* —This group 
con tains substa nce * oocumng in nature end long valued 
by man The chemical nature at these substsnnes ha* 
been carefully ascertained by chemists who have theft 
daUbarately set to work to devise means for their arti- 
fieml preparation at neb a cost at to ecnnpeU With 
and ultimately supplant the natural product Thai* 
campaigns against the eammene hi the prodneto of 
nature undoubtedly constitute on* of the moat re¬ 
markable phenomena In the history of the world Bare 
In mind, it a tha production ond mpply to man of the 
actual prodoete at Natan, bat man cheaply than they 
eaa ba produced and npptiad by Natan brentf nan 
•odsavor* hare ahead/ been anecseaful on a vary large 

A Kareva (the iw ah tJ pnaople at the awdd* ml) 
waa first syatheamed by Graeb* ml imbregan fa 
1889 At tit* tin* at tins dboovrey, the world prodof- 
tioa of madder waa fSOJXXkOOO rirignnunaa not* <IM 
per emit t hnrn). rapnacatiag 0OOJWO to 760900 

had 20J500 heetana (flOfiCO are**) under maddernS! 
vatic, which apoa dhqppaarod after the fatrodarifii 

of tire artificial product. _“4 

e (Mr abaat etre walk rf tb* aareiai vahm *f *manff» 
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The production of artificial albarfn na: 1873, 
100,000: 1877, 760/000; 1884, 1380.000; 1000, 2,000,000 
kflograamte* (four fifth* of thl» n* produced in Ger- 

™*y)- 

( A grant number of most valuable artificial dyestuffs, 
flfaaw or lea* closely related to alizarin, but not oneur- 
lag In nature, have been pre pa re d by chemists, and the 
total vntne of the alliarin-eoJor export! of Germany at 
the present time i* about $5,000,000. 

Indite. —Thi* moat highly priied blue dyeatuff of 
both the ancient nod the modern world waa flrat arti¬ 
ficially synthesised by Adolf Baeyer in 1880, but It 
required seventeen further yean of unremitting and 
laborious inreatlgation in the worka of the Dadianhe 
Anilln nnd Bodafabrik at Uidwigahafen, and the in* 
vnatment of marly $6,000 flOO before laboratory ayn- 
thsria waa traailated into a eommareially suooeoful 
Industry, for it waa In 1807 that the artificial Indigo 
waa put on the market." 

In 1806 the world production of plantation indigo 
(100 par oent) waa 6,000,000 kilogramme*, value 820,- 
000300; four fifths of this waa British, obtained from 
1300,000 acre* in British India. In 1904 only 600,000 
acre* wa* under cultivation, and in 1913, only 300,000 
aerna (ace Table IV.). 


18SA87ni7.B4S.3a0 S8.ia0.000 ai.N7.7BO 
138,187 0,001,808 3.077JW 1.001.380 

BS.7BO 0,174.188 031,740 *.818,800 

40.838 3,783,038 300,800 8,430.380 

33.400 3,134,348 330,800 B.8C3.780 

10,0301 1,138.0001 111,800 10,487.800 


The prioe of Indigo (100 per oent) in 1897 waa $4 per 
kflograinme and in 1913 S1.7fi per kilogramme. 

By varying the ingredients in the Indigu-eyntheei*, 
many voty valuable dyes related to indigo have been 
obtained. Thus the chlorine and bromine substituted 
indigos are manufactured as oiba-blno, brilllant-indlgo 
and bromo-tndigo. Again with sulphur Instead of oxy¬ 
gen, thio-indigo-rod, and thlo-lndigo-eearlet are ob¬ 
tained. Moreover, by ualng the anthracene-grouping 
in the indigo-syntheses a number of most important 
onion have been obtained, e. Indanthrenee, of ex¬ 
traordinary fastness to light; allxarin-indlgo; algol- 
oolors (Hob. K. Schmidt), in all varletiea of oolor, and 
of the greatoat fastness to light. The disoovnry of 
three vahiablo dyestuffs provoked serious emulation on 
the part of the azo-ootor ohemisU, who responded by 
placing some very excellent new product* on the market 
under the name of benxolight cobra. 

A ntiq ue or Tyrian purple was perhaps the most highly 
priied of all oolor* In the ancient world. We know 
from PUny that this dyo was obtained from a rather 
ran .nsfl living to the Mediterranean, and which he 
desoribre under the name of "purpurea." Paul Freid- 
Under, of Darmstadt, succeeded in 1909 In extracting 
this color from oertaln glands of two different species 
of snail— * urn brandarit and mure* Iruaeriiu—which 
appeared to correspond to PUny'i description of "pur- 
pyrea." He removed these gland* from 12,0110 In¬ 
dividual snails, developed the oolor by a short exposure 
to sunlight, extracted it with suitable solvents and re- 
orystalliaed it from quinoline. Iu this manner he ob¬ 
tained only 1H gramme of the coloring matter, so that 
Ha extreme ooatUnrea, which Frridllnder estimates at 
about $10,000 a kilogramme, is not surprising. 

On investigating the ehemieal nature of this oolor 
he found that It was Identical with the already known 

are Ota 

achievements of offaaie synthesis in oonneotioa with 
-h f-^centlcal and prefumery products. 

The production of artificial dm** and perfume* is 
In general only a branch of the artificial color induatry, 
for in many eaare the raw materials are the same, 
while the methods of investigation and synthesis are, 
of eouree, identical. Bat whereas the artificial oolor 
Ind uatry . started in England, that of artificial drugs 
)a entirely of Herman origin, and may be raid to begin 
with the discovery by Uebif of chloroform in 1831 , and 
of chloral hydrate in 1833 . It was In 1869 that the 
chemical works of Sobering, on the suggestion of A. 
Ifrbmfch produced chloral hydrate a* a aommreeial 

*1^887 began the «eeprary of artificial antipyretic 
drugs, the rivals of the natural quinine. The first of 
Uw*. «•■ notiMria, the pfiopertiet of wWeh were 
dtoovend t cfM—trily to «oo*equano« of a mistake. A 


arronesoelysupporod to.u be naphthalene and was served 
out na u h for some pharmacological experiments by 
Kahaanad Hepp. On being taken, Internally, its anti¬ 
febrile effect waa observed. Fortunately there was 
enough Wt for analysis, and it waa found that the 
supposed naphthalene was the tong known acetanilide, 
which noon acquired a great vogue for thin purpose. 
About the same time uilipyrin waa discovered by 
Knoor, who erroneously thought that it was uliiunleally 
related to quinine, and that it would, therefore, not 
Improbably possew antlfehrile jiroiwrtles. Direct, ex¬ 
periment showed tiiat it did actually possum those 
properties in a high degreo, hut subsoquont rrsearrh 
showed that it was in no way ehemioally related to 
quinine. These and numerous other artificial anti¬ 
pyretics have been a great miunm of lnoomo to their 
inventors in consequence of the continued provaUmoo 
of influenza during tho paat quarter of a century. 

During the period that antipyrin waa protected by 
patent it was sold at $30 per kilogramme, while on the 
expiration of the patent the price was reduced to $5 
per kilogramme, whioh still aitows a good margin of 
profit. 

Theae diseoveriea havo led to tho systematic study 
by direct experiment on animals and human lmltigs of 
innumerable ehemieal compounds with a view of ascer¬ 
taining their physiological properties. The enormous 
amount of mosL laborious work which has been carried 
out in connection with synthetic drugs may lw gathered 
from the fact that up to 1912 about 5,000 artificial prod¬ 
ucts had been found to possess thorapoutioal value of 
ono kind or another, but, of course, comparatively few 
of these have permanently established themselves In 
medical practice. Time does not permit mu to do more 
than refer briefly to some of the simpler and 1 letter 
known synthetio drugs. 

Thus of antipyretics, which have or have liad somo 
considerable vogue, are: Antipyrin; tolypyrin (di- 
methyltolyIpynuuilouol; salipyrin (antipyrin-aidinylato); 
antipyrin mamlelatn (tussoi, for wlusiping cough); 
neopyrin; pyrainidou (throe times as strong as antipyrin) 
dlnvothylamirvumtipyrin); ontKobrin; phennnetln (cheap¬ 
est antipyrin oxcopting antifnhrin, about $1.G0 por kilo¬ 
gramme, and less poisonous than untifebrin); Lactophiiuin, 
laotyl-p-phcnetidine; aminophonaeulin or plicnoeoil (also 
has an antiseptic action). 

The above series derived from aniline affords a good 
illustration of the dopendonoe of physiological proji- 
erties on olicmloal constitution. Aniline itself is u 
powerful antipyretic, hut la extremely poisonous, owing 
to Its rernly absorption and action on haemoglobin. By 
introducing the acetyl group the toxic pmiwrtKM are 
much reduced owing to its greetar stability, although 
acetanilide is slowly hydrolyzed with liberalimi nr ana- 
line, so that after a lime the symptoms of aniline |xilw>n- 
ing may suimrvene. The ulxtervation that acetanilide 
is partially oxidized in the system to ptatninophonol list 
to derivatives of the latter being tried. Thus phenaeetin 
has been found to possess powerful antipyretics and 
greatly reduced toxic effeolH." 

Hypnalict .—Sulphonal was accidentally discovered to 
possess hypnutic properties in cunnoction with oxperi- 
menls on the transformations of sulphur compounds in 
the animal system. A dog, which had boon dosed with 
the newly discovered sulphonal, in Baumann's labora¬ 
tory at Freiburg, I.H., waa found to fall into a deep 
steep. 

More powerful hypnotics were found to result from 
Introducing further ethyl groups; 

(CH,)fC(80,.Cm,).. (CII.) (Ctll.)C(80,.(C,ll,), 
Sulphonal Trioual 

(C.H.) ,C(SO..e,H,), 

Tetronal. 

In oonneotioa with tho manufacture of sulphonal, l 
may refer to an Interesting difficulty which waa experi¬ 
enced by the Klberfeld Color Works owing to tho ap¬ 
palling smell of the meroaptan from which it is pre¬ 
pared, and of which Emil Fischer and Fenxoldt have 
shown that the human nose is still capable of appre¬ 
ciating 1/400,000,000 milligramme. In spite of this, 
German thoroughness has been successful in so perfect¬ 
ing the apparatus in which the manufacture is carried 
on that no nuisance is occasioned, 

Veronal (dlethylbarblturio acid) (K. Fischer and 
M*hig, patented by Merck in 1993) is ono of the most 
widely used hypnotics. Although it wm formerly sup¬ 
posed to be practically free from toxio properties, in 
reeent year* oases of veronal poisoning have been 
known to oeeur. 

AnUneuralfict .—Salicylic arid, one of the first drugs 
to be artificially prepared (Kolbe, 1890), aoetyl-sril- 
eylia arid (aspirin), and ntol (pbenylsaiioyUte), though 
extremely simple synthetic products, are almost ex- 
glusivaiy made in Germany, with the result that their 
pries has now greatly increased. Even synthetic phenol 
which to necessary for the above preparations, wa* ex- 
elarivaty made in Germany and kept down the price of 
Tt 11 - phenol. The pries of phenol has now enor- 

- mi r i—i—"— ° ttv. 


mously Increased from 7 oent* pur pound to 33 cents 
por pound, and is likely to gn higher. (Pkurm. Journal, 
1916). 

A nil-gout dreg* (Uric arid solvents).—lMperaxine 
(dtscoverud by Hofmann in 1890), lysidiue, urotroptoe 
(hexamcthylcno telramino), atophane (a-phcnylcin- 
chunic acid). 

Kupraremnr.- -This is of epwiul interest. The active 
principle of the suprarenal glands known as adrenaline" 
hail for somo years been found to bo of great value for 
increasing the blood-pressure, contracting the blood¬ 
vessels, ami arresting haemorrhage. It requires tho 
suprarenal glands of 40,UK) oxen to prepare I kilngmmiuo 
of adrenaline, but this substance has liuen artificially 
synthesized hy F. Htolz, anil is put on tho market as 
auprareiiitut by the llOelist Color Works. Tho syullnwcs 
of adrenaline may he pnecutod thus: 


Natural adrenaline is laevo-rotatary; the synthetio 
can be resolved by tartrate; the laevo is fifteen times as 
jeitenl as the dextro. 

The German color manufacturers are organized into 
two principal groups or trusts (IntorettMuigomeln- 
sohaften). (1) Badiseho Cnmpauy, of Ludwigshafcn; 
Bayer Company, of Klberfeld; Beriiu Aniline Company. 
(2) Caswlla Company, of Frankfurt; Mela ter, Jniuius, 
uud BrUuuig, of IlOolist.** 

Tho shore-capital of the above two gropus in 1911 
was $40,009,(190 paying a dividend or 25.8 por oent, 
and probably now about $69,090,009, dividend 28 per 

In 1800-79 Germany imported about $12,500,090 
worth of dye* per year, white in 1912, Germany ex¬ 
ported about $50,090,000 and produced about $02,600,- 
000 of dyes. 

Tho composition of the personnel who carry on these 
German oolor works is at tho bottom of their success. 
Take the works of Messrs. Meistor, Lucius, und ltrfln- 
ing as an example. In 1913 tho ooinpoaition wan as 
follows: Wurluuen, 7,980; mauagers, 374; expert chem¬ 
ists, 307; tuohnulugisU, 74; uouunereiul staff, 011. Con¬ 
trast with tho abovo tho fact Uiat the six English fac¬ 
torial now producing dyestuffs employ altogether only 
lliirly-flve ohemisU, while evidence of their relative 
aolivitiee is again furnished by the oiroiimstanoo that 
between 1886 and IWK) the English firms took out only 
eighty-six patents, whereas die six principal German 
firm* were responsible for 048 during the same period. 

Having shown that Lheeo Gorman ouai-tar color manu¬ 
facturers are without rivals from the commercial point 
or view, 1 feel it to be my duty to point out also that 
their industry is earned on under conditions of labor 
winch ore highly creditable to the management. 


Purchasing Coal on Heat' Unit Basin 

It hi Inevitable llist Urge users of coil will Insist 
more und more upon contracting for their fuel supplies 
on sonic basis other Hum tlnti of a set price per tou. 
lu spite of certain objectionable features uud sums oppo¬ 
sition, which Is not wlLhout cause for Its existence, tliere 
lh evidence of a steady Increase lu the use of what Is 
generally termed the "beat-unit basis'' for tbe purchase 
of call. A simple lllustratiuu may Hervc us uu cx|iliiun 
tlou of this tendency: Three Illinois 8lute institutions 
with substantially the same shipping rate received bids 
on cud supplies frum dealers A, B and (J, their respuu- 
tivc prices being $1.40, $1.72 and $1.43 per ton. New, 
us subsequently proved to lie tbe cose, A was able to 
deliver, anil did deliver, coal with tin ash and moisture 
content of 21 tier cent uud a beat-unit value which en¬ 
titled him to a settlement price uuder tbe contract of 
ft AC per tom Tbe deliveries by B, contained hii ash 
and moisture total of 30 per cent and a heat-unit value 
which resulted In a settlement price of $1.12 per ton. 
Hlmtlurly, (J with a total ush and moisture content of 
33 per cent was entitled to a settlement price of $0.97. 

It Is seen that dealers A and U estimated their coals 
at aulistaiitlHlIy the same price, say $1.40 per torn The 
Intrinsic values, however, which are at leant relatively 
Indicated by the settlement price, nro shown to have a 
difference of substantially 00 cents per ton. Similarly, 
dealer H, who estimated his coal as worth $1.72 per ton 
finds Its actual value, or at least its settlement value 
according to the terms of the contract, to be $1.12 or 60 
cents leas per tou. Tlie figures show also Lhnt a dealer 
may name bis price per ton with very little knowledge 
as to tbe Intrinsic value of tbe material. There la llttlo 
If uny relation between the price asked uud the actual 
beat value to be delivered. Illustrations uf such dlv- 
erepandai could be multiplied Indefinitely.—Bulletin 29, 
Illinois State Geological Survey. 


■ "Ovmia Goal Tor Companies," Tattle Mercury, January Mb, 
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Forging Shrapnel Shells* 

Some Details of Modem Methods Now in Use 

By Douglas T. Hamilton 


Within tbe last few mouth*, many method* have 
Ixvu HuggvHtrd (or making Hhrapnel forging*, but a 
(iimiwniilvel) small number have been pat Into me. 
I'nnt bully tqenklng, no two govornmuuUi have adopted 
tlie Hume uiellmd. Tbe Ituudau guvummeut use* double- 
acting hurlxuutal hydraulic forging iiimm lu which two 
operation* are performed at the same time on different 
forging*. For Instance, while the punch In one end of 
Ihu machine la piercing a heated billet, the ram on the 
return atroke perforin* the hot drawing operation on 
another shell basted at the opposite end of tbo machine. 
In I IiIh way u nlicll 1m completed at each cycle of tlip 
machine—forward and return atroke. Tbe French gov¬ 
ernment, up to a Nburt time ago, wed steam hammer* 
for (hi* purpose, and produced Hhrapnel forging* In 
practically Uie name manner a* a drop-forging 1* made, 
the punch being curried in tbo ram of tbe wee* and 
the ille held on the bed. Thl* 1* rather a Blow |>rocem 
and require* more than one healing to complete the 
forging. The Herman government noea a horlaontal 
hydraulic forging preo* for piercing tbe billet and a 
alcuni-driven machine for drawing the forging, which 
receive* U* motion from a rack and pinion. Thl* 
method hu* tbe advantage over the hydraulic prem of 
iH-Ing more economical In the consumption of power. 

The practice followed by different concern* In thl* 
country and Canada, at the present time, dlffera to ■ 
large extent Home manufacturer* are ualng a method 
that datea back as far a* 1H90. Other* are using a 
more Improved method developed about 1396, whereas 
about three concern* are ualng a Kill more Improved 
nu-lhod developed In I be last three months. 

The Brat method (known aa the Caloy process) of 
making nhrapnel forgings In tblH country bad It* Incep¬ 
tion alMiut 1800 and was used almost cxcliudvely until 
INUO. This cuuiprlaed a slug-forming and liUlet-plerdng 
operation folluwed by a aucceaslve reduction and elon¬ 
gation of the forging through drawing dies. The order 
of these operation* Is shown dlagrnmmatbmlly In Fig 1. 
The Information given herewith pertains to the making 
of a forging fur a H-lneh nhraimel shell. As shown at 


U. a billet of steel 8)4 inches In diameter and 8)4 Inches 
loug was cut off from a bar with a cold mw, and timed 
Into a cone shape under a vertical hydraulic prsaa hav¬ 
ing a capacity of 100 tons. Th* billet was heated In a 
furnace to about 1,900 deg. Fahr, dropped Into tbe lm- 
prewdua In the die and forced into shape by a hydraulic 
plunger having a depression In the lower end which 
centered the blank. Tbe result of this operation la 
shown at F. 

The next step was to anneal tbe billet, after which It 
was pierced as shown at C, and at tbe same time 
slightly elongated. This operation was handled lu a 
hydraulic press, (hi a 0.7b per cent carbon steel billet 
the pressure on tbe punch In the piercing operation was 
191,000 pounds per square Inch tnd the machine used 
wu* a vertical hydraulic forging prrea of the type re¬ 
ferred to having a capacity of 100 tuns. From tbe pierc¬ 
ing operation the forging was taken direct without an¬ 
nealing to the hurlxuutal hydraulic drew press, and as 
U shown at II wa* located on a punch and forced 
through a series of drawing dies which gradually re¬ 
duced tbe shell to the correct diameter, 3% Inches, and 
drew It out to the required length, about 814 Inches, 

A twist worthy of attention la Uw preparatlou of tbe 
nine-shaped billet. The smallest end waa nude slightly 
smaller Uun the smallest reduction die In tho series, 
The reason for Ibis was that If any drawing were done 
on tbe end of the shell the front corner would be drawn 
over and deformed. Increasing (be amount of machining 
required. Tbe drawing dies In this can* were nix in 
number, as shown it H, and were reduced on n sliding 
scale of the following proportional reduction*. First, 
II.1U0 Inch; second, nm Inch; third, 0.000 Inch; fourth, 
0040 inch; (lfth, 0.030 Inch; snd sixth, 0020 Inch. Thl* 
gave dies of the following Kara, In Inches, starting with 
the largest In the series: 3J158,1270, 1210, 1170, 1141 
and 1121 

The drawing punch was lubricated occasionally with 
graphite. After drawing, (he forging la annealed to ob¬ 
tain tbe proper physical qualities. This method of 
making forging* fur s H-lneh shrapnel *hell Is capable 
of producing 400 In ten hours. 


Abort 1888 Urn following aAod, know* ag tha Hoi 
Uaasr nrooasa of making ..vanoel flailiHr ins nrrhrtl 
Instead of making tbo Mttat oottienl ta *aps Mfam 
planing, this preliminary operation wag dtagoWnd Wit*, 
and to facilitate tho watt, ms w*B aa to rednoa tha We- 
tknoftha flowing metal, tfaa am ng wa rt of tbo pW 
log punch and die was etiangad Tbb f o es a a tr shown 
In Fig. % and waa aaeoaptlabad in a hydraulic press 
provided with two cylinder*, on* Iocs tad at the bottom 
and tbe other at tbe top of tbe prea*. 

Tbe operation waa aa foDowa: Tba die a waa bald ta 
a movable frame » and tbe pis tm e anted (tret Tba 
Bret poettloo after the billet wu dropped Into tbo die 
la shown at B. Here tbe die o and punch 4 remotoad 
stationary while tbe piston o daaooded, paaklng tbe 
billet through the die and over tbe punch. When tbe 
piston reached the eml of It* stroke, as show* at 0, the 
lower cylinder began to net and tba frame carrying the 
die wea raised. This frame, ae shown at D, carried a 
stripper plate e which removed tba pleread billet from 
tlie punch and located It so that It could be picked off 
with a pair of tongs. A subaaqaent operation of hot- 
drawing aa shown at B waa required, which la similar 
to that described In the lint method. Tbe method Just 
described was used chiefly fOr 8- and 8-Inch shrapnel 
snd projectile forgings, and at tbe present time In still 
used for 3- and 8-ineh shell forgings. It requires much 
lees power and tarns out a better and more ooocentric 
forging than tbe method previously described. The pro¬ 
duction on 8-inch shells la about 180 In ten boon, and 
2fi0 on tbe 8-lncb shell. 

Tbe Increased demand for shrapnel within the last 
few months baa been Instrumental in bringing about a 
radical Improvement In the product)on of forged Sheila. 
Previously, the aim was to get the internal diameter as 
close as passible to tbe finished rise and to do compara¬ 
tively little msehintng on it; In fket, this la still. In a 
grant number of oasee, one of tha requirements. While 
■t first ft* do* this would appear to be the logical way 
of handling the work, on farther Investigation It Is 
found that tbe forging of the shell to the comparatively 
correct Kao Is much more expensive than to leave auB- 
dent metal to machlna all over. In tbe Drat plaoa, g 


♦ Reproduced hr coarteay of jgeaS ftn r y - 














Fig. L —HolUnger process of making shrapnel farcing*. 


the wound plaeo H to more cxpeuslve to operate. The method varies from 14 to A Inch on the Internal and 
cbeaiwat method of making a abrapncl forging to to external diameter*. The forging after annealing la t 
rough-forgo It to approximately the correct ahape and 
thou finish tv exact ahape and diameter in turret lathee 
I machine*. Thia aimpUfle* 


on turret lathee, 01 
matte chocking machine*. The accepted method U ti 
first machine the Internal diameter and then hold tin 
ahell on an expanding arbor and machine It on thi 


lug abrapnel shell*, and aa It ha* been conclusively 


f larger 


replaced and the dto-toUer slid In unttl It contort* with In the forging machine method, a bar a 
the atop L Tim prea* to now operated, and aa shown than the finished diameter of the forging to cat off, 
at B, advances, piercing the bUtot and making the matal making a billet about 014 Inches long. This billet, for 
flow up around th* walla of the pwoeb. a 8-lnch shell, weighs .boat 014 to 814 pounds. 

The pooch now retreat*, carrying the con trailing The billet to heated to a white heat In a furnace, the 

grid* e with It The dto-hoUtor to now drawn ont from temperature being about 2,000 deg. Fahr., depending < 


under the paock onto « bracket projecting from the bed the a 


then drop* «mt of the die, an to atoo the caae 
tabbed forging, nib Mock e, of course, to heated 
to a a n arifls ra bb axtant doe to the hot metal resting 
© that several blocka of this kind are provided. 
Dltd, 


In actual oi 


■tripped from It by the (tripper plat* / so that the guide longer than the firet and amalltr in t 


sss? 

tfcs dtefnmchDtod east Iron. The production of forg- Mown, being glreo oa e half torn after the find blow to 


I* mad* fm special hot pi 


km lor 6tto Method for a 8-toeh ahrepstol 
tttftattakmn. 

abmwf of metal toft for 


to 450 iierfwtly fonned rough forging* In ten hours. 

The die* for this work are, of course, constructed 
ujpon a somewhat different principle from the ordinary 
forging die. because In this ruse It to neceiwary to make 
(he metal flow upon the punches. The dies, therefore, 
arc so constructed that they recede as the punch ad- 
ranees, which tend* hi make the metal flow up on the 
punch. The practicability or this method to well Illus¬ 
trated by the samples shown In Fig. 4. Hero n to tbs 
rough forging Just as It come* from the machine, with 
the exception that the mouth baa boon trimmed. C to a 
Sort Ion of a ahell mado from low-carbon steel about 0.30 
per cent carbon; » to a ahell made from 0J50 per cent 
carbon, 314 per cent nickel steel. This has been roogh- 
tnmed, as the Illustration show*. The homogeneity of 
the forgings la clearly Indicated. A to a forging mad* 


n content and other constituents In the steel. 


of th* ffeaa. Tbs high-carbon steel, hardened block • and to then placed In the lower lmprasalon of the for* 


The machine used for this else of forging to 
a standard upsetting and forging machine prorided with 
* special crankshaft Upon being operated, the lower 
plunger, which to huger than the diameter of the pow- 
0 I* der pocket In th* shell, advances and pierces the billet 
this The pierced billet to then raised to th* next Impression, 
d the machine again operated. The second punch to 


The 

it to foroed up on this punch, which reduces It In 
■ until a fresh beatod bUM ha* been (tinmeter and Increases Its length. After the second 

. Imp reason the partially formed shell to than Disced in 

the third or flasl die Impression, where It is given two 


form It mere perfectly. The operations Jnst t 
■re performed with only one heating of the billet, 
and the production of a 3-Inch shall ranges from 400 


One of the most Interesting points about this method 
to Its cost as compared with shells made from bar stack. 
To produce ■ 3-Inch ahell from bar stock requires about 
22 pounds of material, and on metal coating 10 cent* 
per pound, a bar ahell—exrluslre of machining—costa 
&20; to produce th* same ahell on a power forging 
machine requires about 914 to 014 ponnda, and figuring 
an 10 cento per pound the cost for material la only (1— 
a earing of $1.20 on each shell. Furthermore, the pro¬ 
duction of ah* 11s from har stock on automatic ma¬ 
chines to a boat twelve to fifteen per day. The number 
of forgings that can be turned out In the same lime to 
400 to 400, and the number that can he machined In 
this time varies foam forty to fifty for 
It to therefore evident that the production of si 
forging to for superior to the har method, and (he forged 
shell Is more satisfactory from every standpoint. 


thro* operation*, and to handled In a No. 8014 
ipabie of exeating a pressure of 1.200 tons. 
A bfflet 314 Inches Is diameter by 3% lucbca long to 
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Fill. 6.—Dll (rim Illustrating flow of hot metal 
while being pierced. 

Iicati-d In ii furnace to 1,078 dvg. Fnhr. nnd then quickly 
placi-rt In tin- (lie shown at .4. The* press is operated, 
and the ihiim'Ii In drsccudlug pierces the billot, bring 
guided Ii/ the guide a, an shown at B, which also seta 
as a strlinicr. The forging retains Its heat to a certain 
eitent after this ins-ration, the temiteralure being alsmt 
1,380 to 1,42ti deg. Fnhr. This is sufficient to perform 
Ihe second minor operation which, as shown al O and 
D, consists In forcing the heated billet into the dle-block 
to reduce the diameter of the lower end and facilitate 
the succeeding ois-ratlon. This reducing operation Is 


performed with the same type of punch aa to aasd In 
the succeeding operation, and the dle-bloek to stoajdy 
laid oo tha top of a bolster while the rednetaf to being 
done. 

The Anal forming or drawing of the forging to accom¬ 
plished aa shown at B and F, the mem type of presa, 
being used for thla purpose. 

In the aanufecture of shrapnel aheU forgings, the 
drat operation to that of piercing, and to accomplish 
fhls satisfactorily, It to Decenary to understand the ac¬ 
tion of a piercing punch on a semi-plastic billet of atael, 
There are certain fundamental laws governing the flow 
of metals under pressure and a study of tfaeac to of ex¬ 
ceptional Interest An attempt has been made In Fig 
0 to lllnutrate dlagrammatically some of tbe principles 
Involved, and In the following dtocuaelou It should be 
understood that tbe billet to made from BO-point carbon. 
Til-point manganese steel, 6t4 by 8A Inches In diameter. 

At A a round-end tapered punch to shown In contact 
with the heated billet, and tbe lines show the possible 
(low of tbe molal, L e., the material commences to 
"isick" at tbe cud of tbe punch. In thto case the walls 
of the die are straight. At B the billet to being pierced, 
ami the resultftnt eirect on tire flow of the metal to Indi¬ 
cated. Here It will be seen that the pressure Increases 
as tbe punch descends, because of tbe wedging ection 
on the metal and the friction between tho surfaces of 
Ihe sides of tho punch and die. The pressure on the 
end of a punch of thto shape Is about 20,000 pounds per 
square Inch. 

iiy leaving tho sides of tho die of the same shape as 
at fl, but making the end of the punch square Instead 
of round and not tapered, different action to caused. 
When the flat punch, as shown at P, flret contacts with 
the metal, tho pressure required to greater than at A, 
but as soon as the metal commences to flow as at D, 
the pressure decreases. For Instance, suiipose the press¬ 
ure required at B to pierce the billet was 100 tons; on 


the same material at 0 the raqwbei mm worid bt 
only TO tom t dccreuo of ■> par mb! TO* metal, 
however, doaa not follow (bt rids* of 0* pvt* u 
closely at D aa at B, and thto icooonta la put for tho 
redaction of power required. Tha action of hot flewiag 
metal oo the face of a square punch to lost (ha reveesa 
of what would naturally bt expected. Instead of ths 
punch wearing away at the edge, the center first shew* 
■tons of wear as indicated at a. U sa m a are openad ap 
In a redial direction caused by ths hot metal attacking 
the softest parts In the face of the punch. 

Again, a different condition exists to that shown at 
B and Ii, when both the die and the punch are tapered 
aa shown at M. Here the friction of ths agU aflsd metal 
on the walls of tbs die and aides of ths punch to exces¬ 
sive, and It to practically Impossible to produce a satis¬ 
factorily pierced billet In this maimer. From a theoret¬ 
ical standpoint, the conditions shown at t are Ideal. 
Here tbe tides iff tbe punch ere straight the end flat 
and tbe walls of the dig taper or Increase In diameter 
toward the bottom. In thto case the friction of the 
flowing metal to greatly reduced because of the leaee u - 
lug of the wedging ection. Other considerations, how¬ 
ever, make thla method Impracticable. 

A still greater reduction Is tbe premie nec es sary to 
pierce a billet to shown at O. Here a square billet In¬ 
stead of a round one to bring pierced. In the plan view 
It will be noticed that the friction on tho walls of the 
die la greatly reduced, and tbe premure continues low 
until the extruded billet contacts all around with tha 
surface of the die. The completed product, however, to 
Inferior to that made from a round billet. From the 
previous remarks It will be seen that a punch and die 
that would best meet the requirements to one having a 
rounded end as at B, straight rides aa at D, and straight 
walla In the die. The most satisfactory punch and die 
for piercing shrapnel forgings when all the variable 
conditions are considered would be aa shown at B. 


Plating by Impact 

An account has been published of a metal Rpray 
process of plating, the Invention of a Swedish engineer, 
and from a potent recently Issued It appears that a 
similar process hits to-on lu conrsn of development by 
Ur. 11. Francis Jenkins of Washington, D. ft, bettor 
known aa tho Inventor of llio uow standard typo of 
motion picture projecting machine. 

This process euu iierlmps be best understood if one 
remembers that when mi electric lamp bulb gives way a 
discoloration of tho inside of tho bulb occurs; and also 
that when a fuse plug “blows" the mica cover to dbe 
colored. Thto color la black when the fuse to of lead,’ 
but It to a reddish color when a piece of copper wire to 


tlnuuwdy fed. A pair of small rollers actuated by ■ 
motor pulls the wire off the supply spool and projects 
It Hcroos the barrel until the end touches the opposite 
surface. The inner lining of the barrel nnd the pro- 
Iidling rollers are In series In an electric rirmlt, though 
Insulated from each other, so that a short cln-nlt Is 
formed between the rollers suit Ihe lining, and the wire 
is Instantly melted, and (he beat of the wire canoes It 
lo be thrown out of the barrel against any object held 
In position for that purpose. When a plurality of wires 
are used, or a flat ribbon. In order to cover a larger 
arm In a glren time, It Is found desirable to add s pro- 
lulling force, and thla la done by Introducing Into the 
barrel behind tbe wire a small charge of explosive gas. 


of the wires I goes to ths latch S, which is an electric 
switch controlling the motor (not shown) which actu¬ 
ated the rollera B through a flexible abaft. O to the 
wire to be volatilised, and J to a tubs which toads ex¬ 
plosive gas Into the barrel of the gun. A amall ball In 
the enlargement of the tube J near the upper and aarvea 
as a check valve, preventing “backfire" down tha tube. 

Tbe operation of tbe gun to perhaps almost obvious 
from tbe drawing, the wire O being fed forward by the 
rotation of tbe rollers H, soon comes Into contact with 
tho lunor lining B of the gun barrel and thereupon to 
Instantaneously melted. The melting of the wire ex¬ 
plodes tho gas which haa meantime entered the gun 


used. Thto would seem to Indicate some kind of a de¬ 



motor to operate ths feed rolls. 

posit resulting from the blowing of the fuse; that It to 
not completely volatilised. Under ■ magnification of 
300 diameter*, or more, minute particles of a copper 
wire are discovered, adhering to the cover of the fuse 
plug, and when a common visiting card to used for a 
cover instead of tbe mica, a decided deposit to attained. 
Bepeated charges of such a fuse result in a complete 
coating on the card. When thto surface to burnished 
Mth some smooth, bard object, a shiny, polished metal 
surface results. 

A fuse used in this manner to in effect a gun which 
throws out n shower of miniature shot so small aa to 
be Invisible to the naked eye, and thto would operate 
anccessfully for covering almost any surface but for tha 
annoyance of the frequent replacements with abort 
pieces of copper wire. 

Thto led naturally to tbe development of a special 
“gun" Into tha barrel of which a eeppec wire to con- 


L o., oxy-hydrogen gas, gasoline vapor, ether, or com¬ 
mon city gns properly mixed with air will answer. The 
melting of the wire explodes the chnrgn which projects 
Ihe miniature metallic particles, thut Rre momentarily 
suspended In the gas, against the nhject to be coated. 
As the wire la steadily fi>0 across the barrel, and the 
melting 1s Instantaneous, there nre time Intervals dur¬ 
ing which new charges of gns nre Introduced following 
sucemslve Ignitions, and a snccesalon of miniature ex¬ 
plosions following each other with rairtd frequency, 
something like tho exhaust of an automobile motor. 

It haa been found that object* of a great variety can 
Ik* coated In this manner and that any elerirlcslly con¬ 
ductive material can be used for the purpose. Coatings 
of loud. (In. line, slumlnlnm, Iron, crqtpcr, silver, and 
gold are readily formed In this manner. Tho different 
melting points of the different metnls la taken care of 
by means of an adjustable rheostat lu the melting dr- 
cult. A coll to better than a grid, for rest sons not neces¬ 
sary here to explain. 

Wood, metnls, fabrics, plaster, wax, glass, in tact al¬ 
most any substance, can be aueceaefolly cnatM. Metal¬ 
lic platings of one’* thumb can be taken In this man¬ 
ner. for It seems that tbe metallic particles, bring so 
veiy, very small, give up what beat they carry so 
qnleBy that no unpleasant actuation results, with wax 
or glue casta one can produce « shell of extreme thin¬ 
ness by melting out the glue In hot water. In like man¬ 
ner ribbon* of extreme thinness can be made aa a core 
tin non* process. 

One of tbe meritorious features of thto matbod to Its 



Diagram Ithwirattag gaosral c—atrs ti laa sf tha 


f«- 


great economy, for all of the best developed hi tbe barrel through the tubs J and tbe arinuto gtofaulM late 
melting of wire to usefully employed; nous of it to which ths metal fonos Immediately it to ateited are pro- 
wasted. Articles which would be destroyed la an add jeetod with vMna again* whatever to sat in frotot a t 
electrop lating bath can be coated, and coating by thto It and stick thereto. flqbasqaaat charges of three Ml*' 
preaere to many times more rapid than electroplating. note paUeta, so smair aa to be isvtoibto to the maided 
■Hie accompanying Hue drawing mnetmtes the gen* aye, strike on the rems gpot, forming a pretaaxrett *hl4 
cral cwrtructioncf the gun, B being the stock. A ths with the praoedtag ehargre until a bcsBcgrosoas ccdt «* 
harrel, lload with mica, as shown by tha heavy Woe* any t hi ck— dretoad restate, 
lias D, with a conductive lining B rioctrlostlj niwnmniait 
through one of ihe wtrre f to tha source of esnsat 
AMthar of the wing / to steetricaHy attodto fl » the 
**■ band and tha wlrwpngriltag nOmJL n* third 


T% reft g writer ta ttoTjMBmtosf ft* 1**$j 
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. , ] lfctidtfgfe* Arnttkaa Gu fiefiae 

r*>i WW rio«te tandem |U Mowing engine ever 
fljffi fe W totoi to Um United fitatoe wu on exhibition re- 
emttf it tt* worfca of too Meat* Machine Company, 
Wm 1>I4hIii 4 Pa. The tu cylinder* ire 46 Inches 
to diameter, fha ole cyHndar 84 Inches In diameter with 
t tog i tonJf of 60 todwa. The engine wlU nm at 
■I ■petiTcf from to to 88 nrolatkme per minute, do- 
tfoaffi&r upon operatkiw eondttleaa. The accompanying 
lu oaten tkm* show the pu eogtoe on the erecting floor 
of the Meito Madilns Company and giro* a good Idea 
of tone the engine win appear when finally erected at 
tfra Plant oi the Pennsylvania Steel Company, Steelton, 
Fa., whan It la to ha employed, beeanae the platform 
to the foreground la approximately at floor leeol tela- 
tin to the engine. 

' When gas-Mowtna o&glnea were first Introduced In 
the United States many objection! were rain'd on ic- 
toont of the great number of morion parts, but the 
view of this big machine, which show the valve op- 
anting side, proves that this objection la no longer 
valid. 

, The air sad Is equipped with Meota automatic plate 
valves, which require no valve gearing. The nee of 
them valves has made possible the placing of the sir 
cylinder in tandem with the gga cylinders so that the 
glr cylinder piston can be directly driven through an 
eHtsookm of tbs gas cylinder piston rod. This srrange- 
riwnt noted la much simpler than that of placing the 
dir cylinder on the opposite end of the bed plate to the 
go* cylinders, which method has been so generally used 
la the design of gasblowlng engines In the United 
States. 

The engine Is of the center crank type. A donhlo 
bearing bed plate Is nsod with this crank and results 
In on equal distribution of the stresses. 

At the present time a duplicate unit Is being built 
and more complete Information, with test results, will 
be available as soon as the engine Is put In operation. 


Death of Piem-Emilc Martin 

Pixanx-Kuti.a Mabtik, the inventor of thn upon 
hearth process of making steel, died on May 23, in his 
tfnety-flrst year. Ho was bom at Bruges, Auguit 18. 
1824. 

It was only recently that the Iron and Btool In¬ 
stitute. England, had awarded to Martin the Besse¬ 
mer Medal In recognition of his sorvioos in the 
manufacture of stool; and the statements made hy Dr. 
Arthur Cooper, acting os president of tho Institute in 
making the presentation, which was through a represen¬ 
tative of the French Embassy, toll very clearly the history 
of the developments accomplished by Martin, as follows: 

“Plerre-Emlle Martin (Fnurohamhault. France), the 
recipient of the Bessemer Oold Medal of the Iran and 
Hteel Institute, is one of the last of the pioneers con¬ 
nected with tho great development in the manufacture 
of steel which took plane In the Utter half of the nine¬ 
teenth century. Ho is the inventor of the pracess for the 
manufacture on a practical scale of open-hearth steel, 
for which his first patent was taken oat in July, 1886. 
The prooess, which consists of molting plg-iran with 
•crap steel and Iron oxide, has ever stone been known 
on the Continent as the Martin prooras, but to this 
country it is commonly called thn ‘open-hearth prooess.' 
The actual discovery that steel could he made in this 
way was not new. Rdoumur, in 1722, had already 
produced steel hy melting a mixture of pht-lron together 
with scrap and iron oxide, but Us experiments had 
never gone beyond the laboratory stage. Many metall- 
urghda subsequently endeavored to follow the method 
Indicated by Rflaumar, but tho difficulty of obtaining 
a sufficiently high temperature to the melting hearth 
proved an obstacle which none of them could overootne. 

“Tho invention of the regenerating furnace by Sir 
William Siemens ft length overcome this difficulty, and 
to the early sixties Pierre Martin began experiments at 
StrouD, In France, with a Siemens furnace of 1 too 
eapaeity. After many trials and disappointments he 
'at length succeeded to producing open-hearth steel of 
regular quality sad composition, and the prooess vss 
token up by two of the leading French steel works. 
The success of the new process naturally aroused tho 
attention of Martin's competitors, and it was not long 
before tho validity of Us patent righto waa attacked 
On the strength of Bdnmnurt prior puhhaotion of the 
results obtained 123 years eortkr, although there hod 
tod to no practical result. Martin, not having the mean* 
to defend the lawsuits brought- against him. was com- 
pelfed after two or throe years to give up the struggle 
tosfctft hto opponents and to rotfeu into private life. 
Far maoy years his orirteoes wo. forgotten, although 
'■ to pneMihad always aopttowd to bs amoetetsd with 
fcfe name. When it become known a few yosra ego, 
. thMHk 'An OOfelto dto Fargo* da. France, that Mr. 


had been denied to htm In earlier years, and at a banquet 
bold to Paris In June, 1010, lbs sted-maken of Europe 
united' to do him honor, and he was created by tbe 
French Government an Officer of tbe Legion of Honor. 

"By the time Martin had perfected his method, 
the Banemar steel-making process, which hod been 
invented eight years earlier, already completely hold 
the field, sad tho Martin prooess, especially on account 
of its higher oost, was unable for many years to mako 
much headway against its powerful rival. The Introduc¬ 
tion In 1870 of the baskvLlned furnace of Thomas and 
(HlohrUt, by whioh phosphoric Iran became available 
fur oonversion Into steel, gave a great impetus to the 
manufacture of steel In the open-hearth, and the pro¬ 
duction of opon-hearth steel (Martin steel) began from 
that time to Increase steadily. In point of quantity It 
has now far ont-dhtanoed that produced hy the Bessemer 
prooess, the world’s production of stool for 1913 having 
boon 74 million tons, of which 44 millions were msdo 
by thn Martin prooess and 30 millions by the Bessemer 

Light-Stroke* 

These Is id Itsllsn proverb, "All diseases conic In tbe 
dark snd get cured In the sun." Interpreted from the 
standpoint of modern bacteriology snd sanitary sci¬ 
ence, this statement has something to commend It, for 
light Is to-dsy recognised ns a potent defense against 
pathogenic micro-organisms by virtue of the destruc¬ 
tive action which It exerts on them. Light, however, 
unquestionably lws pathologic as well ns physiologic 
effects on higher organisms. Under ordinary rircum- 
stsners. wo are exposed to sunlight of moderate or 
moderated Intensity for limited periods. Exposure to 
Intense sunlight, on tho other band, Is hy no mentis an 
Inuoctious prnrvdure. Freckles are H familiar Imllra- 
tlou of a physiologic response to light, since they make 
their HPiiearsnce on (hose parts of the tssly which are 
exposed to (lie sun's rays. Predlsiswed Individuals 
react wllh more pronounced eiitii iiooiih symptoms under 
conditions In which sunlight Is believed to play H rftle 
as a causative agent. Indeed, the skin Is not the only 
organ which may react 

In this connection, the phenomenon of sunstroke Is 
at once suggested. This term Is, however, subject lo 
much confusion and misconception. Home of the 
symptoms attributed to II nre, without question, awto 
Hated with host exhaustion Induced hy clcvntrff tern 
per*tores. There Is some evidence In mmiles I litera¬ 
ture of the possibility of what Msnson has termed sun 
traumatism. In which Ihe heat regulation may not bo 
alone at fault: for precisely similar effects have not 
been observed sfler exposure In bent from surh arti¬ 
ficial sources as furnaces. In sonmlled sun trsumstlsm 
the morbid stale Is rhsracterlxed as s rule by sodden 
death occurring without a warning, Tbe sense of dis¬ 
tress In a hot snn Is not precisely like that provoked by 
s hot fire. This Justifies one In raising the question 
as to whether the sunlight ss such may not produce 
serious pathologic consequences, partlculnrly If the 
subjects have not become gradnally hnbltnnted to sun 
exposure. 

The photndynsmlc notion of rerlnln organic sub¬ 
stance*, to which attention has been called of Iste, 
may have a bearing on llio problems raised by some of 
the pathologic effects of light It has been shown thst 
Injection of suitable scnsitlilng compounds Into albino 
mice (which lack skin or hair pigments to protect them 
against tho direct action of thr light rays! renders the 
animals pecnltarly Irritable when kept In the light, 
though they show no untoward effects In the dark. 
Ilematoporphyrin. a derivative of the pigment of the 
red blood corpuscles belonging lo the group of Investi¬ 
gated photodynamic substances. Is of special Inlerrsf 
bsennee It Is actually known to arise In Ihe animal tssly 
under pathologic conditions. Tho symptoms which 
the animals trusted with hemsfotmrph.vrln develop In 
tbe light ire not duo In any Inhereiil loxlelty of the 
compound Itself. They ordinarily consist of lesions of 
the akin, accompanied hy subcutaneous edemas and 
other aevoro effects. These may nssume an acute or a 
chronic form and are not Infroquenlly falal In Ihelr 
experimental outcome. 1 In trials on himself, Meyer- 
Bet** boa actually demonstrated Ihe phntnacimltlslng 
effect of bdmiloporphyrtn on man. The most recent 
program In thla field la repn-sented hy Ilauamaun's 
ability to sensitise animals with porphyrin* to such a 
degree that profound reactions are produced Immedi¬ 
ately on exposure to light.* In his earlier work, to 
which reference has already boon made, the cutaneous 
1 «ymptome nanally were the first manifestations of 
abnormality, disturbances of the central nervous ays- 

• Jssftsl of tbe American Medical AnsocUHon, 

■Haassiam, W.i Ha ssssIMHsIsrends Wlrtmng dn Hires- 
toporpbyrles. Hodvo. Btsrbr.. 1810 . m. 816 ; fitriMrs- 
thmpfs, ISIS, hi. in. 

•UsyseHstsi Dwtseh. Arek. t. kUs. Med,, 1811, cxll. 4T*. 

■ Hxmsm**, IT.: Cebat dl* malMUsmda Wirt*** dtr 
fafet^to, fitoafem. tester, 1M4, tovU. m. 


trm making their appearance much taler. If at *11. By 
lUosmann** new technic It la passible to render ani¬ 
mats so responsive to the effects of light that as soon 
as they ore exposed to the rays they promptly enter 
Into s nsrcoati terminating totally In a few minutes. 
By treatment with the light of a quarts lamp, suitably 
prepared, mice manifest the chronic forms of this aon- 
elHutloo. The ultraviolet light Is also concerned In 
tbe change. Brief treatment with light from a quarts 
lamp may lead to necroaU. 

This Intensely scute mode of death by exposure to 
light has been expressively designated as light-stroke 
(McfttecMap) by ITausmann to distinguish It from the 
manifestations of true heat-stroke. It offers an exiwrl- 
mentnl analogy, perhaps, to the obscure harmful effects 
of sunlight which atlll await a rational scientific Inter¬ 
pretation. 

(ftarrapmitontt 

(The editor* ora oof rmpomfblg for HmttmenU reads 


Flying-Boat Halls 

To the Editor of the Scnomrio Amour an Hrmjcmnvr: 

In the Bciestifio America* SorrixursT of March 
flth. 11)1 n, Is an article by Mr. furl Hawes Bnlraan, re¬ 
lating to experiments conducted at Ihe Model BHsIn In 
the Washington Navy Yard under Ihe direction of Naval 
Unnstrnetor IT. C, Richardson, and s reisjrt, which has 
been published by the Langley Aerodynamical Labora¬ 
tory of the Rmlthsonlan Institution. 

Mr. Butmnn says: “A model wbh designed to nhrlate 
the defects of the flat wow- how type, by Introducing the 

V type bottom for parting the water rather than forc¬ 
ing It aside. An earlier model of the V type caused a 
great, amount of spray, and In overcome this the V sec¬ 
tion waa made full, hill ns this only Increased Ihe spray, 
the V aeetlons were made hollow, which brought about 
the desired itmiiIIh; holding the spray down. Increasing 
the planing effeet, and rednelng the resistance." 

I beg to make the erlMctsm that anyone reading the 
nlsive paragraph, and other imrtlons of Mr. nntman’s 
article, would gpt the lmprenslon that the department 
nt Washington hnd msdo some new discoveries and 
created radically new designs, rn other words, that 
this department had dlsrovered the advantages of hy¬ 
droplane hulls having a V section, nnd preferably con¬ 
cave V sections, ami, ns a retail! of such discoveries, 
had porfrelrd models which obvlalcd the defects of Ihe 
flat seow-how typo. 

It appears to me that Mr. Biitmsn'N article Is rather 
partial to the department at Washington lava use. If he 
Is famlllnr wllh the development of the hydroplane, he 
knows thnt the writer liml designed and produced 
hydrnnllc boata a nnnilier or yearn prior to the dale of 
the experimental work at Washington, nnd thnt such 
boats had concave V aeetlons 

I have read Mr. Richardson's report published hy the 
Rmlthsonlan Tnalllnllon. and also a similar paiier read 
hy Mm and pnbllshed In a lechnlrat Journal, and. In 
view of the tort that he attaches an much lm|nrtanre 
lo Ihe V type of hydroplane, think that It would hare 
been only tolr and a courtesy In kreplng with the 
etlqnetle of hts profession to have made some reference 
to my work In this direction. 

Mr. Blchardson In his paper gives Naval rVmutrnctnr 
Ilmisakrr credit for suggesting a formula, a mailer of 
Insignificance In comparison wllh the dlseorery of new 
principles and designs which have revolutionised high 
speed boats, and probably will be of Inestimable value 
In flying hoata. 

The writer s|>ent several years In France developing 
the hydroplane, beginning In 11107. and was the Aral to 
discover, design and build hydroplane I suits having the 

V section, and the flrsl to ndapt hydroplane principles 
to host shaped hulls. 

Aside from the discovery of principles. I produced 
prnrilenl designs which are closely copied to-day. T 
also pnhllshcd In English papers In limn and 1010 a 
number of articles gtring much Information enrertng 
Ihe hydroplane subject part of which hna been verified 
at later dstea by different rxiierlmeute in tho Model 
Busin at Washington. Wili.iam IT. Fiimn. 

Brooklyn, N. Y. 

A Correspondent writing to Power says: "A tele¬ 
phone receiver has been my constant friend for years, 
for varioua uses, one of whleh Is to mnnertlon with 
calipering, especially the work Inside nr engine cylin¬ 
ders. Tho meet convenient way la to have tho two 
sides of tho calipers toon la ted from each other. The 
work to tbe lathe completes the circuit, causing a click 
In the receiver. An ordinary pair of nallis-ra may be 
used with a cigarette paper between tbe work and one 
■Ida at tbe edUpan. 





Rendering “Promethean" with color*. A* the orcheatra played light of changing hue Ilia mined the • 


The Art of Mobile Color 

And a Discussion of the Relation of Color to Sound 
By M. Luckiesli 


Thk dream of un art of mohilo color In by no uicuns 
of recent ltiri.ll. Doubtless for centuries such a possi¬ 
bility haa dwelt in the imagination of artists and in¬ 
vestigators in color arirnee. Yet the realisation oT nueh 
a dream i* pertiaiw many yews in the future owing 
ebiofly to the fact that definite constructive investigation 
liaa not been dirooted toward Hie mysteries of tilt' emotive 
anil expressive value of colors. That moiiile eolnm may 
be employed in aueh a manner aa to make a Homcwhat 
similar appeal through visual pereeptiun as sound music 
doea through the aural apparatus, certainly appears no 
more Improhahlo than did the solution of many id the 
mysteries of ycalcnlay. The development of aueli an art 
pnilmbly will not be Ml to a single branch of science but 
experimental |wyohology musL furnish a large |inrt of Ihe 
constructive data U|ion whieh such an art will be founded. 

it is the objool of this brief urliehi to Huggcsl the 
general trend that the Investigation must take, lifter ills- 
eiissing some of (he sujierttciol attempts that have Ismui 
made to reluto isikirs and sounds. Therefore the sub¬ 
ject will be truths! from two vhiw|ki1ii1s; first as to rels- 
lion of colors and sounds, and second front the view|H)int 
of an art of ntultilu color, independent of any oilier art. 
The treatment from llio Ural viewpoint is not entirely 
one of clioieo. In fact ono inhireshsl In the development 
of an art of mobile oolor, independent of any other art, 
feels i'em pelt'd to discuss the possibility and juslifleation 
of sueh a relation, heeausn in the few instances that isdors 
have Isien related to sound muaki the superfkilallty has 
Isen quite apparent. It is significant that the names of 
lliese "inventors" are not found anioug the eiperimental 
im.vrhi.legists and other bivesligalors who are unearthing 
infnmialion that may some day form the fouudatkin 
of an art of mobile eolor. 

In 1H«I» J. H. MacDonald In a lunik entitled "Hound 
and Color,’’ attempted to relate sounds and eolnm by 
a filling to the "seven eiilnrs of tile ranilsiw" (I hi “seven 
noU-s in llio nuisiual seahi.” lie Iiii|hsI llml by sucli a re- 
latiou they “might prove to l>c pi-rfivtly analogous in 
their relative properties and effects eltluir in single se¬ 
quence. or In nomlilnatkin." His object was to make 
prw'tieal use of the principles of musiral harmony in 
painting, or in the association of colors in matters of 
drew nr deeoratinn, fainting as an art ia on a par with 
music, hut the latter as a science Is certainly in advance 
Ilf the line arts 

Kiniingten. a few yean ago, In a book enUtlod “Oolor- 
Muue," ii'iieatedl.v compares eukin and sounds owing 
to the fact tliat hoth "are due to vibrations whieh stim¬ 
ulate the optic and aural nerve respectively." He 
further states that “This in itself is remarkable as show- 
lug the similarity of tlui action of sound and eolor upon 
iib." He presents other "HimlUritliw" but In fiumesa 
it should he noted that he states that too muoh weight 
should not be given to them. Nevertheless, owfc« to the 


repeated citations by Itinilnglon of Ihose “similarities," titled "Promothoua” was rendered hy a symphony or- 
one concludes that they influence him innsiilerahly in ehostra (as described in tbs Seimtifie American April 10, 
developing his so-callisl "mlnr-organ." The same gi'nerul 1016, p. 343) with the aeeompanimont of oolnrs aeoording 
criticism applies to MacDonald's theory, as well as to to the “Luoe” part as written by the oompoaer for the 
practically all of the writings upon the relation of colors "Clavier .a lumieros.” No elua la given In the 
and mu «°- score regarding the oolon represented by the note* in 

There is nn phyalaal relation between sounds and the “Luoe" part, or the manner In which a “eolor ehord" 
colors. Hounds are tran»milU>d hy waves in a material Is to be played—whether by juxtaposition or super- 
medium, os proved by many experiments, light rays position. The latter la of f undamental importance in- 
are «up;wwd hy many to lie transmitted by a hypntkrtirnl aamuoh aa the eye 1* not anmlytieal, and a mixture of 
medium called the ether, hut scientists do not agn« the oolore of a "eolor ohord” resulto In a single hue. 
as to the existenre at an ether. Furthermore, the two Home of thoen responsible for the rendition of this mnain 
kinds of wavo motion that are uwxl, for convenience, to with the-color accompaniment had at dllhreat tfanaa, 
represent sound and light respectively ore neeanartly previous to the Anal presentation, aeoeptod both th* 
different, Isi'uuse the rnrnier eon not lie tsilarixod whilo ltimlngton soak) and the Scriabins node (thelatter having 
tlic lullcr can Itc. These few fundamental diflcroneria been discovered after the experiment* on the “oolor 
are suflleient to prove the futility of any claims that instrument" weni t well under way) os being properly 
sounds and colimi urn produced in similar ways. rotated to the music. Three oodes as shown In the tahls 

Now lei us consider Lie |s.reeiving organs. Tim ear is are quite different. In foot the ookirs repreeonM hy 

unalylii'ul Imcause a musleal chord can bo analysed into certain notes are seme times actually oomphiMnUrT- 
its isinqsineuts. This is nut l me of tlio eye; that Is, the The original acceptance of the ltimii^ton auala, la the 
eve is a synthetic iustruumnt inoapablo of analysing abeonoo of Hnriabtoo's code, as being adapted to the 
a color into its components. Many colors nan lie pro- music, and the Anal aooeptanoe of lie latter code, w hieh 
dimed by various mixtures of spectral colore. Fur in- was used in the public {mentation, shows that at the 
Mtanix. a spectral yeUow can lm matched by a mixture present time there is no definite relation between Qotoss 
of red miiI unsm spectral lights. The eye eon not dis- and music, even In the minds of artbtto lnterpratom ef 

tinguisli Is.twts-n these two yeltuws. This dHTeremw in music. It must not be-rfr* that the t» the 

two organs must necessurily influence the ohokm of a table bear any absolute relation to the eottamndfalg ’ 
fundamental mode of producing “eolor musio.'’ notea, for they do not. Those tWi^Wty with the sokmoc 

Uuuuully s musical composition hy A. Boriabinn eo- of eolor would hardly it pnbsbls that a 

po«r of music would bold the key to “ootownusto" 
they freely acknowtodae their belpkesnees In 
relating ootors and musical sound*. Wo on 
ignorant of the philosophy ef 
legorical power of mus)c,nnd 
power of oolon is ahnoot Jnfinitsly 
pointed to a failure hi Ihe rendition 
with th* aeoompaninyml of colon, and 
with ihe critics, after alto wing for a 
of oonoenjfttism and Inertia, the 
and etutoal sound*, wm 
log, and wjsstlrfaotcry. 
mental work ha* not yet 
a bash for 
of Ootors, 
to sound 
this bo 
to 
Of 
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•one of Uw etfon of tiw part, and to eugpst tbs pro- 
cedure for oowtouetive study with (he hope that It will 
lead to a definite art of mobile oolor At proaent there 
is ao art of mobile oolor, meager oonstraetive data an 
available than have bean hardly non than superficial 
attempt* made to peasant it psychological itudlee moat 
be relied upon to point the way toward ita de v elo pm ent 
tin field m worthy of cultivation there ere definite prob¬ 
lem* that rauit be atudied la order to obtain foundation 
material for building op an art of mobile oolor 


Deep Bed Red 

f rimeon VluM 


“etnotlve value' of oolon of atnuiltaiieoui and sueeoadve 
oaatraata In HH ftitn— and hue of rhythmic ee- 
qoeaeea In huee, tints and ihadaa it la interesting also 
to experiment with oolon in relation to mums How¬ 
ever. a ml* elementary proeedure m the latter experi¬ 
ment la to uee oolored light merely to provide the at¬ 
mo s phere ," and gradually to introdune the element of 
varied tatourity and pondbly rhythm Certainly It m 
C ar )mb pneumptuoua to uee oolor m this manner in the 
abeeooe of experimental data than to attempt to play 
a ‘tana* in oolon as a part of a musical eoore In pm- 
vwHpg "a tm osphere’ for a particular motif suoh super 
ftoW ■ mo Nat i onal relatione ae blue-groan for nppbi* 
water and orange-rod for fire (because artists paint them 
thus), are insufflntant It la the deeper emotional rela¬ 
tion that is desired wldeh eannot be determined with 
eertainty without many careful experim ents 
Is developing an Independent art of mobile color what 
procedure shall be adopted! Certainly the funda¬ 
mental experiments will be found In the realm of psycho¬ 
logy The aim of the modern artnt is not totally un¬ 
related to ths subject, and a group of soeh artists per¬ 
haps wwuld form a mote intenating audience for them 
agperimsnto The new movement in the theater which 
Is striving fog harmony in notion, hghbng and setting 
la not wholly unrelated to the subject under oonsidera- 
fton The study of the evolution of sound mode is 
Bktwia* profitable and encouraging A thought that 
Wtatafly eemes to ue is tins Is then anything In Na¬ 
tan that suggest oolor mostor Perhaps sensee foil of 
ooior may be euggntive of the "atmosphero ’ oolon for 
m enial compomtiwi*. Perhaps if (ha oyele of appear- 
sacaa ef sUoh a aoeoe throughout a day were oo mpw amd 
lata a period of five miautae it aught suggest what a 
eetajxntto ta the art of mobile color would be like 
Whm one begun tbe experimental work he is appalled 
at flm Cntarily of the work to be done Tbe available 
payVh oto gMJ ftentaro yields sosne int q reatmg Womu. 
tioa Saato Work on affoetion pertalfimff to colon baa 
>■■0 dans; Wrwhrsr, tbe work which ervsdtuaDy will form 
a Malta barit for i tawtepbm aA att of mobfle oolor, 
I—baguft. Aa an ffinrtratton of the ohar- 
aetpr «# the ctamrsitary mt|Mrim«aia to be pesformod 
the tala mate obtained from fifteen Obamv— on the 
famtotaw Am «htaa tafen an gfna ta the noeompany- 
Wr HMs rum * 


**■**« M*M*«t*t Ncerfy au the colors 
w ga ta b-tad »ma) at pomfeta Urn Mt oolon, 
^tlNfMri bl—»• »—>•—i—tat a wtoo nr- 
total*—fflMtH— tiataWNttmaaAadto 
—» WtM4uii>al|lihtimtmtHata»«rier <1 tfarir 
&** ttfMitMttltfMMtftaU—lbt 
keta*ft«ar n ) — ft* ft— «M*f, riooa 

ta fo t *P f jV* * **» 


which to ohooee The most saturated (pure) colon 
wen preferred and these were near tbe ends of the 
spootrum and also lDeluded tho purple* Them results 
agreo in general with those obtained by Cohn Tlradford 
Titehenar and otheti although these various invest! 
gators used different methods There is mine evident* 
that iubje< ta who are lorn capable of leolaUug the colors 
that la, more inclined to associate them with othir 
experiences prefer the tints and shades Bpaoe will not 
permit of a detailed aooount of suoh experiments but 
tiie foregoing is cited ae one of the ample means of at¬ 
tacking the problems to be solved before the art of mobile 
oolor can be supplied with a foundation 
All the known principle* of harmony and contrast 
of oolon are available for use by the pioneer in the art 
of mobile oolor The * emotive value ’ of various hues 
tints and shades of simultaneous and suoceamve eon 
treats In hue and brightness and of rhythmic sequences 
In hue and brightness must be determined While a 
oolor may be moat highly preferred among a large number 
of oolon the emotive value ’ of tins oolor u perhaps 
rather tow as compared with many other experiences 
For instance a deep blue oolor may be dmtinotly more 
preferred than any other oolor in a oortain group yet 
it nan hardly be compared in emotive value to a song by 
one of our opera tie artiste Ae Titohener states whin 
compared m pleasantness with s good din nor or the soent 
of s Bower the oolor patch will seam practically indlf 
furent Of eoursc the results of tmpresmons sre only 
relative and there is perhaps sufficient emotive value 
In colon alone to bring aueoaa* to odor moan However 
the foregoing point le of Interest In combining colors 
end sound mono. Certainly a ’color mstnum nt can 
not compete with a symphony orchestra, which leads to 
the tentative eonehuaon that color in suoh a (elation 
should he subordinated to the role of merely providing 
“atmosphere A oolor instrument of definite form ta 
conspicuous in its feebleness whan in the midst of s 
symphony orchestra Bueh a entietom apphes to the 
raoent rendition of Prometheus 
Ths mechanical construction of experimental appara¬ 
tus for studying oolor phrase* ’ is simple Two general 
method* must be employed at first In one tbe various 
oolon eomponng a oolor chord ' are sepuruted physto- 
aHy by playii* (he* on different part* of a white screen 
thus introducing the factor of harmony and overcoming 
the lack cl analytic ability of the eye In the other 
the component colon of a oolor chord ere mixed tjy 
enperpo rit wn Obviously in the latter case harmony ■ 
United to the p r esenta t ion of colors successively sod the 
predominant footer a composing color mu*» to be rood 
reed fay reek ta u—meat would be that of eoior- 
mhetare la the former owe the predominant factor 
would be that of the harmony of juxtaposed colon In 
both fwowduM the ritaMat of rhythm and variation 
la bri g ht *— aaa fa* introduced Both types of Imrtro- 
meuts bare been ex p e rim ented with by the writer, but 


Thee^estef tale ertleiekM been to petal out briety 


Radium Treatment of Lancer 

Tin \merlesn Society for the Control of (sneer 
hern that exagg* rated Ideas of the power if radium 
In the I return nl of cancer may result from the recent 
publicity given to thla agent In the dally press It ap¬ 
pears highly Important at tbe present time that the 
limitations of radium In the control of cancer should 
be emphasised as well as Its favorable effects In err 
tain cases Otherwise the familiar story of new hopes 
destined only to disappointment will again be recorded 
at the manse >f many unfortunate sufficer» 

I ho i untilvc effects of radium are practically limited 
t Mlay to superficial cancers of the skin to superficial 
grtwths of mucous membrane which are not true can 
cere and to some deeper lying turnon or bone etc 
»fitch are not very malignant The problem iff the 
i listllntlooal treatment of advanced Inoperahle cancer 
Is still untouched by any mithod vet devised or likely 
< he devised for administering radium Kven among 
the sin ailed radium cures It still remain* to be deter 
milled In miiny cases whether the favorable result Is 
permanent or Is to be followed sooner or later by tbe 
usual recurrence Tbe m wt competent surgeons db not 
dare to pronounce a case cured until firs yean have 
elapsed after an apparentlv succemful operation The 
same tost most be applied Infore we can finally drier 
mine the nal value of radium 

It slHuld be em| bastard eaiicclallv that radium can 
n it at pn sent exert any |iermanent benefit on general 
lied cancer and since cancer In a very large proportion 
of cases Is widely disseminated In the body early In 
the course of the disease this entire group f cases can 
expect no Important relief from radium Another large 
group of cancers Is comparatively Inarmedble to the 
application f f radium so that the ultlm lie nurse of the 
disease Is not effected althinbh certain lirtlons <f the 
tumor may be reduced In stie Again many forms of 
cancer although localised and accessible to radium 
grow very rapldlv and resist the curative action if thla 
agent so that no real benefit can he expected from Its 

Hie best results of radium thirapy can be snared 
inly Sian comparatively large amounts are available 
for usi anil tbe present limited worlds supply if this 
metal places It out of reach <f the great majority if 
patient*. It Is to be feared that much harm may result 
from nndue rellanco upon small inanlltles it Ivw grade 
radium when other methods of treatment wculd be 

Kvtdcnce of the paaalblc exti nt if popular mlsci n 
ception on this subject Is found In a pathetic letter 
recently received at tbe New A irk Health Department 
from a sufferer In Callfirnla who had simefavw ob¬ 
tained the Impression that Ihe t nlted Mate* t.ovcm 
meat was shout to parch** large quantities of radium 
from abroad Assuming that the New York city 
physician would have a plentiful supply the writer 
asked that some he sent to him r O I) without delay 
lug to advise him as to ths cost 

Under the term Vaneer are commonly grouped sev 
oral diseases whhh differ widely In nature causation 
and course*, and In their response to radium It re¬ 
quires both skill and experience to determine last what 
type of cancer one has to deal with ae well aa the 
advisability of using radium Hence It la extremely 
difficult to formulate an * reunite statement of the true 
position* of radium therapy but It Is quite clear that 
tag exploitation of thla remedy u a cure of cancer In 
fmaral te to be deprecated. 
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Floor Surfaces in Fireproof Buildings 

Reconi inundations in Regard to Material and Methods of Construction 


In Hreproof eoUNtnulIon. whether It be office building, 
factory, or liihlltullon, the qumtlun of tho t)po of floor 
surface to select and the method of construction to 
adopt la a moat lta|Mii tant one The constant tread and 
shuffling of feel cause a frtcllvu that It la dlfltcult to 
wlUwtand without serious wear 
h roni the conatiudion atafalpolnt, In a non combos 
tlhlc slim lure h cement aurfuee la In kce|iliig with the 
rest of the building and la naturally the Drat conoid 
oil'd In many Instances the cement concrete or grano 
llthle III an haN proud extremely satisfactory, while In 
■ilhers las hump of the use of Impiopcr const 11 uenta, of 
lnex|a>rt conati action or of Its selection for places to 
which It la not aduiited, It haa proved a dlmpiailntimat 
As a matter of fmt, no one (>i«* of floor outface la 
adapted to all conditions, while for any tv|*> tlml Is 
properly oelcHvil, the chnnalng of tho mktcrlal and the 
nmtiner of tbo iimatructlon will govern to a large extent 
the durability of the surface 

It Is the purpOM' of thla |si|ni to discuss briefly (he 
differ) lit kinds of floor Mirfacss, and to compare their 
various quantin', tlulr cost, and their adaptability to 
siwclfle con dll Ions This la followed by a more detailed 
treatment of the methods of construrUtig the concrete 
nr granolithic surface which have produced onllstactory 
results 

An engineer In consulting practice Is csllul upon fie 
quenlly not wily to dndgu anil construct but to Inc os 
tfacile defistlce oonstructlon and also to make special 
teals for the determination of the best methods to em 
ploy In a particular case In this paper are embraced 
not only the results of experience In flour construction 
and repairs, especially ns they relate to granolithic aur 
faces, but also the conclusions derived from special testa 
and Investigations made In connection with services as 
consultant on the superstructure of the New Technology 
buildings in ( smbrldge 

The selection of the type of flisir Is dependent on the 
character of the structure the nstiire of the wear, and 
the architectural appearance hvery building must la' 
cniuddi'rod b\ Itself Suggestions for the type of sur 
face to select sre covered III tho following pngeH As a 
preliminary guide, the malerlal snllablc for different 
conditions may lip given us. 

Basements (•raiiullthlc finish with troweled surfaco 
made with anmivrd materlsls and workmanship 
Factor) Fhsira tlrnivollthlc finish with troweled sur 
fare, hardwood 

Machine htopa llranollihlc finish with tiowclcd sur 
face, luvrdwesd un substantial base 
Ground Hoora for llotny Manufacturing Wood 
block, granvilUhlc 

Wsrehouses (Inunllthlc with troweled surface, 

asphalt composition, hardwood 
Offices Hardwood, linoleum on coucrete, mugiH'slum 
eom|Hsvlllon 

t'orrldora and Ilalls for limlllutlons and office hnlld 
lugs: Terrarso, granolithic flutsh with ground surface 
Kntrance ltovlllona Terrarso, morale, (lie, nslurul 

Class JtnonM, liecture Booms, and Drawing Hoonuv 
Unnleum on concrete, ginuollthlp wllh ground surfsce, 
listdwnod ntagnesluni composition 
Lsbnrafurhx Urenolllhle with troweled surface, 
inagncstuni comiaseltlon, tile hardwood 

lavvativrlea Terrasao, granolithic finish with ground 
surface, tile 

The above selections ato given In live older In which 
c holcc might Is- made ror the average building or room 
of each claw 

( IIASAI TESJHIICH 01- H4SMV SUSr.ll VS 

c liannlithk 1 nnrrlc4 Aa ordinarily laid In hulld 
Inga giauolllhlc or concrete surfaces are subject to 
dusting and under heavy traffic, such as trucking ire 
liable to wrloos wear On the other hand, experience 
with flrstclasa construction and tests of actual floors 
shows that It Is isvsslble, by proper selection of the ag 
grogstes and expert workmanship, to reduce tho dusting 
to an Insignificant amount and to produce a surface 
hard enough to stand even severe wear 
For factory floors, notwithstanding many envoi of 
Inferior construction, tho use of granolithic Is largely 
Inc i casing It la becoming recognised that the dura¬ 
bility *C granolithic Is In a very large measure depen 
dent upeta the sand or other aggregate* used In the 
construction and the methods of laying it 
The chief objection to concrete or granolithic surfaces 
•rt*m • pap*r read More tbs Americas Maty of Ms- 


By Sanford E. Thompson 

for offices, drafting rooms, claw room*, ami certain 
Isboraturie*. la that It U dull In appearance, hard on 
the feet for men standing all day, tends to break tools 
dtopped upon It, ami la not adapted to attaching seats 
nml other furniture readily, especially where they have 
to he shifted occasionally In certain col togas, however, 
concrete surfaces are used widely and highly recom¬ 
mended At Bowdoin and at the University of Wiscon¬ 
sin 11 la considered satisfactory for all purposes. At 
I In- I Diversity of Missouri tho newer buildings are all 
Is lug built with granolithic aurfHcee In oomc cullegre 
granolithic Is being satisfactorily used for corridors. 
Most of I be colleges favor granolithic for chemical, 
mining, and mechanical laboratories TM Lclinfi Nlsn 
fend, Jr, University slates that in tho mechanical and 
ciiglnectlng laboratories the men complain of hard new 
sml ioldness, requiring wood platforms far many places. 
In Mils university, however, granolithic tya been used 
In tlm chcralcsl lahoratmles for flflcen yreera with ex 
it llciil mMsfartlon It should be noted, further, that 
In (he mechanical and engineering laboratories the floor 
tests directly on the ground, while In the chemical Inbo 
tiilory thc-re is a warm room or basement underneath 
'I he life of a well laid granolithic surface under foot 
tralllr Is practically permanent. 

(Itannhlkit irUk Uiossrt Hur/arc Kx|ierlmental sur 
faces (ogethor with laboratory tests made ss a check, 
xltow that a plciudiig surface, niqiroacblng Irrrauo in 
Il'iwuranre and fullv ns durable under fool traffic, can 
Ih obtained hv placing granolithic with scsrrel) any 
trowelling, and thin grinding the surface Just enough to 
cxpoop the grains of sand and stone The grains which 
show are flner than In torraxao and darker colored. The 
npprarance. however, Is pleasing Removal of the scum 
taken sway the monotony of the plain gray cement sur¬ 
face, since this Is relieved by the various color* of the 
sand and stone A glmwy effect can lie produced if de¬ 
sired by the grinding which permits of easy cleaning 
and gives a surface suitable even for a lavatory at 
much less cost than tile or lenarro Ntlll further to 
give variety to the appearance tile can bo I da red In 
pattrnui nr as n border 

The University of Missouri, whlih refers to the dust 
from granolithic floors, liellevex that this difficulty 
would lie solved by grinding the surface Instead of 
trowelling NpeciflcsHons giving (he method (if laving 
llte concrete granolithic and grinding It are presented at 
Ihe pnd of thla paper From nlwervatlons or the time 
re<| id red for grinding the surfaces nnd allowing amply 
for delsvs tho extra cost for grinding Is estimated not 
to exceed fl cunts per sqnaro foot of surface area 

ftsohsM The hardness nnd mdse characteristic of 
granolithic finish are oicreomc hv covering the surface 
with ltaltleshtp linoleum In Ihe few colleges where 
this has been adopted they are verv enthusiastic over 
the resulls In other places, auch as offices, tho am 
tv pe of construction meets with a groat deal of favor 
\t the Unlveralty of Chicago cork Csrticfai are used, 
which answer a similar purpose 

Linoleum Is laid on a concrete surface, which need 
not be brought to a fine finish, and therefore can bo 
completed st Ihe lime the base concrete Is laid and at 
a low cost Any marring of the snrface or sudden rains 
will not affect Its uoo for the linoleum finish 

The linoleum should bo stuck firmly to tho granolithic 
surface and preferably a cove base should he rati 
around Ihe room and sills provided at entrance* so that 
the surface of the granolithic will be flush In this way 
the edges are prevented from fraving The life of first- 
class quality Battleship linoleum. If edge* are not 
frayed, Is probably from fifteen to thirty years, depend 
lug upon the smount of travel Theso age* are e*ti- 
maled from records of Unolenm now In use 

Linoleum, after allowing for the better finish required 
on the coucrete costa substantially the nine aa k single 
floor of birch or maple, but It Is noiseless, more uniform 
In appearance, and requires lews labor for maintenance 
In good condition Its superiority to wood in indicated 
by the fact that wood Boon are frequently covered with 
Unolenm 

«iredwood Floors Floors of maple, hlrcfa, beeeh, oak, 
nr long leafed Southern pine are used most largely (or 
office*, class rooms, or lecture rooms, and In, many of the 
older college* for laboratories and halls A wood m ^ 
face, however, is not orally considered entirely s*6ie- 
factory either In general appearance or in wearing 
qualities. If one paara (ram a corridor with a grano¬ 
lithic, torraaao, or tito Boor, Into a room or led Uor l am 
having a wood floor, than to a marked eflaat of ISM* 


ortty and c h eapnemu There to Joet aa much danger af 
poor materials and workmanship with wood ■■ wtth 
other kinds of floors. Untoea the gre at e s t core to taken 
In selection of materials and workmamffiip, they are 
liable to shrink or swell and oometimm to eqneak radar 
foot If at aU hollow underneath, they are Bun notay 
than a concrete surface. The floors of the Mew Grand 
Central office hulld Inga are an examgle of this. 

For corridors, wood to being largely superseded by 
granolithic, terraare, or tile. For laboratorie s other 
materials are being substituted for wood in moat of the 
newer structures, although wood to occasionally pre¬ 
ferred, especially for physical laboratories and for labo¬ 
ratories where men stand for long periods. The lino¬ 
leum on concrete will o v er come practically all the ob¬ 
jections that are made to wood floors, with a ooat 
substantially the same. 

There are various methods of laying hardwood floors. 
For cUns rooms a single thickness of maple or birch 
nailed to sleepers with cinder concrete between should 
hr satisfactory Another type of construction Is to use 
patented metal screeds embedded In the base concrete, 
and nail tho floor boards to splines In the acreada For 
rooms subjected to heavy traffic, 2-Inch or 214 Inch 
plank may be placed underneath tho hardwood floor. 

Of all the different materials, oak la the most ripen 
slve nnd the finest In appearance at the beginning, but 
under heavy traffic la mure liable lo splinter than the 
flner grained woods flrnrgta pine, if of beat quality, 
makro a durable floor, and la preferable to tty flner 
grained woods in wet places, as It does not aftUl and 
warp so badly It la less durable, however, and there¬ 
fore not recommended for the greatest permanence In 
rooms such is clam and lecture rooms Maple, birch, 
and beech all make good floor material These ere 
usually told in strips % Inch thick by 214 Inches wide 
The quality varies largely, ranging In cost from *82 to 
*75 per 1,000 

Ton otto Terrs ixo la made by spreading upon the 
bane concrete a mixture of neat cement and marble 
chips and grinding the surface to a depth sufficient to 
<nt Into stones and expose them on their Urgent dlam 
ctcra Marble, sometimes white nnd sometimes colored, 
is used, and slnco no wind to employed the particle* 
•nay bo of fairly uniform ilie Tho Joints between the 
particles being of neat cement are hard and even more 
durable than the pieces of the marble themoelvreL large 
piece* of marble, from *4 Inch to 1 Inch in diameter, 
give a more distinctive floor but Coat lbore than a floor 
of the smaller stone*, from 14 inch to % Inch Ip Atom 
eter, because the large stone* require much mqr* grind¬ 
ing to get do*rrf to the Urge diameters of the particles. 
There 1* more tendency to crack than In a good grano¬ 
lithic properly bonded to tha base, but If told with the 
best workmanship, thla cracking to reduced to a mini¬ 
mum Terra ixo to largely need, especially in the newer 
office buildings and In Institutions, for corridor* and 
hHUs It also Is satisfactory for lavatories, although 
more expensive than granolithic It appear* from our 
Investigation that fbr both of these uses concrete with 
a ground surface can be substituted at lee* cost and 
with satisfactory remits. In certain cam objection— 
which applies also to any bard material like granolithic 
or tllo—to raised to terra«ao because of the notoa, and 
even corridor* are covered with Unoleum or similar 
material 

Uartlc Mmnic. Mosaic consMs of small square* of 
marble told on the cement bed, something like terraaso 
warfare* are ground enough to make all pieces true and 
level The price of mosaic to too high to be o oa eWed 
for large a roes and in many csoas the pieom of afflrtle 
pull out from the surface. Mosaic la ssttaM* In certatu 
cams tor an ornamental border wWqh is not subject to 
wear. ? 

JMpwesW Oompcriftoa. Wbra told with great care, 
composition to a mttofaetory and durable material. 
Floore six or eight yearn oM have bran examine d and 
^ tia^rar ,^ ^ mast be done by a 

even with the greatest care the work to 
Imperfect The Imperfection* however, are apt t* show 
within the firet yea; of tarries. OookpMtttoa to more 
rwOtout than grucUthto, ee that there ire tow asm- 
Ptolnto of hardness. It to nearly, but not quite, as artsy. 
Fnramre ran bn rawmad directly fe (he fefltymflMty. 
Oompofflttoo ha* net M haw mi to • tytltt MM to 
cottom TUflocrarfOowfergJra.teJfewXnrt-etty 
gremaay e« thmnewue»flwtth fedaffitiiratyth, 
*****htaiM*# tt*nM»'toty 
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Ms Mtem Uboratarie* aach u phjrieal and biological. 

Asfkktt Ormposition. Asphalt coaposltlw la suttabla 
for certain places where no beery tools ot machines ere 
liable to pm* Into the soft aortic* It to reefllent and 
easy to walk end stud upon. The color ii not pleas¬ 
ing, petite a dead Mack. In a few college* it bee been 
need ■ttafaotwfly for chemlrol laboratories At Har- 
•art, for mnrlg asphalt mastic on top of wood hia 
bees In rotiafottory dm for many yeera John* Hop* 
Urn eomtdered this material for their new chemical 
laboratorlee bet abandoned It because of lta viscous 
pTOpsrtl** enhetltntlnc gnnoUtblo finish, which has 
proved aadataetocy. 

Trta* TUae of various colore la an oxcellent material 
for corridor*, laratori**, and oven for laboratories, but 
to too axpenaWe to nae except where required for archi¬ 
tecture! treatment There ere various type* and quali¬ 
ties of tile, rangtog from quarry tile to cork and robber 
til* All of them, however, are expensive. 

Wood Black. Wood block may be anitable in certain 
cassa for a basement floor having *evere linage. In the 
Hntveralty of Olnotanati wood block to med In the 
mechanical and electrical testing laboratories and ap¬ 
pear* to be satisfactory. 

non AND UIVUTMATMKa or QSAHOfitTHfC F1.C0MM. 

The matorial used moot largely for flour anrfaecH In 
factory cowtnwtion and a loo to a considerable extent 
un other stroctona la what la termed a granolithic sur¬ 
face. This, aa generally understood, to a layer of mor¬ 
tar or concrete from <4 inch to 3 Inches thick, usually 
about 1 Inch on top of the concrete Blab and bonded to 
It. Although granolithic or concrete floors are so widely 
employed, neither the materia la nor the melhods of 
donut ruction are standardlaed and scarcely two contrac¬ 
tors or engineers adopt the nme methods. Moreover, 
the materials available to a given locality largely affect 
the choke. 


In order to compare the materials, that to, the aggre¬ 
gates, available for new Technology, and to determine 
the beat proportions end methods of laying these mate¬ 
rial* a aeries ot sample surface ware told at the factory 
of the Simplex Wire and Cable Company, to Cambridge. 
Also, comparative testa were made with similar mate¬ 
rials to other location* A few preliminary laboratory 
testa were carried through, and certain tests to deter¬ 
mine the best method of bonding a new granolithic sur¬ 
face to a hardened concrete base. As a result of these 
experiment* the following recommendations are tnnde 
for the granolithic finish of floors for which this mate¬ 
rial to to be used. The conclusions apply also to struc¬ 
ture* In general. 

ifaterMs. The various aggregate* used In the tests 
Include three kinds of and mixed na mortars In dif¬ 


ferent proportion* and combinations of these sands 
with ample* of different granites and trap* One or 
two sections were also laid with a patented compound. 

Careful examination and comparisons of the various 
sections of slab with reference to ha nines* and appear¬ 
ance led to the selection of Plum Island and, which 
should bs specified to have not more than 10 per cent 
ot its grains para a sieve haring no meshes to Ihs linear 
Inch, and not morn than 2 per rent pass a sieve having 
100 meshes to the linear Inch; and crashed granite of a 
■toe which I)*■ passed tho %-luch screen to * crusher 
plant and been caught on tho A-Inch screen. 

As a result of this selection, a slab of considerable 
area was laid at a later date at the Simplex factory 
with the selected materials and proportion* and In a 
position where It would receive rather hard wage. The 
Simplex Company have recently advised ns that they 
consider thto slab the beat piece of granolithic that has 
been laid In tbs factory. 

Proportion*. Different proportions of the material* 
were employed In the various ample section*, each of 
which was about 2 test wide by a feet long. The prin¬ 
cipal proportions tested were 1:2, with and alone; 
It 1H with and alone; 1:1: IK arith and and tine 
crushed stout; l:lrl% with the me material* and 
l:g:lli. A* a result the proportion* selected as best 
are one part coot to K -part Plum Island and to 
l!i partrf crtMhed grauH* 

Ustkod of Loping OronoUmc. lutead of wring a 
•oft, flowing mixture, ths best remits were obtained by 
b ring * frirty stiff mixture, stiff enough to bs rammed 
111 place by a square-faced raramar, which would bring 


the SKStar readily to the xurfaow la thto way the sur- 
fhea rids tat thlunsr, than la lea liability to dost, and 
/tod body of tho flonerat* which to of a better quality 
^twn with a writer mix, to w a cbod with comparatively 
little war, so that the dfcotftv &*• not eonttau* 
ff r j fr t tooat Of Borfoem. Mating to toaporerily over- 
cagin hy print, tort tola to always mmttofactory be- 
CMM K wears 'off ante Pedlary travel, and if the 
of to* best quality It Him begins to 

OwdsM 




menu allow that these can be overcome by grinding the 
surfaces with a carborundum machine. Thto method 
was followed on a section of slob at the Hliuplex Wire 
and Cable Company. 

Tha general plan adopted to similar to that used with 
terrano finish. Instead, however, of grinding off a 
considerable thickness and thus entailing a largo ex¬ 
pense per square foot, only a very thin layer to taken 
off no as to show the grains of sand and the pieces of 
coarser aggregate. With thto treatment, the surface to 
of a varied texture, and shows the various colored 
grain* and permits cf different effects by using aggre¬ 
gate* of different color* While the effect to not so con¬ 
spicuous as the terraaxo, the surface to of a quieter 
toon, and should be satisfactory for ordinary corridors 
and balls. The grinding renders tho surface more 
glossy and denser, *o that It to possible to use thto 
treatment with good results In a lavatory or other 
places where frequent washing and denning to required. 
To produce a more ornamental effect, borders or pat¬ 
terns of tile may lie placed In the concrete. 

Hand of UrannUtkir In note Cowrrlr. A i>erfoct 
bond between tho granolithic and the base concrete I* 
obtained most easily hy placing the granolithic licfore 
the base concrete has reached Its set. Surfaces thus 
laid are liable to Injury from tho workmen who have 
to go upon them before they have hardened thoroughly, 
and occasionally nu unciqicctcri shower will roughen the 
Hurfnrc In snch a way that It Is vpry dltflrnlt to repair. 
To determine the heat method of bonding, one which 
would give thorough assurance of perfect adhesion, 
testa were made and then tried ont lu the Held on a 
torge concrete hulldlng. 

1-nhoratory testa were rondo on bonding new mortar 
to an old concrete surface, using various melhisls of 
treatment of surface, Including nrld treatment, rough¬ 
ening, and no nurfHcp treatment whatever. As bonding 
material, nest cement was used In different conditions 
of plasticity, slso certain patented compounds. As n 
result of these tests snd cxiswlence in the Held, a rnngh- 
eneri surface of the old concrete, with neat cement pash* 
brushed In, to recommended hh an effective method to 
produce a positive bond. It was shown In (he tests thnt 
with a proper neat cement bond on a roughened sur¬ 
face the break under tension waa frequently through 
tho concrete rathpr than at the Joint. 

Preparing Concrete Base for other Hnrfare Materials. 
If somo other material than granolithic la used for the 
wearing surface, the base concrete must be left In a 
condlthm aattofaetory for placing the surface. For 
most materials, such as himlwood finish, composition, 
nsphalt and similar trentments, the surface of Iho laise 
must be brought more nearly level than where grano¬ 
lithic 1s nsed. This can he accomplished hy very care¬ 
ful sercedlng of the surfnee. trowelling nr rough plnces. 
and tilling holes made by footprints before the concrete 
has hardened. 

Fnr linoleum, a real granolithic la not required, hnt 
(hr surfnee must ho level nnd true. Tills should be 
Hieompllshcd hy spreading n thin layer of mortar be¬ 
fore the base concrete to set, hnt thto need uol lie of 
the very best quality of gmnollthlr nnlcs* wllli the ob- 
Ji’ct of using iMirtinn* of the floor wlthoiil linoleum. 
Thto thickness of the mortar may he 14 Inch to U inch. 
This should he troweled at the pro|>cr periods, hnt with 
less rare than for a granolithic that la to he used as 
wearing HurfHee, Rome form or cove hnse around Ihc 
walls to adrontagrous to use with the linoleum. 

High-Speed Engines* 

Fob tho last four or five yean we have Iwcn pro¬ 
ducing In *ome of our factories on the other side high¬ 
speed engines which will run successfully In touring auto¬ 
mobiles without any more trouble than the ordinary 
slow-speed engines. In fact, five years ago the company 
T waa connected with were In a position to give a threo 
yean* guarantee with their automobiles, tlie engines of 
which ran at a maximum speed of almut 2, nil) to 2,lkX> 
revolution* per minute. Within the last two or threo 
yean wo have been producing engines which have lieon 
devaleping maximum power at 2,400 revolution* per 
minute, and these have accelerated to 2,800 revolutions 
par minute on the slightest down grade. These par¬ 
ticular automobile* have net only been successful in 
the British Isle* but have been highly satisfactory and 
ro ooo raf u l in our colonics, snch as Australia, Now Zea¬ 
land, etc., where the roads arc, I think, pretty much on a 
par with American road* In fact, just before leaving 
Baglacd I impacted a report from onn of my assistants 
who was In Australia looking Into the matter. Ills report, 
at writ as the agent’s report on tho bohavior of automo- 
faflat there, not only of our own production but of bigh- 
tpeed-engined can produced hy other Anns, was to the 
effect that they ware entirely satisfactory. 

I am stating throe points because b dismissing them 
with (com of tits sngiiirm hare I havefound that*qulte 
_»_>s»srwritoP-«*0*Wkftssadti»WlrtsJlatosa. , A.fi. 


an erroneous Ida looms to exist regarding the durability 
of tho high-apned engine fitted into a moderately light 
chassis. The chassis which those engine* are oalicd 
upon to pull are not light, being In mint caw* of about 
tho urns weight as some of tho mudorn chassis here. 
These nhami* stand up not only In Britain but alao In 
the onlonlea. A horeo-power represents 33,000 foot¬ 
pounds of work, whether it la devebpod in Britain or in 
America, and If the required horeo-power can be obtained 
with a smaller engine, greater economy will result. Aa 
an example of what has (men done, I havo designed a four- 
oylindor engine of 2 11/10-lnch bora and 5-innh stroke, 
which developed 30 hrake-hono-power at 2,900 revolu¬ 
tions per minute. It wa fitted to a UO-tnoh whedhoe 
chassis weighing 1,080 pounds. Tins automobile could 
pull on lop gear at 10 miles per hour on a very decent 
grailo, In practically the same manner as a six-cylinder 
automobile with an engine of 3 >4-Inch boro and 5-Inch 
stroke. The wheelbase of the six was 120 inohes and the 
chassis weight about 2,632 |*>unda. Both chassis carried 
a load of ilrivor and one passenger, plus a weight of 800 
pounds. The small automobile was only three or four 
miles an hour slower Ilian tho largo one. Obviously, 
tho small engine was more offieient and developed a much 
higher mean effective pressure than Urn larger engine. 

Undoubtedly, Dm most efficient valve mechanism 
which can he designisl is tho overhead system, because 
the combustion chamlsT is more perfect ami present* 
lass cooling stirfaeu to a given volume of gas than any 
other arrangement. This arrangement has, however, 
an inclination to lxicoino noisy, as, due to the inertia of 
tho valve gear, which is undoubtedly greater than with 
any other typo and naturally requires correspondingly 
stronger springs to prevent valve chatter, tho rocker 
pins, etc., soon develop a certain amount of play or wear, 
ea|sx'inlly if the engine is of tho efficient high-speed type. 
If tho engine is not of lids type, there is no necessity for 
overhead valve*. 

One can got highly satisfactory results with the exhaust 
valve in the orthodox position and the inlcL overhead. 
\fcith this arrangement about 15 te 25 per cent more 
charge can enter tho cylinders for a givun also of valve 
than with tho l^lioad typo of motor. Tho power of a 
motor dejsmd* largely upon it* volumetriu offloioncy. 

I havo been astonished to llnd how many of the 
engineers on this side still favor tho T-head type of 
motor. 1 havo found this arrangement to bo Iho least 
efficient on record, It lxdng noooesary in order to get even 
moderate efficiency lo use a two-spark magnoto with 
s|iark plugs on either side of tho combustion chamber. 
1 have proved Ibis eonloDtion more than once. It has 
also been proven by tbo faot that two sitark plugs make 
very littlo difference iu tho Teheed tyis> of motor, no 
matter in wluU position they are placoiL 

For ordinary sizes of racing motor* it is, In my opinion, 
entirely unnecessary to fit multiplo valves unless it is 
desired to run tho engine somewhere about 6,000 revolu¬ 
tions per minute, or unless tlie boro of tho cylinder bo so 
large ami tho stroke so Jong that two ordinary valves 
would l*i entirely too largo- Regarding tho design of 
valves and valve gear gcnurally, I would ay that lately 
I took part in sumo experiments with an engine running 
at 4,000 revolutions per minute ami developing power 
at that speed, Dm valves being nido-by-dde in the con¬ 
ventional L-hcadod manner. Tim results were certainly 
astonishing. 

I liavo been using in my own automobilo an engine 
which developed full power at 3,000 revolutions per 
minute, tho bore Iwing 3 1/8 innh ami tho stroke 5 1/8 
inch. The whcolbaso of the nluuuds was about 120 inches 
and the weight about 1,000 pounds. Tlds automobile 
could touch about 70 mile* per hour in touring trim, 
with open brrpodo braly hut nu wind screen. The ao- 
ooicralion was good from alxiut 7 miles per hour an hour 
un top gear. 

Railway Rail Production and Failures 

BuujrriN No. 170 of the American Hallway Flngtneer- 
Ing Araoctntimi dcnlf with KlHttollc* of rail failures fur¬ 
nished to the American Hallway Association hy various, 
but not all. of the railways In the fulled States and 
Canada. Three show tlist during the yesr ended Octo¬ 
ber 31st, 1013, llicre were 03,472 Ion* rolled on the Bre 
nemer process nnd 703,057 Ions hy the open-hearth 
process. In 10(10, when about the rente total tonnage 
was rolled, the figures were 432,155 for nememcr and 
401,261 tor open-heerlh. The failures In 1011—the years 
1012 and 1013 are too recent to afford any concluidona 
as to failures—were 37.1 |ter 10,000 tons of open-hearth 
rails and 04.2 per 10,000 tons of Bessemer rail* which, 
taking the open-hearth failure* as 100 per cent, means 
252 per cent for the Bessemer. In 1000 the open-hearth 
rails bad 100 failures per 10,000 ton* and the Beoaomer 
212,4, which, again taking the open-hearth failure* as 
100 per cent give* 105 per cent tor (he Bessemer. The 
percentage* In favor of open-hearth rails have Increased 
year by year, which, the report ay* suggests the 
thought that there wen foulty practices In th* roily 
rollings of opro-bcarth rails atoro Improved upon. 
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Automobile Lubrication—II* 

How to Test, and How to Ube Various Classes of Oils and Greases 

By C W Stratford 

Contlutlul from Scientific American SurruiONT No 2060, Face 393, Jane 19,1916 


These may I o tn aloil under thn* headings (I) Divi 
non of lubn aling stalim (2) 0| rating U m|* rnturt* 
of motor parts (I) Itiquimb |>li> mu nl pripirti s and 
thtir offm t upon moti r op rati in 

Duuum of I ubru- Utng Sgttomt — A thorough analysis 
of the lubricating systems of sutom ihilo mo ton with nil 
thtir peculiarities of design in oonneotion with oxfauis- 
tivo ttHte mado with ill* in nanh eh >wn that prnotuallv 
cviry lubricating system in use to-day can bo included 
in th< ft flowing distlnnt typos 

(1) hull Hplnsh (6) H< panto Fort e Food 

(2) Splash with emulating (7) Ft n hood 

Pump (H) Full horoo hood 

(I) Pump <>vi r and Splash (<9) Knight Hhde Volvo 
(4) hortt Food and Splash Mitor 

(6) Pump Over (10) Oil hod with Kuol 

The reason for ahooelng sui h a flxod number of lubn 



eating systems is to fariktate their proper Ussiflt ation 
and hot auae of the t Ifot t wlileb tho details of these luhn 
eating si stems exert upon thi flow of oil to the moving 
parts Insofar as the prim lplos involved go lubnoaUng 
■vstoms without oxuplion can bo divided into two 
gtneral groups ( lrcuUUng sysUms and All loss 
systems By all loss system is meant a lubricating 
system in whlth oil u fed dirwtiv into tho trmnkuasn 
or through the hoanngs Into tho orankraso from an out- 
ud< souno Oil thus fod Into the rase never returns 
to its soureo In all loss systems the lubrication of 
the parts in < out* t is aonomplished by (a) splash only 
from tho i mm* ling rod < mU and by (b) oil under pro*- 
Kun as well as by splash from tlu oootux ting rod onda 
In m itors i m| toying all k a* s\ atoms oil is filled up to 
a fixed level in th( crankiaw lho lubrication of all 
parts is then made <x ntinu ius hy splash and by feeding 
i il from an auxiliary soureo into tho < ranki sat when It 
is < onsurand at or about tho tame rate as tht fm d AH 
I mis systems an howi vor much leas fool proof in tuauy 
ways than are thu circulating There is a possibility 
with tho fomu r of feeding an t * eta of oil in to the crank 
Late wlwh may cause a rapid carbon deposit in the 
oylindt rt or on tho other hand of fooding too bttk oil 
then I y causing unduly rapid wear or ptrhaps ttnous 
injury to Ibt imrls from want of lubneation 

II) circulating systtm is meant a lubnentlng system 
in which a quantity of od is filled to a find k vtl into the 
rankeast sump whence it is circulated by some type of 
pump or hv tho flywhet I to all parte requiring lubrwatkm 
tn «iroulaling systems the oil is applied to the moving 
1 arts by (a) splash alone from the ounneotongH-od cods 
or hy (b) pressure and splash from the connecting rod 
ends A drain imoket or cavity should be provided at 
the lowest part of the orankneae sump in emulating sys- 
temi so that all metallic sediment carbon heavy oar- 
bonaooons or fore«n matter will settle and not re-enter 
the emulating pump Fine mesh metallic screens me 
regularly fitted between the main crankcase and the oil 
sump below or over lho inlet ndo of the circulating pump 
as a positive mean! of separating solid matter, ootter 
puis nuts and wrenches from the hibrioaMn* od. 

Before leaving the subject of lubcienttnf systems, 1 
wish to state that during my own ex perisooe M a designer 
of internal rombustlon ingines I have frequently been 
called upon to solve many vexatious and baffling prob- 
Ums most o f whic h had to do with the proper form and 
• A paper pr— a ts* at tbe asan-saaaal ■esdag of *• 


arrangement of the lower crankcase ml sump and ita 
mtessorka Very careful attention bore to details 
invariably pays in tbs long run Tho very sueeoos or 
failun of a motor in the hands of a oarokas pubbo may 
dipt od wholly upon their exneHenoo 

ornniTiNa nunumu 

Automobilo motor oils are expoeed continuously to 
muih higher temperature* In an internal oom bastion 
i ngine than they were ra the heat test already mentioned 
> k|mm tally is thu true within tbe explosion chambers 
upon the upper surfaces of the cylinder walls and upon 
tho lowir surfaces of the piston heads For dearness 
let us examine only tbe functions performed by the oil 
and the changes which it undergoes above and below 
tho piston 

Oil for tht luhni ation of pistons and eytimters is 
splash* d on tbt lowi r cylinder walls and from there it is 
carried upward and spread over the cylinder wall sur¬ 
face by tho pistons and piston rings A certain quantity 
as well u thrown off the pistons on their ascending stroke 
and projected onto the entire explosion dumber walls 
ir the latter quantity la small and the fuel mixture u 
at 1 on the lean side it will be flaahed off, leaving no ap- 
pnruble deposit But when an overabundance u 
thrown up the boat of explosion can only vaporise the 
oxposod eurfaoe or outer layers so to speak of tbe oil 
film because of its poor boat oonduoUvity and blow 
it out with the exhaust gases in tbe form of smoke leav¬ 
ing behind heavy ond-produots of destructive distilla¬ 
tion Ilieee are rapidly reduced by Ute intense host of 
opt n throttle explosions into a cumulative incrustation 
called oarbon deposit in common parlance Tbe actual 
free i arbon content of this oarbon deposit may vary from 
k ss than 1 to aa high as 76 per eont Other onnstltuenU 
pristnt are metal oxKks mostly iron from a trace to 
approximately G per onnt large porn ntages of Inactive 
earthy matter (road dust) and solid black carbonaceous 
or asphalts compounds according to the oil uaod An 
analysis of t rankoase seduiu nt token from a laboratory 
motor shuwi d free carbon under 2 per cent metal dual 
less than 1 |sr tent the remainder being nearly equal 
quantitss of ■ arhonju coils matter (1) soluble in naptha 
and (2) at luble in carbon disulphid And the analysis 
of diposit token from the crankcase side of the piston 
hi sds showed approximately the same percentage of the 
above constituents excepting a alight increase in free 

Qivin an oil of good quality oarbon deposits resulting 
from its nm up to tho point whore trouble occurs oan 
and should bo easily avmdod betwoun annual overhauls 
bv tht manufacturer s proper design of motor psrts 
Whili it is a fw t that much oan be done toward the sup- 
prtKSH n < f mechanical defects omtmona of design and 
<arh< n U pt sits a« ruing thorefrom by oorroot od spool 
(baton* to suit the esse in hand it Is decidedly unfair 
to suppnet that oil alone oan satisfactorily replace leaky 
j tslr n rings or to burden motor oil with a more exacting 
task in the oyUnder* than that of good lubrication with 
its hi lpful seal against slight gaa leakage 

B« low the piston heads, though tbe heat oonditaoia 
there are somewhat less severe than above ebenuoal re¬ 
actions within tbe oil are just as inevitable and continu¬ 
ous No lubricating oil exists that will not undergo a 
obcmieal and naturally a physical change whan exposed 
to tbe high temperatures on both sides of the pistons 
of automobile motors In other words, there is no motor 
ml known that will not deposit sediment In tbe orankneae 
A very marked difference doe* however exist in the rate 
of sedimentation of oik of good and of poor quality, used 
in the mine motor under tbe maw operating conditions 
It seems tofioal to eonrioda therefore that the rate of 
sedimentation must be a dapaodahle measure of durabfl- 
Ity and attswney 

>or tha purpose of the following tests, let m imams 
that two yellow ofli of tha same vaoosity my, betwesn 
200 and 800 seconds Saybolt at 100 degrees, be used. 

Good Oil fistWm —When a motor k ran on the 
test stead or in » ear for a few boon with a fibred of 
of the Ughtat quality and a mmple taken for aaaaria*- 
toon, It will be seen that tbe oil has changed from Its 
original yellow to a gmykb-btM hy rtikiti 
After numb* mvend days It wfS bafeaad that the «A 
has turned entirety bleak and beeomeopeqne, Amm§b 
drained from the motor Uto a loqg narrow take mi 
allowed to stead 3* bows wfi shew a Uaek mfiMk* 
at the bottom. The e« fientfeg shove ike md^m*k 
red in ealor hy kii m ihtii Bgb* snd h eqre* »> a*. 


viceable as when froth Tbe volume of this eedboeot 
depends upon the operating temperatures of motor 
parts with which it has come in contact, parUoulartr the 
temperature of tbe piston heads upon the presence or 
absence of moohameal defects (leaks) in the mater eild 
upon the qnahty 1 e., degree at parity and stability 1 of 
tbe ml used 

Post Od— RtaaHont —Let a poor o0 be nut m the same 
motor under like conditions of tow and tonlpcratttlee 
and samples examined At the end of a few mitt tee 



Fig 12.—Proper dsriga for goad Imbrication. 

the oil will turn to a dense and lustrous black After 
standing 24 hours tht sample used several days will 
show a voluminous blank sediment, several tunes greater 
than that of tho good oil 

In the interpretation of there results lot us assume the 
most favoreblo osse for the poor oU—that the portion 
remaining above tho sediment b still usabls though more 
often it is not The good ofl is still vastly more durable 
and economical than the poor (FV 11) Chemically, 
this low resistance to heat shown by poor oU* is again 
traceable to the nefarious and destructive effect of "soi- 
pbo compounds present Regarding the probable 
iff net which their presence might have upon tha bearings 
and other parts within the motor, whan dwo m ponsd by 
beat into free sulphuric arid it may be expected that 
oorrowve action would be almost negligible Thaeffeet 
of hot sulphuric arid gas upon highly heated exhaust 
valves and soato Is very noticeable, hmre w tr , enuring 
rapid pitting of the surfs— and tcslraga 


The maximum milmge per gallon of all in the beat 
modern Automobile motor k aumfar ibtm L 000 l yottk 

pand to that of tbs average motor which probably nem 
exceeds 200 Why sqch a vide dUfereuw in eOrisMyf 
The anew * not hard to find. Aa examination of the 
lflOOmJJc motor diarioass tha qdsof tight piston (fogs, 
large oentrifugai rings on the rittfcsbaA where it ps—a 
through the mas, smpb cooking fits lfi tha pistor*, vs— 
between the aaakeam n ha rehw and tha v#» —tw, 

hm been Jn& forttd lmltafia 

mutin'**. The rsauh speaks far Itsit: 


at the bass of Ihk gmotot and 


JJJ •*****& * * v* 
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tion of fotty °fl with aa dlun of potaadum hydroxide in 
tiMpHNOHointa Whop th* saponlflcatfon to aom- 
pitted, ell of the wafer u boiled out and a hydnxsriien 
oil 1« then added Variation in the quantity of the eon- 
aubk the mannfoature of light, 
Thu gratae when heated up 




4 Inches, thin oooling woba should be provided in the 
bead to ae to hilly utilue the oooling rtTeet of the oil 
The ideal pletoa, from the viewpoint of oooling, u of 
eoune that mads of aluminium alloy 
The sooting of oil m the ramp oan be aneompluhed 
moat effectively by radiating fins on ita outer aurfaee 
The lower erankeaee lbould be fully exposed to the outer 
air A tattling baeln for aedlmsnt should be provided 
having a on bio oontant of not less than one tenth of the 
total oil capacity The depth of thia beam lbould be at 
tenet 3 inebea and ita walla vertical to reduce the mixing 
of aedhuent with the oil in circulation The inlet to 
the on pump should be nenr and Above the tap of the 


little to bn raid, rave that their anna ahould he ample 
and the moth oonne mough (one sixteenth of an inch) 
to offer no aenowa raaiatanee to the free flow of sold nr 
heavy oil through then, otherwiee the oil in the orsnk- 
enea may build up ahova tb«p to an undaanble level 
The neeeaniy frequency of draining and flushing oat 
the ad ramp differa greatly with tho age (condition) of 
the motor and the suitability of the od Died In broad 
terms, tlie oil ramp of a ntw motor ihould bs thoroughly 
drained and fluahad with kerosene at the end of the flnt 
300 miles, next at the end of COO miles 


How. to answer a lea 
pa mud over lightly, namely * What la the beat typo 
of hibrioabng system for automobile mo ton?" With¬ 
out hedtafeon I would ray force feed, 1 e, a mroulatmg 
system with feed under pomp premure to ad crank and 
cnmshnft bearing* Thia system furnishes a copious 
supply of ml for carrying away the fnotion heat of beer- 
ilgs and for oooling the piston heads In foot, the large 
body of ofl In constant circulation off era the host oon- 
Veyanes for surplus beat to the outer air Onee the oil 
tamp baa been filled, so further attention la required 
Than la no daagsr Of burning oat bearing* or scoring 
‘ n lack of oil, fooling of ping* or oarbon 
rthennom, *o bag a* then la wafer in the 

_sta and oil ahova dm oil pomp inlet, no 

st of punishment by hard work on the road or high 



Fir IS—Proper dndga far good lubrication 

with cup grease to form different graclis of graphite 
grease* 

Srtm-Jluui Oili —These are randi in the somi manner 
aa eup greases tb» only dilfin nee being that a smaller 
quantity of saponified fatty oil m nnmhimd with thi 
hydro-carbon ml 

Gear ( ompound* —The so-called gear compounds are 
generally manufactured hv blending fllnr grows with a 
hydros arlon oil Infinnr grades arc madi from a 
mature of paraffin wax and heavy oil l'araflln not 
being a lubricant the lubricating efficiency of such i om 
pounds is therefore reduced in proportion to the quantity 

Trantmurum Odt —These oils consist iithcr of a heavy 
straight cylinder ataek (hydrocarbon od) Jr of a bleud 
of same with a small pemntagi of fatty oil and are used 
for the most elfiment lubrication of both transmission and 
worm- and bevel-gear roar-axle mechanisms hor the 
lubrication of worm-dnven roar axles ehcmteally pure 
castor oil is sometimes used in spitn of the fai t that it 
offers no noticeable advantages over transmission oils 
and in the face of an almost prohibitive cost 
umnxa conditions or anunns 

Doubtless were it not for tho froqui nt serious leakage 
of lubricant which ooourn from tlio average common ml 
transmission or rear axle no other modium would be usod 
than tnuumuasKm oils The beet body of thi so oils for 
nsi m both winter and summer 1ms around 140 seconds 
at 312 degrees (Saybolt universal instrument) Is ullage 
does nevertheless occur and is consequently one of the 
chief factor* If not thi leading factor governing tho 
specification of lubricants for then mechanisms It is 
generally recognised to-day that even a mi ilium c up 
grease m nnsatlsfai tory because of the fact that the gi are 
cut trank* into Its body thus preventing anything 
more than momentary contact with their toi th and the 
other parts requiring lubrication Oil the othir hand 
a thin od rapidly leaks out through tho joints of tho can 
and along the shafts As a solution a compromise lub¬ 
ricant Is chosen which offers the least resistance to move¬ 
ment and show* a minimum loss from leakage Often 
a heavy grease mixed with wood fiber, asbestos or other 
■olid matter, w used to suppress the irritating noise of 


lubniatnig propertua an I slight tendency to leakage 
Tin v may U hail in consi-li m ick suffii untlv h<av\ to 
suit (untilLions of thi liakusl iuw without pnswusing 
am of tlu disadvantage if straight i up or fils r greases 
leakage with anv lubricant tao Is rrdui ed to a minimum 
by the spplirstion of centrifugal rings In all sliaft* or 
if thi span, b< too hunted for thi application hv frit 
pai king mil hv providing air vi nts at th top of thi (aw 
so as lo maintain atmosplicni pressure above the luliri 
eant within lh> <aw All liilini mis ismsoss a fairly 
high ux fill lent of nxpaiuoon and wlun filled mid up to 
tho iintir of the shafts mil In ixpaiulu) hv fnition 
hi at and tho li.vi I raised thi n hv to sui h an i stent that 
the hot air alsivi olio ixpawlid mil fini thim out 
oven through light jomts 

As to thi mruisnrv fnqmnij of inspecting I hi level 
of the lubricant in transmission and riar axIis or of 
draining mil flushing mil sauu it would b< unruly a 
waste of words to give anv ill finite figures Thi re are 
i ntirely too many vanablis involved Suffice it to 
sav that ruaaonalily fnquint aLUntnin should be given 
to maintain a uniform t vi I in then mn hanisms and to 
dram them win mvirs sampli nf thi liilini ant shows tho 
pnMnu of i insnlirnhli niitolhr dust whin ixammed 
by roflis tisl sunlight A thorough cleansing nf llm case 
between ivirj tlino to live thousand mihs will rn lily 
repay what it (osts m lubniant by (hi ininased life nf 
the parts 

I UAKHIK 

Cup* Cnmmi n ud nip gnaw of a grade suiting the 
snowm should Is uiml ikiiptiim Is mg modi onlv of thi 
greaw i ii|N fis ling tin wallr pump Is annM anil glands 
whin graphite gnaws gut hi It* r wrm i 

Strtrvq f/eir I In worm an I IS lor lu Ills Bln ring 
gear housing is quin a mp or fllsr gr aw or a luavy 
gear i(impound dipiniling ujsin tin lighlniss of the 
housing i’nfinmt slmul 1 hi givi n the latler whin vir 
its uso is possihli 

Wketlt —With anti fru ti m In wrings a medium grade 
of fiber greaw will gtvi intin salisfui turn In iase the 
wheeli ire fitted with plain Issuings a suitable grade of 
semi fluid oil should In um d 

Svrpeiuutn Vprintt The lilaiii s of snspi nswm springs 
where they norne into contact with each other can be 


fctoadeim tke dtrignof Jtffanal dsriew for retaln- 
fa*»h*IuMe*atowfcsrtthsarirosdiafUpM 
feiborotortabataiy tofetopasaUi Umiatroduotioa of 


0*F ib mt Q» ymm to toaaafo^erod. fire*, by 
f# «aWam hydrodd. 
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lubmalid miml illootivoly by painting their surfaces 
with a heavy graphite grease One application only will 
lx iifwwary be tween annual overhaul! the improvement 
m tin ruling qualities of tho oar nan not fail to lx ap¬ 
preciated 

Mount I'arte I ipose l lo that —Miwm tlanooua moving 
parta expired lo duet ion last be luliruahul h> thi 
applHatHin of a luitahli grade of grapliiU gnnw 

tONri l SION 

Then ih no valid reaeon why much greater ixonomv 
and i flh mi v of lahnialnm < ennui Ik at lainnl in all 
aulomohik mutore h> the simplt uppli alion of a kn iwl 
edgi of «auee and iffix t of oil dislm in n Ni itlnr u 
there anv Iniurmounlahh difll< ultv in thi wav >f eup 
pressing uwhm end lostlv liakagi from all anU inolnh 
mi c lianums Cirtainlv tin almost unht Ih vablt drop 
in yiarlv mainliuanit ioMh and thi total ihiiiinalion 
of all luhnialion nnnovanux should nialu tin studv 
and Huitesxful solution of this probhm oni of abeorhing 
InUnst and prutll to mry inauufactnnr anil to hie 
aunt mire Intilligint i o-ojx ration Ih-Iwiiii ml re 
Una re and niitiiinubih. ninnilfai lun re w mid ennl> d) 
mu h along llua line 

Measuring Growth of i State 
nrat EnnaMratloo 8oMy to Provide for Political 
Reapportion meat 

1 hv iineue enumeration of Niw York State promms 
to h< m xt to that of thi United SlaU e tho largiet and 
moat i xpt ihuvi rnngli slatislinal i nti rpnie in tlie countn 
In no utlic r State an there so many poople to be enumer¬ 
ated while the fait that the numlxr and complexity 
of tht mU iTogaloni a will bt mon i xU inuvt this vi ar and 
a lumpklion witlun the short s|>ati of two inonlhs set 
by the Constitution is tut < usury a largi niimlMr of 
mipa rvisors anal a iiumoralnrs a larks and inlrapnltrs will 
he required 

1 be task in its simplaal phast Involvts tin (ouuting 
of upwards of I In H millions of inhabitants now nst unata d 
U» be in Ibis Mato 

F1HHT BIATF cailSCH IN 1782 

Under tht first State ( ouslitutmn a etnsus was taken 
in 1782 when the Sheriff was requireal to dins t the local 
eonstabks to taka the number of white Inhabitants in- 
ohidlng refugees vk Ums of the invasion of the ent my 
at the expense of thi ■ ountii s These returns wi re to be 
tummarlud and filed with the Soa retary of Stale to be 
transmitted by him to C ongrem A similar ouunierution 
was taka II again in 17NH but it was nut until tho third 
RtaU « HSUS was taken in 17W1 that tho law n qmr d the 
Hoeretary of HlaU to pn para tht blanks ooiilaimug tin 
qutstions covered by Iht t numeration This Slate first 
inaugurated the due unreal or ptnoalual system of freim 
oration of thi populatkm and n sources In ordar not 
to aonflkt with the koderal svsttm the State ( onslitu 
tun provided that an enumeration could lie taki n in (lit 
years in which Iht unit figure flvo was pnaeut 

Dunng the colonial ptnod tht pmviiKlal governors 
were re(|Uired to give amount of Iht prognsa of tlio 
settlements and in New York colony aL hast fourtotn 
aliffannt counts of population wan takan baforo the 
ltevolu Hunan War Suite thi inirision for pi nodi 
mausunma nts of tin Slate s growth was inaugurated hv 
tlu framers uf tin first C niiitiliilum many fimgli 
count nts Slatts and lirritiiiis liavt atlopltd similar 
svsltiiis and at tlu pnsint turn tin lawsofuthast Iwi 
fomgu t outlines require an a mum rat ion of tin popula 


The first unsus enurmration in Niw ^ork Stati was 
inundiil solal> fir politkal nappairlioamint Const 
qutnllv tin tlaeliral census of 17S2 17Sb 17U0 1705 
lsol 1807 IHUaudlSil takanundirtht aonstitutional 
provision of 1777 luminal lha suipo of surh inquint* in 
fact the first thne of lliasa win for tht tounts if these 
t let tore distributed into four property t Uuous Thi 
ttnsus of ISM howevtr was thi first to depart from (his 
rule of mi it t uumt rat i >n of tbi t lot tors and to pnii ure 
other soi lal lnformatum At that timi over a do/a n 
inquire■ wire addid niniimiug property qualitnations 
age sex number of slavi s 11 

Thi a enmis of 1H21 n quirt d atlilllmiial inquire s in- 
t hiding agreultural ami inanuraLtiinng qua stums and 
othir mat tars aonrelinil air nlativt important i it that 
timi In IH26 othir qiusti iiih wtrt atldtd to the etnsus 
of that ><ar whi h was tin first to lie lakin under the 
setonil (uiMlitutmn of 1821 llnst inquires ton 
cenied tho »nuiniration of defeativt ami dapenahnt 
-'g—■ suth us tin ihaf aluiiih lihnd insane and paupers 
albd nnee that time c in has lawn taken to obtain in- 
(urmatmn a oncoming pliytn ally and mentally ditoctive 
t hues s AnoUur ikm iwludid mamagin, births 
deallua and. in tht m xt (i osus of IH35 little i hange was 
made in tho scope of Lhni inquiry excepting that certain 
questions wi ro addt il i ontt rrnug the fat tory and manu¬ 
facturing Ink n sis 

tbadl iNquiMia mraiAsa 
The census of 1846 introduced many inquiries eoDown¬ 


ing trade oommeroe, oewipaper* and periodwali It 
increased the numlier at quesUogi relating to agricul¬ 
tural interest* The oensus at 1866 under the third 
ronsti tu turn of 184b diffored rad Inal ly from all prewms 
ones in that for the first time the Reoretary of Stats was 
cal ltd upon to undertake the direction of all the work 
In the |vo v kiuB enumi rations the returns were tabulated 
hv tlu lixol enumerators sdtn wore required to report 
tin totals to the county nkrk who in turn forwarded a 
summary to the Secretary of Stale s office 

Tht ni xt two censuses wtrt taken m 1866 and 1876, 
wht n tin i numi ratorn acting in the places of tlio mar¬ 
shals wen called upon to oornil the population These 
ei nsus (akt n were allowed Id per dav to 1» paid by the 

< ounty and t his was the last oet asuin in whioh the census 
was Laki u at the entire exp< net of tho loeahtv although 
llm State at that time eontnhutod Kid 655 whik at the 
<insus of 1876 the first to he undertaken bj the State 
alum tin appropriation was doubled totalling 1138 037 
Tin census of l»5 pr tvided for a large number of inquiries 

< once rnmg soldii rs and sailors engaged in the Civil War 
Ihcrt sms opposition against the enumeration hetausu 
of the ft ar that such information would he used to draft 
soldiers In 1886 and 18U5 no (ensue was taken al- 
I hough In 1H02 a mi n i oiuit (onsisllng uf seven questions 
on population was made when an approprution of 
S2U5 0U0 was allowitl Sim it the publication however 
of the Inst n nsus taken in 19U6 the importance of the 
subps t has horn mon fully raogni/ed and the amount 
of attention paid to the census cannot be bettor shown 
than in llui figures for the number of inquiries made nnee 
tills last census 

T lie constitutional prov iston limiting the time during 
whxli c i nsus n turns are lo l» modi has frequintlv 
proved to bo msufficunt to lomphle tho task though 
it is ixpexted that the turning tniimoration can be oom¬ 
ph Ud within thi months of Mav and June as the Con¬ 
stitution requins Tht svstim usually adopted in this 
country of extending tht pi nod of ennmeraliun over one 
rnonUi has been U mud tht etnsus d* jure as compared 
with tile Y nglwli sysltm wlm h is callod tho oensus ds 
f icltt method wlm h lalUr svaltm begins and completes 
Uit t numeration within om ilav a/tor a previous distn- 
butiun of the blanks to be lllh il out bv each householder 
Such a milhod while redut mg the number of enure 
raused by duplualton to thi minimum could not be 
i mplojed in this country Imcbiim many sections are 
thinly popula I/ il and difik ult of ocooss 

As stated i emeu onumt ralors originally were the local 
tnnstabhs Later thi law pnvuled fur special takers 
who win called maislials and appointed by the 
Seen tary of Slate At the pn sunt time those individ¬ 
uals an called supervisors ami i numerators and the law 
now previdix that the SvnUu-y of State shall appoint 
anil pnstnhe their dulls* and liavi direct control over 
their work l ireulare uf instnii lions are providud and 
all returns an to lie tabulated anil arranged according 
to the uuinltre of inhabitants exclusive of alien* and 
tin numlxr of aliens in tai h village town county eitv 
Isinmgh aud the wanl uf tliu State 

UAIHINb TABI LATION 

tabulating (inlays population statistics within a 
n aeonabk kngthuftum u ouhl be prat tv ally impossible 
Wire it unt fur tlu nuxlim mu hint methods neoessarv 
fui tabulating thi diffmnt cliaraetcnstics of the popula¬ 
tion for whkli iiiquirue are made and wlm h must he 
pr wnh d in van jus i umbmatumn with nne another Uv 
tin mithisl now in vogue all the numerous foots apptanng 
upon the imI nduhs ore transferred to the cards each 
lx mg nprvw pu*l by a punched hole the signlfioanoe of 
whxh is di li mined bv its locatlun ou the cards which 
are run rapidly through tabulating machines to register 
the data in a variety of combinations 

V illi this mechanical aid it is possible to complete 
the tabulation of all the data within the time specified 
bv law 1 he Constitution in abnul one half of the States 
requires the enumeration uf the population every ten 
yi are but less llutn half of the States oompbted this 
work in 1 *M} r ) The original n turns of the enumerators 
during tho past cintury were deposited in the Btato 
library but unfortunate ly tlu si were destroyed in the 
fire of lllll although the summarum made from these 
returns arc now on deposit in the offico of the Hoeretary 
of Stale -N 1 Foot 

Porous Boiler Settings 

ru» hinvy brick uettlug of a steam boiler looks ao 
solid and subut&uttal that not only Is the avirage user 
of steam deceived us to lta ability to keep out air but 
the • xpt it who should know better has bis attention 
easily dlv«tied from a very Important feature In wee- 
tisHful Is Ihr operation To Insure efficient and eco- 
liomtinl operation all air reaching a boiler furnace 
should In admitted at the propel place” and in 
Uie iireper quantities, If economical combewtloa of 
the fuel la to be sec u red and any addlthaal air that 
finds Its way Into the furnace through casual en¬ 
trances simply interferes with both Urn draught and 


tbs proper coatb-tfeo. R has mm to to MM «- 
nlasd that brick boiler rettfagf toa to ao mum fa- 
right, but are actually decidedly pcrooai ao4 Udo toot 
wts recently vlaibly de ni o totra tod at oa eteelc power 
plant in the Middle Went Ken wore set at work paint¬ 
ing a boiler setting with extra heavy stack paint, and 
before om side bad been covered an Imp roveme n t in 
tbs draught could be seen at the draught gaga Whew 
both sides bid been painted the natural draught tad 
increased by 0 ID Inch 

That this point la ao commonly overlooked Is not ear- 
prising when we constantly ao the nitnooriy Cracked 
brickwork around boilers that la allowed to stand yaar 
after year without attention 
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